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It  and  its  companion  volume  contain  Data  Sheets,  Selection  Guides  and  a  wealth  of  background  information  on  signal 
conversion  and  a  wide  variety  of  components  for  mixed  signal  processing. 

It  is  one  member  of  a  four-volume  set  of  reference  manuals  describing  and  specifying  Linear,  Converter  and  AudioWideo 
products  from  Analog  Devices,  Inc.,  in  IC,  hybrid  and  assembled  form  for  measurement,  control  and  real-world  signal 
processing. 

IF  YOU  KNOW  THE  MODEL  NUMBER 

Turn  to  the  product  index  at  the  back  of  the  book  and  look  up  the  model  number.  You  will  find  the  Volume- Section-Page 
location  of  any  data  sheet  in  this  volume  or  Volume  II.  You  will  find  additional  references  for  product  categories  not  included 
in  the  Data  Converter  Reference  Manual. 

If  you're  looking  for  a  form-and-function-compatible  version  of  a  product  originally  brought  to  market  by  some  other 
manufacturer  (second  source),  you  may  find  it  by  adding  our  "AD"  prefix  and  looking  it  up  in  the  index.  Or  call  our  nearest 
sales  office. 
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vided for  your  convenience  on  pages  1-5  through  1-9. 
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If  it's  not  a  signal  conversion  product,  it's  probably  in  one  of  the  two  companion  volumes,  the  Linear  Products  Reference 
Manual  or  the  Audio/Video  Products  Reference  Manual.  If  you  don't  already  own  these  volumes,  you  can  have  them  FREE  by 
getting  in  touch  with  Analog  Devices  or  the  nearest  sales  office,  or  phoning  1-800-262-5643. 

See  the  Worldwide  Sales  Directory  on  pages  11-12  and  11-13  at  the  back  of  this  volume  for  our  sales  office  phone  numbers. 
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Analog  Devices  designs,  manufactures  and  sells  worldwide 
sophisticated  electronic  components  and  subsystems  for  use  in 
real-world  signal  processing.  More  than  six  himdred  standard 
products  are  produced  in  manufacturing  facilities  located 
throughout  the  world.  These  facilities  encompass  all  relevant 
technologies,  including  several  embodiments  of  CMOS,  BiMOS, 
bipolar  and  hybrid  integrated  circuits,  each  optimized  for  spe- 
cific attributes— and  assembled  products  in  the  form  of  potted 
modules,  printed-circuit  boards  and  instrument  packages. 

State-of-the-art  technologies  (including  surface  micromachining) 
have  been  utilized  (and  in  many  cases  invented)  to  provide 
timely,  reliable,  easy-to-use  advanced  designs  at  realistic  prices. 
Our  popular  IC  products  are  available  in  both  conventional  and 
siuface-mount  packages  (SOIC,  LCC,  PLCC;,  and  many  of  our 
assembled  products  employ  surface-mount  technology  to  reduce 
manufacturing  costs  and  overall  size.  A  quarter-century  of  suc- 
cessful apphcations  experience  and  continuing  vertical  integra- 
tion insure  that  these  products  are  oriented  to  user  needs.  The 
ongoing  appUcation  of  today's  state-of-the-art  and  the  invention 
of  tomorrow's  state-of-the-art  processes  strengthen  the  leader- 
ship position  of  Analog  Devices  in  standard  ^ata-acquisition  and 
signal-processing  pmdu^:«Q^U«^d¥;lls  a  alKHKipitender  in 
high  performance  mixed-signal  ASICs. 

MAJOR  PROGRESS 

Since  pubUcation  of  the  selection  guides  in  the  1990  Daubook 
Series,  more  than  120  significant  new  products  have  been  intro- 
duced by  Analog  Devices;  they  run  the  gamut  from  brand  new 
product  categories  and  technologies  to  new  standard  products 
(with  improvements  in  price,  performance  or  design)  to  aug- 
mented second-source  products.  In  addition,  the  Analog  Devica 
line  of  IC  products  now  includes  the  products  of  Precision 
MonoUthics,  Inc.,  which  was  acquired  by  Analog  Devices  in 
1990.  The  new  products  are  all  classified  and  simimarized  in 
these  voliunes,  along  with  ezistiag  prochicts  tfasC  are  desirable 
for  use  in  new  designs. 

Examples  of  the  variety  and  innovation  content  of  outstandiiig 
new  ICs  to  be  foimd  in  these  tvn>  vohimes  inchide: 

•  the  AI>V714I/4«/48  Edsun  CEG/DAC  family  of  monoUthic 
RAM-DACs,  designed  to  eliminate  "jaggies"  and  improve 
color  resolution  in  VGA  displays  (Vol.  I) 

•  the  AD28msp02  16-bit  codec,  a  complete  analog  front  end  for 
high-performance  voiceband  DSP  apphcations  (Vol.  I) 

•  the  DAC-8800  and  -8840  TrimDACs™,  which  eliminate  pots 
and  permit  automatic  trimming  of  offsets  and  gains  in  elec- 
tronic circuits  and  systems  (Vol.  I) 

•  the  AD7710/11/12  family  of  21-bit  sigma-delta  a/d  convmeis 
with  complete  on-chip  signal  conditioning  (Vol.  II) 

•  the  AD9100  wideband  low-chstortion  monolithic  track-hold 
amplifier  with  13  ns  acquisition  time  to  0.1%  (Vol.  II) 

•  the  AD1674  12-bit  sampling  a/d  converter,  a  "faster,  better, 
cheaper"  upgrade  for  AD574/674/774  a/d  converter  sockets 
(Vol.  II) 

•  the  AD9O20/9O60  10-bit  TTL/ECL  flash  a/d  converters  with 
sampling  rates  to  75  MSPS  (Vol.  II) 

•  the  AD671  12-bit,  500  ns  a/d  converter  (Vol.  II). 

Many  more  could  have  been  added  to  this  list. 
CDG/I>/IC,Tiiaa>M:a^DSrwdiaictndcaiaiBoCilnla(Oericcs,  be. 


2-VOLUME  DATA  CONVERTER  REFERENCE  MANUAL 

This  two-volume  set  provides  comprehensive  technical  data  on 
Analog  Devices  data-conversion  products,  which  are  involved  in 
spanning  the  interface  between  analog  and  digital  worlds.  It  is  a 
companion  to  the  Linear  Products  Databook,  which  provides  sim- 
ilar data  ft^.  ^;i9tgi^>Ci^«(i^]og  products.  Both  volumes 
contain: 

•  comprehensive  data  sheets  and  package  information  on  a  total 
of  more  than  3S0  significant  product  families 

•  orientation  material  and  selection  guides  for  finding  products 
rapidly 

•  a  representative  list  of  available  Analog  Devices  technical  pub- 
Ucations  on  real-world  analog  and  digital  signal  processing 

•  our  Worldwide  Sales  Directory 

•  the  complete  Product  Index  to  all  data-conversion  and  DSP 
products  listed  in  these  two  volumes  MMluctt  litoed  iSI 
the  Linear  Products  Databook. 

'  ^'  T'a.'  ■  "-f 

Division  of  Product  Groups  between  the  Ti^  Boi^ 

Fo/anw  /  contains  information  on  '  ^  , 

Digital-to-analog  converters  ,  '         'l  "i-  r«v 

Synchro/resolver-to-digital  converters    '  ".  ' 

Communications  products  -.    ,         ,.  ,. 

Digital  panel  meters  i        . .      .  . 

„   .   ,   ■     ,  ,  iOOte^f 

Digital  signal  processmg  products  s»ed  — —u  -a' 

Bus  interface  and  serial  I/O  products  ''^L^  »  ^ 
Apphcation  specific  ICs           ~ ,  - 
Power  supphes. 

Volume  II  contains  information  on: 
Anal(%-Io-digital  converters 

Voltage-to-frequency  and  frequency-to-voltage  conveners 

Sanqjle/track-hold  amplifiers 

Switches  and  multiplexers 

Voltage  references 

Data  acquisition  subsystems 

Analog  I/O  ports 

Application-specific  ICs  ('J . 

Power  supplies. 

The  product  data  in  this  book  are  intended  primarily  for  the 
majority  of  users  who  are  concerned  with  new  designs.  For  this 
reason,  existing  and  available  products  that  offer  httle  if  any 
unique  advantage  over  newer  products  in  future  designs, are. 
listed  in  the  Index,  and  data  sheets  may  be  avaiUbteaepHlQi^^.  - 
but  they  are  not  pubUshed  in  this  book. 

TECHNICAL  SUPPORT 

Our  extensive  technical  literature  discusses  the  technology  and 
plications  of  products  for  real-world  signal  processing.  Besides 
tutorial  material  and  conqndiensive  data  sheets,  including  a 
large  niunber  in  our  Databooks,  we  offer  AppUcation  Notes, 
Application  Guides,  Technical  Handbooks  (at  reasonable  prices), 
and  several  free  serial  publications;  for  example.  Analog 
Productlog  provides  brief  information  on  new  products  being 
introduced,  and  Analog  Dialogue,  our  technical  magazine,  pro- 
vides in-depth  discussions  nf  new  developments  in  analog  and 
digital  circuit  technology  as  applied  to  data  acquisition,  signal 
processing,  control,  and  test.  DS Patch™  is  a  quarterly  newslet- 
ter that  MSsta'JKfidmii^^Matt-^lieMSMr  jb&tp^  on 


GENERAL  INFORMATION  1-3 


our  DSP  products  and  the  general  field  of  digital  signal  process- 
ing. We  maintain  a  mailing  list  of  engineers,  scientists,  and 
technicians  with  a  serious  interest  in  our  products.  In  addition 
to  Databook  catalogs— and  general  short-form  selection  guides 
—we  also  publish  several  short-form  catalogs  on  specific  product 
fiunilies.  You  will  find  typical  publicatioiu'iletetibed  on  pages  ■ 
11-8  to  U-II  at  the  back  of  the  book.  ""■ 

SALES  AND  SERVICE 

Ba«kij«  «p  oui  design  and :  manqfaetimiig  C8pri^ties<  and  W-  * 
extensive  array  of  publications,  is  a  network  of  distiibutiss,  idns 
sdino£g«9«ndie[H«sentadvesthi«WBllo«t<teUlli^^  v 
and  nuEtst  i^sSte  vrorld,  staffed  by  apmim^-aiies  wd  sppSet- 
tions  engineers.  Oai  Worldwide  S>3m1Xtt&g0f  m4dA^vaiili'- 
cation  date,  appmimmmm  ll-l?,:«»ll  IfcH  «t*ft:b!lrtt.o(  !. 
the  book.  iv  Lru;  kv^  if"      jof  ji'  nt  bSj-ri  .•r-i-otm 

RELIABILITY 

The  manufacture  of  reliable  products  is  a  key  objective  at 
Analog  Devices.  The  primary  focus  is  the  companywide  Quality 
Improvement  Process  (QIP).  In  addition,  we  maintain  facilities 
that  have  been  qualified  under  such  standards  as  MIL-M-38S10 
(Class  B  and  Class  S)  for  ICs  in  the  U.S.  and  MIL-STD-1772 
for  hybrids.  Many  of  our  product  —both  proprietary  and 
second-source— have  qualified  for  JAN  part  numbers;  others  are 
in  the  process.  A  larger  number  of  products— including  many  of 
the  newer  ones  just  starting  the  JAN  qualification  process— are 
specifically  characterized  on  Standard  Military  Drawings 
(SMDs).  Most  of  our  ICs  are  available  in  versions  that  comply 
with  MIL-STD-883C  Class  B,  and  many  also  comply  with  Class 
S.  We  publish  a  Military  Products  Databook  for  designers  who 
specify  ICs  and  hybrids  for  miUtary  contracts.  The  1990  issue 
consists  of  two  volumes  with  data  on  343  product  families;  the 
120  entries  in  the  second  of  those  volumes  describe  qualified 
products  manufactured  by  our  PMI  Division.  A  newsletter, 
Anahg  Briefings^,  provides  current  information  about  the  status 
of  reliability  at  ADI. 

Our  PLUS  program  makes  available  standard  devices  (commer- 
cial and  industrial  grades,  plastic  or  ceramic  packaging)  for  any 
user  with  demanding  application  environments,  at  a  small  pre- 
mium. Subjected  to  stringent  screening,  similar  to  MIL-STD- 
883  test  methods,  these  devices  are  su£5xed        and  are 
avaibhte'&om'Me^  ■  ' 


PRODUCTS  NOT  FOUND  IN  THE  SELECTION 
GUIDES 

For  maximum  useftiliiess  to  designers  of  new  equipment,  we 
have  limited  the  contents  of  selectioh  giiideg  to  souidud  prod-  - 
ucts  mbst  likd]F  tii<tlie  i!sid  ^  the  design  of  il£w  dtcuit&  alid 
tftteMii  H  At  model  ntnnisler  of  a  pDa&actfmmi  inmmed  in 
is  ranrai^ltdet,  turn  to  page  11-4  at  diellMiae  W  Ais'vatamt' 
where' 'will  find  » list  ctf 'eUer  products  M^lriiii^  dsca  'ibeelsi 
are  available  upon  request/  On  page  ll-S  you  Will  ^H&'t  glMe"^- 
to  s\rt!Sttotions  (wheijet  pc»^^)  for  products  no  longs' 
avidlabl^ 

lO'iMibodying  combinations  of  functions  that  you  need  but 
caiinot  ffiid  among  our  standard  offerings  may  be  available  to 
meet  yaat  spedSe  requirements  as  custom  designs.  Consult  the 
seetirai  in^Hns  bo^  on  Application  Spec^  ICs— and/or  get  in 

touiAi»telWinig:EMc^-         UnavoEauigiiMa'  -•  iJi'  ^ 

PRICES  :    ;  , 

Accurate,  up-to-date  prices  at  na  important  craisideration'  jit 
making  a  dimce  lEoaang'tbe  many  srailahle  product  finniliet. 
Since  prices  are  sbbjea  to'^ange,  current  price  lists  and/or 
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AD7225  -  LC^MOS  Quad  8-Bit  DAC  with  Separate  Reference  Inputs  2-279 

AD7226  -  LC^MOS  Quad  8-Bit  D/A  Converter   2-291 

PM7226A/7226  -  Quad  8-Bjt  CMOS  D/A  Converters  with  Voltage  Output  2-303 

AD7228  -  LC^MOS  Octal  8-Bit  DAC  2-323 

AD7228A-LC?MOS  Octal  8-Bit  DAC   .  .  .  .".  .  .  .  2-331 

AD7233  -  LC^MOS  12-Bit  Serial  Mini-DIP  DACPORT  .   ;   2-339 

AD7237/7247  -  LC'MOS  Dual  12-Bit  DACPORTs   .  .  .  .   2-347 

AD7242/7244  -  LC^MOS  Dual  Complete  12-Bit/14-Bil  Serial  DA&'  2-359 

AD7243  -  LC^MOS  12-Bit  Serial  DACPORT  '.  .  .  .  2-371 

AD724W248  -  LC^MOS  12-Bit  DACPORTs  2-383 

AD72eA)»|4m«|>f*l(^»BSt  DACPORT*  .  .  ?  ...  1  .  ...... .  .  . .  i  .  .        .  .i-385 
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AD7524  -  CMOS  8-Bit  Buffered  Multiplying  DAC   •  •o.^.-:*..-.-  •  2-399 

PM7524  -  CMOS  8-Bit  Buffered  Multiplying  D/A  Converter   2^5 

AD7528  -  CMOS  Dual  8-Bit  Buffered  Multiplying  DAC   2^15 

PM7528  -  Dual  8-Bit  Buffered  Multiplying  CMOS  D/A  Converter   2-423 

1^      AD7533  -  CMOS  Low  Cost  10-Bit  Multiplying  DAC  , ,  ,  .  ,  .  ,  .  .  ,       .       vvt  <  •  ■  ■.w^fW•^r9■?^•^sn  ■  ■  •  2-*^' 

PM7533  -  CMOS  Low  Cost  10-Bit  Multiplying  D/A  Converter  2-445 

AD7534  -  LC^MOS  (j,P-Compatible  14-Bit  DAC  2-455 

AD7535  -  LC^MOS  nP-Compatible  14-Bit  DAC  ....  .^^  .       ,  . ,    ,  ..^  ,   2-467 

AD7536  -  LC^MOS  14-Bit  (xP-Compatible  DAC  .  .  .  ?  •  •    n  •  ■  -  - ,     •  ■  ..  •  ■  •  •  •  -.  •  •  •■  2-479 

AD7537  -  LC^MOS  (8  +  4)  Loading  Dual  12-Bit  DAC   .  . '.   .  .  .  ,  2:.^91;. 

AD7538  -  LC^MOS  (iP-Compatible  14-Bit  DAC  2-499 

AD7541A  -  CMOS  12-Bit  MonoUthic  Multiplying  DAC  2-507 

PM7541A  -  CMOS  12-Bit  Monolithic  Multiplying  CMOS  D/A Convanx. f  •      .  ,.•  '-,k-,c  -,• ...  •  -i...-is-r*>  ■  ■  •  2-513 

AD7542  -  CMOS  (iP-Compatible  12-Bit  DAC  2-^525 

PM7542  -  12-Bit  (4-Bit  Nybble  Input)  Multiplying  CMOS  D/A  Convener  2-533 

AD7543  -  CMOS  Serial  Input  12-Bit  DAC  ,   2-545 

PM7543  -  12  Bit  Serial  Input  Multiplying  CMOS  D/A  Converter  ...  ^  .^j,,.  ,  .       .  ■  .■  i^a  liii&air  ■     ■  ■  ■  ^-553 

Ajp^545  -  CMOS  12-Bit  Buffered  Multiplying  DAC   i,     , ..  .;.-f  rftf>f!fl!?>  •  •  •  ^^^^ 

PM7545/7645  -  12-Bit  Buffered  Multiplying  CMOS  D/A  Converters    2-573 

AD7545A  -  CMOS  12-Bit  BuJEeied  Multiplying  DAC  2-585 

AD7547  -  LC^MOS  Parallel  Loading  Dual  12-Bit  DAC   ,       ,  ........  ....  „   2-593 

AD7548  -  LC^MOS  8-Bit  (juP-Compatible  12-Bit  DAC   . ,      . j^,  . .  t>  •   :  ...  2-601 

PM-7548  -  CMOS  8-Bit  (aP  Compatible  12-Bit  D/A  Converter  . »  ,  .  .  .  2^13 

A;^5^  -  LC^MOS  Dual  12-Bit  |iP-Compatible  DAC  2-629 

AD7564  -  LC^MOS  Quad  12-Bit  DAC  .,j„.   2-637 

AD7568  -  LC^MOS  Octal  12-Bit  DAC  .^,,,.„.  ......  ...  . 2-645 

AD7628  -  CMOS  Dual  8-Bit  Buffered  Multiplying  DAC   ^ ,  ,  2-657 

PM-7628  -  Dual  8-Bit  Buffered  Multiplying  CMOS  D/A  Converter  2-665 

AD7837/7847  -  LC^MOS  Complete  Dual  12-Bit  MDACs   2-681 

AD7840  -  LC^MOS  Complete  14-Bit  DAC   2-693 

AD7845  -  LC^MOS  Complete  12-Bit  Multiplying  DAC   .  '  •  :  r+,  •  •  ■  •  •  •  •  '  ••■  •  ■  ■  2-709 

AD7846  -  LC^MOS  16-Bit  Voltage  Ouput  DAC  ...    .  .  2-721 

AD7848  -  LC^MOS  Complete  12-Bit  DAC  with  DSP  Interface   2-735 

AD9701  -  250  MHz  Video  Digital-to-Analog  Converter  2-747 

AD9712/9713  -  12  Bit  100  MSPS  D/A  Converters  2-753 

AD9712A«713A  -  12-Bit  100  MSPS  D/A  Converters  .....  .  .     .         , .  .   .  ,i.  ,f,  ......  2-761 

AI)9720/9721  -  10-Bit  300  MSPS  D/A  Converters       2-765 

AD9768  -  Ultrahigh  Speed  IC  D/A  Converter  2-769 

AD75004  -  Quad  12-Bit  D/A  Converter   •••••>  •  •  >  A  v(  .•  -  2-773 

AD75069/75089/75090  -  Monolithic  Octal  12-Bit  DACPORTS  ,^  ........  ,   .  .  2-777 

AD  DAC80/DAC85/DAC87  -  Complete  Low  Cost  12-Bit  D/A  Conyoters   2r783 

ApyiOl  -  CMOS  80  MHz  Tts*:  8-Bit  VMeo  DAC   .  .  .  !  .  /  2-793 

ApV453  -  CMOS  6i6  MHz  MonoUthic  256  x  24  Color  P^ette  RAM-DAC  2-799 

Abv473  -  CMOS  100  MHz  Trne-Color  Gratto  Triple  .  .  ,    . ,       .  .  .'.r.j^i^sgjt.^ifc  <  =  .  2^5  , 
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ADV476  -  CMOS  MonoUthic  256  x  18  Color  Palette  RAM-DAC   2-817 

ADV477/475  -  CMOS  80  MHz  Monolithic  256  Word  Power-Down  Color  Palette  RAM-DACs   2-827 

ADV478/471  -  CMOS  80  MHz  Monolithic  256  x  24  (18)  Color  Palette  RAM-DAC   2-839 

ADV7120  -  CMOS  80  MHz  Triple  8-Bit  Video  DAC  ,  2-851 

ADV7121/7122  -  CMOS  80  MHz  Triple  10-Bit  Video  DAC   ,  .  ,  2-857 

ADV7141/7146/7148  -  CMOS  Continuous  Edge  Graphics  RAM-DAC  (CEG/DAC)   2-869 

ADV7150/7152  -  CMOS  170  MHz  True-Color  Graphics  10-Bit  Video  RAM-DACs  ,  .1  2-889 

ADV7151  -  CMOS  170  MHz  Pseudo-Color  Graphics  10-Bit  Video  RAM-DAC   .  ,  ■  ....  2-907 

DAC-08  -  8-Bit        Speed  Multiplying  D/A  Converter  (Universal  Digital  Logic  Interface)  I  ..m.  .|.  .  1  .  .  2-923 

DAC-10  -  10-Bit  High  Speed  Multiplying  D/A  Converter  (Universal  Digital  Logic  Interface)   2-935 

DAC-16  -  16-Bit  High  Speed  Multiplying  DAC   .  ,  ,  2-943 

DAC-100  -  10-Bit  Current-Output  D/A  Converter  .'   ,  j^,  •  I .  g.  1  2-945 

DAC-312  -  12-Bit  High  Speed  Multiplying  D/A  Converter     ..!....!.   '  2-953 

DAC-8012  -  CMOS  12-Bit  Multiplying  D/A  Converter  "With  Memory"  I .  2-967 

DAC-8043  -  12-Bit  Serial  Input  Multiplying  CMOS  D/A  Converter  2-977 

DAC-8143  -  12-Bit  Serial  Daisy-Chain  CMOS  D/A  Converter  2-987 

DAC-8221  -  Dual  12-Bit  Buffered  Multiplying  CMOS  D/A  Converter   .'  2-1001 

DAC-8222  -  Dual  12-Bit  Double-Buffered  Multiplying  CMOS  D/A  Converter   ....  ...  .t.  ......  2-1015 

DAC-8228  -  Dual  8-Bit  CMOS  D/A  Converter  with  Voltage  Output   y.  .  .i  .'.  .  .  .  2-1029 

DAC-8229  -  Dual  8-Bit  CMOS  D/A  Converter  with  Voltage  Output   2-1041 

DAC-8248  -  Dual  12-Bit  (8-Bit  Byte)  Double-Buffered  CMOS  D/A  Converter  ,   2-1053 

DAC-8408  -  Quad  8-Bit  Multiplying  CMOS  D/A  Converter  with  Memory   . !  .     .Q  2-1069 

DAC-8412/8413  -  Quad  12-Bit  DAC  Voltage  Outputs  vitb  Readback  ^  ..........  .  2-1083 

DAC-8426  -  Quad  8-Bit  Voltage  Out  CMOS  DAC  Complete  with  Internal  lOV  Reference  2-1095 

DAC-8800  -  Octal  8-Bit  CMOS  D/A  Converter  .  2-1107 

DAC-8840  -  8-Bit  Octal  4-Quadrant  Multiplying  CMOS  TrimDAC   2-1121 

DAC-8841  -  8-Bit  Octal  2-Quadrant  Multiplying  CMOS  TrimDAC    ;  2-1131 

PM-6012  -  12-Bit  IB#  Speed  Multiplying  D/A  Caavenet  2-1141 
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D/A  Converters 


D/A  CONVERTERS 
(See  following  pages  for  detailed  selection  trees) 


I 


General  Purpose  DACs 


1 


Special  Function  DACs 


Voltage 

Current 

Output 

Output 

1 


Video  Graphics  DACs 


LOGDACs 


PCM  Audio  DACs 


General  Purpose 
Current  Output  DACs 


Parallel  Input 


Serial  Input 


8-Bit 


AD/PM-7524 
AD/PM-7528  (Dual) 
AD/PM-7628  (Dual) 
AD9768 
DAC-08 


AD561 
AD/PM-7533 
AD9720 
AD9721 

DAC-10 

■f .. -J  i.j  '■.}J- 


AD565A  ; 
AD566A 
AD568 
AD668 

AD/PM-7541A 

AD/PM-7542 

AD/PM-7545A 

AD/PM-7548 

PM-7645 

AD9712A 

AD9713A 

DAC-312 

DAC-8012 

PM-6012 

AD7537  (Dual) 

AD7547  (Dual) 

AD7549  (Dual) 

DAC-8221  (Dual) 

DAC-8222  (Dual) 


AD7534 
AD7535 
AD7536 
AD7538 


DAC-li6 


D r. 


10-Bit 

12-Bit 

14^it 

16-Bit 

-.   "  % 
-  \ 

<   ■  » 

IX-Biit 

AD/PM-7543 
DAC-8043  (8-Pin) 
DAC-8143 
AD7568  (Octal) 


Selection  Tree 

D/A  Converters 


General  Purpose 
Voltage  Output  DACs 


Parallel  Input 


8-Bit 


AD557 
AD558 
AD/PM-7224 
AD7569  (I/O  Port) 
AD7669  (Dual,  I/O  Port) 
AD7769  (Dual,  I/O  Port) 
DAC-8228  (Dual  MDAC) 
DAC-8229  (Dual) 
AD7225  (Quad) 
AD/PM-7226  (Quad) 
DAC-8426  (Quad) 
AD7^j(iC]|ctal) 


12-Bit 


AD667 

AD767 
AD7245A 
AD7248A 
AD7845  (MDAC) 
AD7237  (Dual) 
AD7247  (Dual) 
AD7837  (Dual  MDAC) 
AD7847  (Dual  MDAC) 
AD390  (Quad) 
AD394  (Quad  MDAC) 

AD395(QuadMDAQ 
M664(QuadMDACiK 

DAC-8412  (Quad) 
DAC-8413  (Quad) 
AD75004  (Quad) 
AD75069  (Octal) 


Serial  Input 


14-Bit 


AD7840 

AD396  (Quad  MDAC) 


16-Bit 


AD569  (MDAC) 
AD669 
AD113&  ; 
AD7846  (MDAO 


18-Bit 


T 


8-Bit 


DAC-8800  (Octal  TrimDA 
DAC-8840  (Octal  TrimDA 
DAC-8841  (Octal  TrimDA 


12-Bit 


AD7233  (8-Pin) 

AD7243 
AD7242  (Dual) 


14-Bit 


AD7840 
AD7244  (Dual) 


16-Bit        — ' 

 '  Ti^bnf 

AD766  


o 

CI 


g 
i 


t 


Special  Function  DACs 


1  V  9 


Video  Graphics 

I 


LOGDACs' 


X 


Triple  DACs 

■)'  •<.■ 

Single  DACs 

AD9701 

AD7111  (0.375  dB  Res) 
AD7118  (1.5  dB  Res) 
DAC-86  (U-255  Law) 
DAC-88  (U-255  Law) 
DAC-89  (A-Law) 


Workstation 
Giaphics 


PC 
Graphics 


ADV7150  (10-Bit/True  Color) 
ADV7151  (10-Bit/Pseudo  Color) 
ADV7152  (10-Bit/True  Color) 


with  RAM 


w/o  RAM 


6-Bit 


ADV471 
ADV476 

ADV7141  (CEG®) 
ADV7146  (CEG®) 


8-Bit 


ADV7120 


10-Bit 


:8*Bit 


ADV7121 
ADV7122 


ADV478 
ADV7148  (CEG®) 
.  ADV453 
ADV473 


PCM  Audio 


16-Bit 


AD1851 
AD1856 

AD1866  (Dual/SS) 


18-Bit 


AD1860 
AD1861 
AD1864  (Dual) 
AD1865  (Dual) 
AD1868  (DuaVSS) 


20-Bit 


AD1862 


i   1    rf  f  ' 


SS  —  Single  Supply 

CEG®  —  Continuous  Edge  Graphics  smooths  lines  md 
iisaea»ie8  @Qto  resolution  in  VGA*  compatible  systems. 


*VGA  is  a  tndenuric  of  btanaHonal  Bnaiiicn  Machines  Corp. 
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Selection  Guide 

Digital-to-Analog  Converters 


Single  DACs,  Current  Output 


SettUng 

Time 

Bus 

Reference 

Res 

lis 

Interface 

Volt 

Package 

Model 

Bite 

typ 

Bite' 

lnt/Ezt(M)^ 

Options' 

AUt/Do 

Q 

o 

n  AAC 
U.UII3 

fi  ..D 

— i.^D  V)  int 

\    A  ■  •  - 

1,  4  : 

n  AC-MI 

Q 

5 

A  AQG 

o 

o 

cxt  (At; 

'x  A  a. 
2,  3,  4,  6 

A  ff\ 

UAL.-/U 

8 

0.085 

8 

10  Vj  Ext 

T  a 
Z,  3 

PM  70d 

5 

n  in 

5, 

CXI  \Pt\.) 

%    A    K.  f. 

3y  4,  J,  0 

D 
O 

ii  in 
u.xu 

fi  .up 

0,  (If 

'7    H    ^    C  £ 
£,  i,  4,  3,  6 

Q 
O 

U.Z3 

o 
o 

EXt  (,iVlJ 

T^AP  i^nsA 

Lfl\\j-  LJ\Jot\ 

Q 
O 

o 
o 

EXT  (,XVIJ 

a           "  ' 
J  ... 

g 
o 

fi  llp 

a  I 

in 

A  AAC 

1A 

•UK  ) 

A  J,  3,  14 

AD9721 

10 

0.005 

10 

Int  ) 

2,  3,  5,  14 

UAi>lU 

111 

A  AfiC 

1    t  A 

ALOOl 

1A 

A  7C 

tA 

int 

DAC-100 

10 

0.300 

10 

6.6  V,  Int 

3 

A  ^nn 

U.jUU 

in 

CXI  ^in^ 

a 

in 

U.  jUU 

in 

a 

.9 

DAC-89 

10 

0.500 

10 

Fvr 

4  .  !■ 

3 

PM-7533 

10 

0.60 

10 

CXI  \S^\) 

2,  3,  5,  6 

10 

U.DU 

in 

CXI 

Z,  J,  ^,  J,  D 

AD9712A 

12 

0.022 

12 

Int 

2,  3,  5,  14 

AD9713A 

12 

0.027 

12 

Int 

2,  3,  5,  14 

AD9712 

12 

0.030 

12 

-1.2  V,  Int 

2,5 

AD9713 

12 

0.030 

12 

-1.2  V,  Int 

2,5 

ADS68 

12 

0.035 

12 

bt 

3.4 

AD668 

12 

0.05 

12 

Ezt(M) 

3 

ADS6SA 

12 

0.25 

12 

10  V,  Int 

1 

DAC-8043 

12 

0.25 

Serial,  (iP 

Ext(M) 

2,3 

PM-7542 

12 

0.25 

4,(»P 

Ezt(M) 

2,  3,  4,  6 

AD7542 

12 

0.25 

4,|iP 

Ext(M) 

1,  2,  3,  4,  5 

*PM-6012 

12 

0.25 

12 

Ezt(M) 

2,  3,6 

DAC-312 

12 

0.25 

12 

Ezt(M) 

2,3.6 

AD  DAC80-I 

12 

0.30 

12 

6.3  V,  Int 

1 

AD  DAC85-I 

12 

0.30 

12 

6.3  V,  Int 

1 

AD  DAC87-I 

12 

0.30 

12 

6.3  V,  Int 

1 

AD566A 

12 

0.35 

12 

10  V,  Ext 

1 

AD7543 

12 

0.35 

Serial,  |iP 

Ext(M) 

1,  2,  3,  4,  5,  < 

DAC-81« 

U 

0.38 

Serial,  |iP 

Ezt(M) 

2.3,« 

PM-7543 

U 

0.38 

Serial,  |tP 

Ext(M) 

2.  3,  5,  «  ,i 

PM-7541A 

12 

0.60 

U 

Eit(M)  , 

2,3,4,5,6 

AD754U 

U 

0.<0 

12 

Ext(M) 

Temp 

Rai|ge^  Page  Commente 

C,  M  CI  2-769  Ultraliigii  Speed,  ECL  Compatible,  20 mA Ontpnt Cntmit 

C,  I,  M  CI  2-923  8-Bit  High  Speed  Multiplying  DAC 

C  C  I  11-4  2-Digit  BCD  High  Speed  Multiplying  DAC 

C,  I,  M  CI  2-405  CMOS,  Low  Cost,  8-Bit  Mult^i^fing  DAC  with  Latch 

C,  I,  M  CI  2-399  CMOS,  Low  Cost,  8-Bit  Mnll^^mg  DAC  «M  Latch 

C,  I  C  I  11-4  8-Bit  Multiplying  DAC 

M  CI  11-4  8-Bit  Multiplying  DAC 

I,  M  C  I  11-4  BYTEDAC  8-Bit  High  Speed  Multiplying  DAC 

C,  M  CI  2-765  Ultrahigh  Speed,  ECL  Compatible,  Low  Power,  Low  ditch 

C.  M  CI  2-765  Ultrahigh  Speed,  TTL  Compatible,  Low  Power,  Low  Glitch 

C,M  CI  2-935  10-Bit  High  Speed  Mnhip^ing  DAC  _ 

C,  M  CI  2-SS  Indnstry  Standard  10-Bit  DAC,  JAN  Part  Available 

C,  I,  M  CI  2-945  10-Bit  Current  Output  DAC 

I  CI  11-4  COMDAC  Companding  DAC  (U-255  Law) 

I  C I  ll-»  COMDAC  Companding  DAC  (U-255  Law) 

I  C  I  11-4  COMDAC  Companding  DAC  (A-Law)  " ' ' 

C,  I,  M  CI  2-445  CMOS,  Low  Cost,  10-Bit  Multiplying  DAC 

C,  I,  M  CI  2-439  CMOS,  Low  Cost,  10-Bit  Multiplying  DAC 

C,  M  CI  2-761  ECL  Compatible,  Low  Glitch,  0.5  LSB  DNL  Typ 

CM  CI  2-761  TTL  Compatible,  Low  GUtch,  0.5  LSB  DNL  Typ 

CM  CI  2-753  ECL  Compatible  Inputs,  Low  Glitch 

CM  CI  2-753  TTL  Compatible  Inputs,  Low  Glitch 

C.  M  CI  2-71  Highest  Accmacy  12-Bit  Ultrahigh  Speed  DAC 

C,M  CI2-123  Mnlt^ying  l^«t  Ultrahigh  Speed  DAC 

CM  CI2-63  IndtutryWoiUiorse  Highspeed,  JAN  Part  AvaihiUe 

C,  I,  M  CI  2-977  8-Pin  Serial  Input  12-Bit  CMOS  Multiplying  DAC 

C,  I,  M  CI  2-533  CMOS,  Nibble  Load  12-Bit  Multiplying  DAC 

C,  I,  M  CI  2-525  CMOS,  Nibble  Load  12-Bit  Multiplying  DAC 

I  C  I  2-1141  Low  Cost,  High  Speed  12-Bit  Multiplyfilg  DAC 

CM  CI  2-953  12-Bit  High  Speed  Multiplying  DAC 

C  C  I  2-783  Industry  Standard,  High  Speed  DAC 

I,  M  CI  2-783  Improved  Industry  Standard,  High  Speed  DAC 

I,  M  CI  2-783  Improved  Industry  Stabdaid,  ISgh  SpeciM@T' 

CM  CI  2-63  High  Speed  DAC 

C  I.  M  CI  2-545  CMOS,  Serial  Load  12-Bit  Mnttiplying  DAC 

I,  M  C 12-987  12-Bit  Serial  Input  DAC 

CI,M  C  I  2-553  CMOS,  Serial  Load  12-Bit  Multiplying  DAC  Chain 

CI.M  Cl2-5i3  QMOS,  12-Bit  MultqrfyiiW  DAC 

e,-^-m  eTirm—  cmos,  i2-Bit  Muu^bmig  dac 


Settling 


tune 

Bus 

Reference 

Dab 

Kes 

|«.S 

Interface 

Volt 

Packagt 

lemp 

jyiodci 

>■} 

oits 

ini/iuu  \M.) 

Options' 

Page 

Comments 

DAC-SOlz' 

12 

1.0 

U.(iP 

Eit(M) 

2,3,5 

G,I,M 

CI  2-967 

12-Bit  CMOS  DAC  with  Memmy  amd  Readback 

PM-7S48 

12 

1.0 

8,  |iP 

Ezt(M) 

?,  3,  5,  6 

.  £,I,M 

Q J  2-613 

jCMOS,  ^rteXsod  12-Kt  DAC,  Singly  jjc  Dul  Saffitf 

AD7548 

12 

1.0 

8,  (iP 

Ext(M) 

2,3,4,5,6 

C,I,M 

CI  2-601 

CMOS,  ^te  Load  12-Bit  DAC,  Sing^  or  Dnal  Sl^^ 

AD562 

12 

1.5 

12 

Ext 

1 

C,  I,  M 

C  I  2-59 

Industry  Standard,  JAN  Part  AvaQaUe,  a,;^  g,.,:i^r,y 

AD563 

12 

1.5 

12 

2.5  V,  Int 

1: 

C,  M 

C  I  2-59 

Industry  Standard  . 

AD7545A 

12 

1.0 

12,  (iP 

Ext(M) 

2,  3,  4,  5 

C,  I,  M 

C  I  2-585 

CMOS,  Improved  AD7545 

PM-7545 

12 

1.0 

12,  (iP 

Ext(M) 

2,  3,  4,  5,  6 

C,  I,  M 

C  I  2-573 

CMOS,  Parallel  Load  12-Bit  Multiplying  DAC 

PM-7645 

12 

1.0 

12,  |JiP 

Ezt(M) 

2,  3,4 

C,  I,  M 

C  I  2-573 

PM-7545  Specified  for  +15  V  Operation 

AD7545 

12 

2.0 

12,  |iP 

Ert(M) 

2,  3,  4,  5 

C,  I,  M 

C  I  2-565 

CMOS,  Parallel  Load  12-Bit  MnU^lying  DAC 

AD7534 

14 

1.5 

8,  »iP 

Ezt(M) 

2,  3,5 

C,  I,  M 

C  I  2-455 

CMOS,  Byte  Load 

AD753S 

14 

1.5 

8/14,  |iP 

Ezt(M) 

2,  3,  4,  5 

C,I,  M 

CI  2^7 

CMOS,  Parallel  or  Byte  Load                                ;  , 
CMOS,  Parallel  or  Byte  Load,  Bipolar  Output 

AD7S36 

14 

1.5 

8/14,  |iP 

Ezt(M) 

2,  3,  4,  5 

C,I,  M 

CI  2-479 

AD7S38 

14 

1.5 

14,|iP 

Ezt(M) 

2,  3,6 

C,I,  M 

CI  2-499 

CMOS,  Parallel  Load 

*ADI8S1 

16 

0.35 

Serial,  |iF 

Int 

2,6 

C 

C I  2-173 

16-Bit  16  X  Fs  PCM  Audio  DAC 

AD1856 

16 

0.35 

Serial,  |>P 

Int 

2,6 

C 

C  I  2-183 

16-Bit  PCM  Audio  DAC 

*DAC-16 

16 

0.5 

16 

Ezt(M) 

1,2 

.  I,M 

CI  2-943 

16-Bit  High  Speed  Multiplying  DAC 

AD  DAC71-I 

16 

1.0 

16 

6.3  V,  Int 

1.7 

C 

CI  11^ 

High  Resolution  16-Bit  DAfJ  ^ 

High  Resolution  16-Bit  DAQ, .  ..j 

18-Bit  PCM  Audio  DAC      „            ,  ':  ' 

18-Bit  16  X  Fs  PCM  Andio  DAlQ   '    . ',.  . 

AD  DAC72-I 

16 

1.0 

16 

6.3  V,  Int 

1,7 

C,I 

CI  11-1 

AD1860 

18 

0.35 

Serial,  iiV 

Int 

2,6 

c 

C  I  2-191 

*AD1861 

18 

0.35 

Serial,  (iP 

Int 

2,6 

c 

C  I  2-173 

*AD1862 

2G 

0.35 

Serial,  |iiF 

Int 

2 

c 

C I  2-203 

20-Bit  Audio  DAC 

r- 

I 


8 


^This  column  lists  the  data  format  for  the  bus  with  "pP"  indicating  microprocessor  capability— i.e.,  for  a  12-bit  converter  8/12,  fiP  indicates  that  tlie  data  can  be  formatted  for  an  8-bit  bus  or  can  be  in  parall 
(12  bits)  and  is  microprocessor  compatible.  .  ■ 

^Ext  indicates  external  reference  with  the  range  of  voltages  listed  where  appUcable.  Ext  (M)  indicates  external  reference  with  multiplying  capabiUty.  Int  indicates  reference  is  internal.  A  voltage  va^'is  given 
reference  is  pinned  out. 

^Package  Options:  1-Side-Brazed  Dual-In-Line  Ceramic;  2-Flaitic  Molded  Dnal-In-Line;  3-Cenlip;  4-Lcidless  Cli^  Carii^  S-Flastic  Leaded  Chip  Carrier  (PLCQ;  6-Small  Outline  Pukige  (SCHQ;  7-Iloaiid 
metic  Metal  Can  (Header);  14-J-Leaded  Ceramic. 

■Temperatun  Ranges:  C  =  Commercial,  0  to  +70°C;  I  =  Industrial,  -40°C  to  +85°C  (Some  older  products  ^25°C  to  +85°C);  M  =  Military,  -55*C  to  -H25'C.  • 
Bold&oe  Type:.  Product  recommended  for  new  design. 

*New imxliK^^ince die poJdicaticvoStlwmim le^eiit puabool^        :  '    .  iV''  '  .  i 


r.         c  I  i-i  ■ 


'  >  .".  It-.-  rf^  1  ' 
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Digital-to-Analog  Converters 


Single  DACs,  Voltage  Output 


Settling 

Time 

Bus 

Res 

(IS 

Interface 

iviouei 

Bits 

typ 

isits 

AD557 

8 

0.8 

8,  (iP 

AD7569 

8 

1.0 

8,  |iP 

AD5S8 

8 

3.0 

8,  |iP 

*PM7224 

8 

5.0 

8,  |iP 

AD7224 

8 

DAoee 

10 

1.5 

10 

DAC-210 

10 

1.5 

10 

DAC-05 

10 

2.0 

10 

DA&02 

10 

2.0 

10 

,  AD7«48 

12 

2.5 

12. 

]: :  AD7845 

12 

2.5 

12.  (iP 

12 

3.0 

12 

AD  DAC85-V 

12 

3.0 

12 

,  .  ADDAC87-V 

12 

3.0 

12 

AD667 

12 

3.0 

4/8/12,  (jiP 

AD767 

12 

3.0 

12,  H.P 

AD7233 

12 

10  (max) 

Serial,  |iP 

*AD7243 

12 

10  (max) 

Serial 

AD7245A 

12 

10  (max) 

U,^ 

AD7248A 

12 

10  (max) 

8,|rf 

AD7245 

12 

10  (max) 

12, 

AD7248 

12 

10  (max) 

8,  (iP 

AD7840 

14 

2.0 

14/Sefial,  |tP 

*AD7«6 

16 

1.5 

Serial,  |iP 

*AD18S1 

16 

1.5 

Serial  ^.P 

AD1856 

16 

1.5 

Serial,  fif 

AD569 

16 

3.0 

8/16,  |iP 

AD  DAC71-V 

16 

5.0 

16 

AD  DAC72-V 

16 

5.0 

16 

AD7846 

16 

6 

16,|iP 

*AD<69 

16 

8 

16,|iP 

16 

8 

16 

16 

20 

16,  itP 

AD1148 

16 

20 

i6,|iP: , ; . 

Reference 

Volt 

Package 

Temp 

Int/lixt  (Mr 

Options^ 

Range^ 

Page 

Int 

2,5 

C 

CI  2-43 

Int 

2,  3,  4,  5,  6 

C,  I,  M 

cn8-7 

Int 

1,  2,  4,  5 

C,  M 

CI  2-47 

2-12.5  V,  Ext 

2.  3,  4,  5,  6 

C,  1,  M 

C  1  2-267 

2-12.5  V,  Ext 

2,  3,  4,  5,  6 

C,  1,M 

C  I  2-259 

6.7  V,  Int 

1 

CM 

CI  11^ 

7.6  V,  Int 

1 

C,I 

CI  11-4 

6.7  V,  Int 

1 

C,M 

CI  11-4 

6.7  V,  Int 

1 

CM 

CUM 

Int  (+3  V),  Ext 

2,3,5 

CI 

CI  2-735 

Ext  (M) 

2,  3,  4,  5,  6 

C  I  M 

C  1 2-709 

6.3  V,  Int 

1 

c' 

C  I  2-783 

6.3  V,  Int 

1 

I,  M 

C  I  2-783 

6.3  V,  Int 

1 

I,  M 

C  I  2-783 

10  V  Int 

1   2  4  <i 

C  I  M 

C  I  2-115 

10  v!  Int 

1,2 

ciIm 

C  I  2-159 

lot 

2 

I 

C  1  2-339 

Int  (+5  V),  Ext 

2,  3,6 

1,  M 

C  1  2-371 

5  V.Int 

2,  3,  4,  5,  6 

C1,M 

CI  2-385 

5V,Int 

2,  3,  5,  6 

C  1,M 

CI  2-385 

5  V.Int 

2,  3,  4,  5 

CI,M 

C  I  2-383 

5  V.Int 

2,  3,  4,  5 

CI,M 

C  I  2-383 

lBt(+3^^ 

2,3,5 

C,I,M 

CI2-693 

Int   

1,2 

CI,  M 

C  I  2-151 

Int 

2,6 

C 

C  1  2-173 

Int 

2,6 

C 

C  1  2-183 

±5  V,  Ext  (M) 

1,2 

I,M 

CI  2-83 

6.3  V,  Int 

1,7 

C 

C  I  11-4 

6.3  V,  Int 

1,7 

CI 

CI  11^ 

Ext(M) 

1,  2,  4,  5 

CI,M 

C  I  2-721 

10  V,  Int 

2,  3,  6 

1,  M 

C  1  2-139 

6  V,Int 

Module 

C 

CI  11-4 

10  V,  Int 

2 

I  » 

CIU-4 

10  V.Int' 

2 

I 

CIU-4 

Comments 

Lowest  Cost  8-Bit  DACPORT";  Single  +5  V  Supply 

CMOS,  Complete  8-Bit  DAC/ADC/SHA/  Reference 

10  V  Out  DACPORT,  Single  or  Dual  Sapify 

CMOS,  Low  Cost  8-Bit  DAC 

CMOS,  Low  Cost  8-Bit  DAC 

Twos  Complement  Input  Coding 

Sign-Magnitude/Intemal  Reference 

Sign-Magnitude  for  Unipolar  Output 

Sign-Magnltiide/Bipolar  Output 

CMOS,  Con^jlete  12-Bit  DAC  with  S-Wjoid  FIFO 

CMOS,  12-Bit  Multiplying  DAC  witli  OmiNit  AnvUfin 

Improved  Industry  Standard      ■-  •   i .  "n;  ;.i  ■- •  |  t.  ti...i>;; 

Improved  Industry  Standard 

Improved  Industry  Standard 

Highest  Accuracy  Complete  12-Bit  DAC 

Fastest  Interface  Complete  12-Bit  DAC 

SmaUest  12-Bit  Serial  DACPORT  (8-Pin) 

Bipolar  ±5  V  Output  Range 

Low  Cost  12-Bit  Serial  DACPORT  in  16-Pin  Package 

Faster  Interface,  12  V  and  15  V  AD7245 

Faster  Interface,  12  V  and  15  V  AD7248 

CMOS,  12-Bit  Complete  DAC,  Parallel  Load 

CMOS,  12-Bit  Complete  DAC,  Byte  Load 

CMOS,  14-Bit  Complete  DAC,  Parallel  m  Serial  Load 

Zero-Chip  Interface  16-Bit  DSP  DACTORT 

16-Bit,  16  X  Fs  PCM  Audio  DAC 

16-Bit  PCM  Audio  DAC 

Monolithic,  16-Bit  Monotonic  Q/^^^ 

High  Resolution  16-Bit  DAC 

High  Resolution  16-Bit  DAC 

CMOS,  16-Bit  Multiplying  DAC  with  Readback 

Capability  ,^ 

Monolithic,  Complete  16-Bit  DAC  '  >> 

High  Resolution  and  Accuracy 

Internal  8-Bit  Latched  Input  DACs 

for  Ofbet  and  Gain  Adjust 

Separate  8-Bit  Bus  for  Inteinal  QStet  md 

Gain  Adjust  DACs 


3 

I 

o 

I 

3 


Settling 

Time 

Bus 

Reference 

Res 

(18 

Interface 

Volt 

Package 

Temp 

.'<-t,  :,oJ».i-'. 

<yp 

InyExtCM}' 

,  PBtip^\ 

Fage 

Cpmiqents.  ,                  ,        i  » 

'  ''1 

mim  '-. 

Wt 

1.5 

Serial,  |iP . 

ht 

•  C 

:m  2-191* 

U'ffitFCML  Audio  DAC 

18 

1.5 

Serial,  |iP 

Int 

2,6 

c 

■CI  2-173 

1»-Bh,  16  X  Fs  FCM  Audio  BAC 

:■■  aK-f 

DACIBS 

18 

10 

18 

6  V,Int 

Module 

c 

CIll-4 

I£gfa  Resolution  and  Aectutcy'  i' '  ' 

AD1U9 

18 

40 

-M  V,  Ittt 

.  1 

c 

G 1 2-167 

Ttas'  18-Bit  Ae«niai^.      i  !•  •  >  u 

if; 

s  j 

'■  t- 

"r;  .-1.  r  >  ^  r;„-r  if  f  I'J- 

i  ■•'  »'•.  ■. 

yi^eQ  GraphicsDACs 


Rate 


Res 

Update  Rate 

Palette 

Package 

Temp 

Mode! 

Bits 

MHz  min 

Size 

Reference 

Options' 

Range" 

Page 

Comments 

ADV<t76 

6 

66,S0,3S 

256 

I 

2,5 

C 

CI  2-817 

CMOS,  Triple  6-Bit  Color  Palette  RAM-DAC 

*AI>V7146 

W 

66,  50,  35 

256 

I 

2,5 

C 

CI  2-869 

Pin  Compatible  to  ADV476,  INMOS  171/176wil|^5: 

ADV471 

6 

80,  66,  50,  35 

256 

wn 

5 

c 

CI  2-839 

CMOS,  Triple  6-Bit  Color  Palette  RAM-DAc"  ' 

*ADV7141 

6/8 

80,  66,  SO,  35 

256 

V/I 

2,5 

c 

CI  2-869 

Pin  Compatible  to  ADV471  with  CEG 

*ADV477/ADV475 

80,  66,  50,  35 

256 

V  (Int.) 

2,5 

c 

C  1 2-827 

Low  Power,  Power  Down  RAM-DAC    .  .. 

ADV476 

6 

80,  66,  50,  35 

256 

V  (Int.) 

2,5 

c 

C I  2-817 

Low  Power,  Power  Down  RAM-DAC 

ADV478 

6/8 

80,  66,  50,  35 

256 

V/I 

5 

c 

C I  2-839 

CMOS,  Triple  8-Bit  Color  Palette  R/UHiDAlP 

*ADV7148 

6/8 

80,  66,  50,  35 

256 

V/I 

2,5 

c 

CI  2-869 

Pin  Compatible  to  ADV478  with  CEG 

ADV453 

8 

66,40 

256 

V 

2,5 

c 

C 1 2-799 

CMOS,  Triple  8-Bit  Color  Palette  RAM-DAC 

•ADV473 

8 

100,  80,  66,  50, 35 

256 

V/I  (Int.) 

5 

c 

CI  2-805 

True-Color  Video  RAM-DAC  (Tiq>le  8-Bit) 

*ADV101 

8 

80,  50,  30 

'■^ : 

V 

2.5 

c 

C  I  2-793 

CMOS,  Triple  8-Bit  Video  DAC           ■!  uiyt.' 

ADV7120 

8 

80,  50,  30 

V 

2.5 

c 

C  I  2-851 

CMOS,  Triple  8-Bit  Video  DAC 

AD9701 

8 

225 

1.3,4 

I,M 

C  I  2-747 

Single  8-Bit  Video  DAC                     -,  ■  '•  u 

ADV7121 

10 

80,  50,  30 

V 

2,5 

c 

C I 2-«57 

CMOS,  Triple  10-Bit  Video  DAC 

ADV7122 

10 

80,  50,  30 

V 

2,5 

c 

C  I  2-857 

CMOS,  Triple  10-Bit  Video  DAC  .? 

•ADV7I50 

10 

170,  135,  110,  85 

256 

V 

10 

c 

CI  2-889 

High  Speed,  True-Color  Video  RAM-DAC, 
(Triple  10-Bit)  4x1  Multiplexing 

♦ADV7I51 

10 

170,  135,  110,  85 

256 

V 

10 

c 

C  I  2-907 

High  Speed,  Pseudo-Color  Video  RAM-DAC, 
(Triple  10-Bit) 

*ADV7I52 

10 

170, 135,  110,  85 

256 

V 

10 

c 

CI  2-889 

High  Speed,  Pseudo-Color  Video  RAM-DAC, 
(Tr^le  10-Bit)  2  x  1  Mnlt^iS^^' 

'This  column  lists  the  data  fonnat  for  the  bus  with  "P"  indicating  microprocessor  capability— i.e.,  for  a  12-bit  converter  8/12,  |xP  indicates  ±at  the  data  can  be  formatted  for  an  8-bit  bus  or  can  be  in  parallel  (12 
bits)  and  is  microprocessor  compatible. 

'Em  indicates  denial  reference  with  the  range  of  voltages  listed  where  applicable.  Ext  (M)  indicates  external  reference  with  multiplying  capabihty.  Int  indicates  reference  is  internal.  A  voltage  value  is  given  if  the 
reference  is  pnned  out. 

^Package  Options:  1-Side-Brazed  Dual-In-Line  Ceramic;  2-Plaslk  Mdded  Dual-In-Une;  3-Cerdip;  4-Leadkss  a#^l£iBli  S'^FMc  tetod       €««ier  #tedt  tM  7^tm4Mr- 

metic  Metal  Can  (Header);  10-Plastic  Quad  FlaQ^ck; 

temperature  Ranges:  C  =  Commercial,  0  to  +70^;1  -  Iiiduslrisl»  ^40^  #  4^^^  ISiOBie  ^dUT  f 
Boldface  type:  Product  recommended  for  new  design. 
*New  product  ance  the  publication  of  the  most  recent  Databooks. 
OACFORT  is  a  trademark  of  Analog  Devices,  Inc. 


^m^m  m'^m  « $mm,  -S5^«>  +»a 


ro 


1  Digital-to-Analog  Converters 

i  Multiple  DAG$,  Yffltag^  Qi#ut 


Mtidel 

Res 

Settling 
Time 

Bus 

Intnface 

Refeteiiee  ' 
yoltag|B, 

nJJ /voy 

D 

»,  lU" 

ini 

e 
o 

fi  ..I) 

8,  jir 

CXI  V''*^^ 

g 

cxt  {^In) 

AD7769 

8 

2.5 

8,  M.P 

Ext 

DAC-8426 

8 

3.0 

8,nP 

10  V,  Int 

PM-7226A 

8 

3.0 

a,  tip 

Ext(M) 

g 

ft  iiP 

^IZ*?  V)  CXI 

AD7225 

8 

5.0  (max) 

8,|J 

2-12.5  V,  Ext 

DAC-8800 
DAC-8840 

8 
8 

0.8 

3.5 

8,  Serial 
Seriid 

DC,  Ext 
Ext(M) 

*DAC-8841 

8 

3.5 

Serial 

Ext(M) 

AD7228 

8 

5.0  (max) 

8,  ixP 

2-10  V,  Ext 

*AD7228A 

8 

5.0  (max) 

8,  (j-P 

2-10  V,  Ext 

AD75004 

12 

2 

12,|iP 

5  V,  Int 

*AD7242 
AD392 

12 
12 

2 
4 

Serial,  iiP 
12,  jiP  <> 

3V,Int 
lat  • 

AD390 
*AD7837  : 

DA%4M12 

12 
12 
12 
12 

'4 
5 

...5. 

12,  nP 
8,|iP 
12.|iP 
12,|«P 

10  V,  Int 

Ext(M) 

Ext(M) 

*DAC«413 

12 

12.|iP 

Ert  ' 

#  of 

Package 

Temp 
Range* 

Comments                    '       "  - 

Page 

2 

2.5.6 

C,I,M 

Cn8-7 

CMOS,  Conq^eU  S-Bit  Dual 
DAC/ADC/SHAAtefeience 

2 

2,  3,6 

I,  M 

C  I  2-1029 

CMOS,  PM-7528  Pinout  with 
Voltage  Output 

2 

2,3,6 

I,M 

C  I  2-1041 

CMOS,  Single  or  Dual  Supply 
Operation 

2 

2,5 

C,I 

C  II  8-27 

CMOS,  Complete  8-Bit  Dual  DAC/ 
2-Channel  ADC 

4 

2,  3,6 

I,  M 

C  I  2-X095 

CMOS,  Complete  with  10  V  Reference, 
Improved  Timing 

4 

2,  3,6 

I,  M 

C  I  2-303 

CMOS,  Improved  Timing,  Specified 
for  +5  V  to  +15  V  Operation 

8 

2,  3,  4,  5,  6 

C,I,  M 

C  1  2-291 

CMOS,  No  User  Trims,  Specified 
with  Single  or  Dual  Supplies 

4 

2,  3,  4,  5,  6 

C,I,M 

C  I  2-279 

CMOS,  Separate  References  for 
Each  DAC 

8 

2,3,6 

C,I.M 

C 1  2-1107 

Octal  8-Bit  CMOS  DAC  (TrimDAC™) 

8 

2,3,6 

I,M 

C  I  2-1121 

CMOS,  Foar<}iiadrant  Multiplying 
with  Op  Amps 

8 

2,3,6 

I,  M 

C  I  2-1131 

Octal  8-Bit,  Two  Quadrant,  Multiplying, 
TrimDAC,  +5  V  Operation                '  ' 

8 

2,  3,  4,  5,  6 

C,  I,  M 

C  I  2-323 

CMOS,  Specified  for  Single  or 
Dual  Supply,  Skinny  20-Pin  DIP 

8 

2.  3,  5,  6 

C,  I,  M 

C  I  2-331 

CMOS,  Specified  for  Single  or 
Dual  Supply,  Skinny  20-Pin  DIP 

4 

2,5 

C 

C  I  2-773, 
CI  8-1 

Fastest  Quad  12-Bit  Voltage  Output  DAC 

2 

2,  3,6 

C,I 

C  I  2-359 

Complete  ±5  V  12-Bit  Dual  DAC 

4 

8 

c 

CI  11-4 

Fast  Bus  Access  Time  (<40  ns), 
Data  Readback  Capability 

4 

1 

C,  M 

C 1 2-23 

Double  Buffered,  Simultaneous  Update 

2 

2.3,6 

C,I,M 

CI^«81 

CMOS,  MDAC,  Byte  Load,  Double  Bnffewd 

2 

2.  3,  6 

C  I2rm 

CMOS  MDAC,  ParaUel  Load 

4 

1,2,4,5, 

1,M 

CI2-10» 

Readback,  Reset  to  Midscale,  Low  Power 
Quad  DAC,  -»^5  V  to  ±15  V  Operation 

4 

1.2,4,5 

I,M 

CI  2-1083 

Equivalent  to  DAC-8412  with  Reset  to 

Zero  Scale 


Settling 

Bus 

Reference 

Res 

Tiine 

biterfBce 

vwuige 

Tcnip 

inoiici 

Bits 

Rate! 

isns 

inUCZK 

Options 

Range* 

Page 

_ 

C/Onunents 

*AD75M9 

12 

8 

12,|JiP 

5  V,  Int 

8 

5 

C,  I 

C  I  2-777 

Monolithic  Octal  12-Bit  Voltage  Output  DAC 

AD7237 

12 

10  (max) 

8,|iP 

Int  (+5  V),  Ext 

2 

2,  3,6 

C,  I,  M 

CI  2-347 

CMOS,  Complete  12-Bit  Dual  DAC, 
Byte  Load 

AD7247 

U 

10  (m«) 

12,|»P 

Int  (+S  V),  Ext 

2 

2.3,6 

C,  I.M 

CI  2-347 

CMOS,  Complete  12-Bit  Dual  DAC. 
Parallel  Load 

AD664 

12 

10 

12.  uP 

Ext(M) 

4 

1.  2.  4.  5 

C,  I,  M 

CI2-9S 

Readback,  Reset,  Low  Power  Quad  DAC 

AD394 

12 

10 

12.|tP 

Ext(M) 

4 

1 

CM 

CI  2-31 

Four  Indc^ndent  Reference  Iqnits, 
Bipolar  Outputs 

AD395 

12 

10 

12,  |iP 

Ext(M) 

4 

1 

C,M 

CI  2-31 

Four  Independent  Reference  Inputs, 
Unipolar  Outputs 

*AD7244 

14 

2 

Serial,  |if 

+3V,lBt 

2 

2.3,6 

C,I,M 

C  I  2-359 

Complete  ±5  V  14-Bit  Dual  DAC 

AD396 

14 

10 

8,  (iP 

Ext(M) 

.  4 

1 

C,  M 

C  I  2-39 

Four  Independent  Reference  Inputs, 
Bipolar  Output,  Simultaneous  Update 

*AD1866 

16 

Serial 

Int 

2 

2,6 

I 

C  I  2-235 

Dual  16-Bit  Audio  DAC.  +5  V  Single  Siqjply 

*AD1864 

18 

1.5 

Serial,  |iP 

Int  : 

2 

C 

C  I  2-213 

Dual  18-Bit  Audio  DAC 

*AD1865 

18 

1.5 

Serial,  tiP 

Int  : 

2  ".. 

2  .  ■ 

c . 

C  I  2-225 

Dual  18-Bit,  16  x      PCM  Audio  DAC 

*AD1868 

18 

1.5 

Serial,  |iP 

Int 

2 ' 

2,* 

c 

q  I  2-237 

Dual  18-Bit  Audio  DAC,  -1-5  V  Single  Supply 

■This  colmm  lists  the  data  fonnat  for  the  bus  iHtb  f"  inafciirii^'iaiicnyfcoessor  capability— i.e.,  for  A  U-bit  coinarter:W13;  (LP  ilKteiMei!fUa-tKi-&t<>iaia  Hefttmitiedfor  in  S-bit  bin  «t  can  be  in  pudM  (12 
bits)  and  is  microprocessor  compatible.  j 

^Ext  indicates  external  reference  with  the  range  of  voltages  Usted  where  applicable.  Ext  (M)  indicates  external  reference  with  multiplying  capabiUty.  Int  indicates  reference  is  iatemal.  A  voltage  value  is  givai  if  the 
reference  is  pinned  out. 

'Package  Options:  1-Side  B.-azcd  Dual-In-Line  Ceramic;  2-Plasac  Molded  Duai-ln-Line;  B-Cerdip;  4-Leadless  Chip  Carrier;  5-Plastic  Leaded  Chip  Carrier  (PLCC);  6-Small  OutUne  Package  (SOIQi  S-M«ll  Her- 
metic Dual-ln-Line. 

'Temperamre  Ranges:  C  =  Commercial,  0  to  +70°C;  I  =  Indusoial,  -MfC  to  +85"C  (Some  older  ptsdocts  -25°G  to  +8S°C);  M  =  Military,  -55°C  to  +125°C. 


Boldface  type:  Floduct  recommended  for  new  design. 
*New  product  since  the  publication  of  the  most  recent  Databooka. 
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Multiple  DACs,  Current  Output 


Settling 
Time 


Bus 

Interface 


Reference 
Voltage 


#  of  Package 


Temp 


Model 

Bto 

listyp 

Bits* 

Int/E^ 

DACs 

Options^ 

Range" 

Page 

PM7528 

8 

0.18 

8,|«P 

Ezt(M) 

2 

2,3,4,5,6 

CI2-423 

AD7528 

8 

0.18 

8,nP 

Eit(M) 

2 

2,3,4,5,6 

CI  2-415 

DACrSm 

8 

0.19 

8.I.P 

Eit(M) 

4 

2.3,5,6 

C,I,M 

CI  2-1069 

PM-7628 

8 

0.20 

8,1* 

Eit(M) 

2 

2.3,4,5,6 

I,M 

CI2-665 

<AD7&!8 

8 

035 

8.11P 

Ezt(M) 

2 

2,3,4,5.6 

C,I,M 

CI2-6S7 

DAC-8221 

12 

O^te  '  , 

Eit(M) 

2 

2,3,4,6 

C,I,M 

CI  2-1001 

*AD7564 

12 

Eir(Ai) 

-  4.  <" 

■  ■ti 

CI  2^ 

*AD7S68 

12 

1  i 

t       ■  r 

DAC-8212  12  1.0  12  Ext  (M)  2  2, 3, 5  C,  I,  M 

DAC-8222  12  1.0  12,  (jiP  Ext  (M)  2  2, 3, 4, 6  C,  I,  M 

DAC-8248  12  1.0  8,  |iP  Ext  (M)  2  2,3,6  C,  I,  M 

AD7537  12  1.5  (max)  8,  jiP  Ext  (M)  2  2,3,4,5  C,  I,  M 

AD7547  12  1.5  (max)  12,  (jiP  Ext  (M)  2  2, 3, 4, 5, 6  C,  I,  M 

AD7S49  12  1.5  (max)  4,  |iP  Ext  (M)  2  2,3,4,5  C,  1,  M 

*AD1864  18  Serial,  iiP  Int  2  2, 5  C 

*^186S  18  Serial,  |tP  Int  2  2  C 

♦¥p:  .  i*.                 ^-'M'  ''fc     ■■:<  A'  i-'i  : 


c  1 11^ 

C  I  2-1015 
C  1  2-1053 
C  1  2-491 
C  I  2-593 
C  I  2-629 
C  I  2-213 
CI  2-225 

♦i 


Conmients 

CMOS,  Single  Supply  Operatfam,  TTL 
Compatible  at  Vjju  =  +5  V 
CMOS,  +5  V  to  +15  V  Opeiatloii,  TTL 
Compatible  at  Vdd  =  +5  V 
CMOS,  Data  Readback  Memmy  F^metioa, 
Separate  Vkef 

CMOS,  +5  V  or  +15  V  Opcntiaii, 
Improved  Timing 

CMOS,  +12  V  to  +15  V  Opentkm,  TTL 
CompMiHeatVDD  =  12Vtol5V 
CMOS,  BnSieted  Inpnte,  +5  V  (^raatiim 
Siagle  +5  V  Sniipiy,  S^aiate  Refeieiioes, 
28-Piii  SOIC  PadcRce 

Single  +5  V  Snp^,' Sci«d^''i^^^ic^, ' 
44-Pin  PQFP 

CMOS,  +5  V  or  +15  V  Single  Supply  Operation 

CMOS,  Double  Buffered  Inputs,  Parallel  Load 

CMOS,  Double  Buffered  Inputs,  Byte  Load 

CMOS,  Byte  Load,  Double  Buffered       '  ". 

CMOS,  Parallel  Load 

CMOS,  Nibble  Load,  Double  Buffered 

Dual  18-Bit  Audio  DAC 

Dual  18-Bit,  16  x  Fg  PCM  Audio  DAC 


B^ncocc  {abate' 
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r' : 


i'i 


c  »' 
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LOGDAC 


Res 

Full-Scale 

Accuracy 

Package 

Temp 

Model 

dB 

Range  dB 

dB 

Options^ 

Range' 

Pj«e 

Comments 

AD71H 

0.375 

88.5 

0.17 

2,  3,  4,  6 

C,I,M 

CI  2-247 

Low  Distortion 

AD7118 

1.5 

88.5 

0.35 

2,  3,  4,  5,  6 

C,  I,  M 

C I  2-253 

CMOS 

'Th^  column  lists  the  data  format  for  the  bus  with  "pP"  indicating  micropitKessor  capability— i.e.,  for  a  12-bit  converter  8/12,  |iP  indicates  that  the  data  can  be  formatted  for  an  8-bit  bus  or  can  be  in  parallel  (12 
bits),  and  is  microprocessor  compatible. 

^Eit  indicates  external  reference  widi  the  range  of  voltages  listed  where  applicable.  Ext  (M)  indicates  external  reference  with  multiplying  capability.  Int  indicates  reference  is  internal.  A  voltige  value  is  given  if  the 
ieS^tucc  is  piimed  out. 

'Fkcfage  Options:  2-Plasdc  Molded  Dual-ln-Line;  3-Cerdip;  4-Leadless  Chip  Carrier;  S-Plastic  Leaded  Chip  Carrier  (PLCC);  6-Sniall  OutUne  Package  (SOIC);  10-Plastic  Quad  Fhtpadc. 
*ran|ientan  Ranges:  C  =  Commercial,  0  to  +70°C;  1  =  Industrial,  -40°C  to  +85°C  (Some  older  ptvducts  -25°C  to  +85X);  M  =  MiUtaty,  -55°C  to  +  125°C. 
Bold&ce  Type:  Pioduct  recommended  for  new  design. 
*Ncw  pnxlua  since  the  publication  of  the  most  recent  Databooks. 
LOGDAC  is  r  trademark  of  Analog  Devices,  Inc. 
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Orientation 

Dlgltal-to-Analog  Converters 


INTRODUCTION 

A  D/A  converter  accepts  a  digital  input  and  produces  an  analog 
output.  The  basic  DAC  consists  of  a  voltage  or  current  reference, 
binary-weighted  precision  resistors,  a  set  of  electronic  switches, 
and  a  means  of  slimming  the  weighted  currents. 

Three  in^rtant  criteria  for  selecting  a  good  DAC  are  resolution, 
accuracy,  and  speed.  Other  essential  requirements  to  be  considered 
are  temperature  stability,  input  coding,  output  format,  reference 
requirements,  and  power  consumption. 

In  this  catalog  there  are  listed  some  136  different  fiunilies  of 
digital-to-analog  converters  (DACs).  If  one  were  to  consider  all 
Ae  variations,  there  would  be  several  times  that  number  among 
vrtiich  to  dioose.  The  reason  for  so  many  different  types  is  the 
number  of  degrees  of  ficeedom  in  selection  -  technological,  func- 
tional, performance  and  package.  Complete  information  on 
convoters  may  be  found  in  the  700-page  book,  Anahg-D^ital 
Conversion  Handbook,  publi^ed  by  Prraitice-Hall,  Inc. 

FUNCTIONAL  CHARACTERISTICS 

The  basic  structure  of  all  conventional  D/A  converters  involves 
a  network  of  precision  resistors,  a  set  of  switches  and  some  form 
of  level-shifting  to  adapt  the  switch  drives  to  the  specified  logic 
levels.  In  addition,  the  device  may  contain  output-conditioning 
circuitry,  an  output  amplifier,  a  reference  amplifier,  an  on-board 
reference,  on-board  buffer  registers  (single-  or  dual-rank),  con- 
figuration conditioning  and  even  high-voltage  isolation. 

Basic  DAC 

This  form  which  supplies  a  current,  and  consequently  a  small 
voltage  across  its  internal  impedance  or  an  external  low-impedance 
load,  is  used  principally  for  high  speed,  for  example,  the  10ns 
HDM-1210.  Basic  current-output  DACs,  such  as  the  AD565A, 
are  inherently  fast,  but  additional  elements  (such  as  an  output 
op  amp),  furnished  by  the  user  to  meet  overall  system  specs, 
slow  down  the  conversion.  Some  popular  CMOS  IC  devices, 
such  as  the  AD7543  and  the  AD7524,  are  quite  simple  (and 
correspondingly  low  in  cost),  but  they  usually  require  a  buffering 
op  amp. 

While  the  basic  DAC  fimction  is  almost  always  linear,  there  are 
exceptions.  For  example,  the  AD7111  LOGDAC,  which  has 
linear  two-quadrant  analog  response,  has  a  digitally  controlled 
exponential  gain  fimction,  i.e.,  0.375dB  per  bit;  thus  its  gain  at 
the  input  code  1000  0000  (binary  128)  is  -4gdB  (48  X  0.37S), 
and  the  analog  output  swing  for  lOV  p-p  input  is 

« ,7  /'o.sysN'i 

0.04  p-pViH  to  «xp  -  I — jQ—  I. 

Similarly,  companding  DACs  such  as  the  DAC-86,  DAC-88, 
and  DAC-89  have  a  well-defined,  nonlinear  transfer  function. 

They  are  constructed  such  that  the  more  significant  bits  of  the 
digital  input  have  a  larger  than  binary  relationship  to  the  less 
significant  bits.  This  decreases  the  resolution  of  the  more  signif- 
icant bits,  which  increases  the  analog  signal  range.  The  effect  of 
this  is  to  compress  more  data  into  the  more  agnificant  bits  (see 
Definitions-Companding  DACS). 

Output  Conditioning 

The  analog  quantity  that  is  the  "output"  of  a  DAC,  tepresentrng 
the  input  digital  data  may  be  a  "^un"  (multiplying  DAC),  a 


current  and/or  a  voltage.  In  order  to  obtain  a  substantial  voltage 
output  at  low  impedance,  an  op  amp  is  required.  It  is  often 
provided  by  the  DAC  itself  (whether  monolithic,  modular  or 
hybrid),  but  many  permit  the  user  to  choose  an  external  op  amp 
that  will  meet  the  particular  needs  of  t^e  application  in  stability, 
speed  and  cost. 

Many  DACs  provide  one  or  more  feedback  resistors;  they  are 
matched  to,  and  thermally  track,  resistances  in  the  network  so 
that  an  external  op  amp,  if  used,  will  not  require  an  external 
feedback  resistor  that  might  introduce  tracking  errors.  If  more 
than  one  feedback  resistor  is  provided,  a  choice  of  analog  output 
voltage  ranges  becomes  available,  e.g.,  0  -  5V  full-scale  or  0  - 
lOV  full-scale.  If  bipolar  output-voltage  ranges  are  specified,  a 
bipolar-offset  resistor  is  provided  to  subtract  a  half-scale  value 
from  the  current  flowing  through  the  op  amp  summing  point;  it 
is  usually  derived  from  the  DACs  reference  (or  analog)  input  to 
avoid  additional  tracking  error.  Multiplying  DACs  use  an  internal 
or  external  op  amp  for  bipolar  offset. 

In  order  to  avoid  difficulties,  the  user  must  pay  special  attention 
to  the  specified  output  polarity,  its  relationship  to  the  reference 
(if  external)  and  to  the  input  digital  code.  This  can  be  Especially 
tricky  if  the  output  is  bipolar  and  the  input  requires  a  com- 
plementary (negative-true)  digital  coding.  Another  such  case  is 
where  a  current-output  DAC,  specified  for  a  particular  output- 
voltage  polarity  when  used  with  an  inverting  op  amp,  is  used  in 
a  mode  that  develops  an  output  voltage  passively  (without  the 
op  amp)  across  an  external  resistive  load.  In  addition  to  polarity, 
in  this  case,  the  user  should  be  aware  of  the  output-compliance 
constraint  and  the  specified  resistive  oanponent  of  ou^lS 
impedance. 

Reference  Input 

The  reference  may  be  specified  as  external  or  internal,  fixed  or 
variable,  single  polarity  or  bipolar.  If  internal,  it  may  be  perma- 
nently connected  (as  in  the  AD561)  or  optionally  connectible  (as 
in  the  AD565A).  If  the  DAC  is  a  4-quadrant  multiplying  type, 
the  reference  (or  "analog  input")  is  external,  variable  and  bipolar 
(e.g.,  AD7533,  AD7541,  AD7541A,  etc.).  The  user  should 
check  a  converter's  specifications  to  determine  whether  the  fiill- 
scale  accuracy  specifications  are  overall  or  subd^ded  mt6  a 
converter-gain  spec  and  a  reference  spec. 
Digital  DaU 

There  are  a  niunber  of  ways  in  which  converters  differ  in  regard 
to  the  input  data:  first,  the  coding  must  be  appropriate  (binary, 
offset-binary,  twos  complement,  BCD,  arbitrary,  etc.),  and  its 
sense  should  be  understood  (positive-true,  negative-true).  The 
resolution  (number  of  bits)  must  be  sufficient;  in  addition,  the 
specifications  must  be  checked  to  ascertain  that  the  2"  distinct 
binary  input  codes  will  not  only  be  accepted,  but  that  also  they 
will  (if  necessary)  correspond  to  2"  output  values  in  a  monotonic 
progression  at  any  temperature  in  the  operating  range  with 
sufficient  accuracy.  Analog  Devices  offers  DACs  with  resolutions 
of  8,  10,  12,  14,  16,  18  and  20  bits.  The  data  levels  accepted  by 
the  converter  must  be  checked  (TTL,  ECL,  low- voltage  CMOS, 
high-voltage  CMOS),  as  must  the  input  loading  imposed  by  the 
converter  and  the  supply  conditions  under  which  the  converter 
will  respond  to  the  data.  Check  the  data  notation  (is  the  MSB 
Bit  1  or  Bit  (n-1)?) — misinterpretatiaB  onl  teid  to  connecting ; 
tlie  data  Ints  in  backward  order.   '     ■      ~:  '  ' 


Itbl^etMgisters  are  desired,  the  converter  should  have  an  ap- 
propriate  buffer  configuration  (for  example,  the  ADSS8  and 
AD7226  live  (  set  of  TTL  bufferav  the  AD667  and  AD7224 
have  two  ranks  of  buffering). 

Controls 

If  the  DAC  has  external  digital  controls — for  example,  register 
strobes — their  drive  levels,  digital  sense  (true  or  false),  loading 
and  timing  must  be  considered.  The  function  and  use  of  config- 
luration  controls  (where  present),  such  as  serial/parallel,  short-cycle 
or  chip-select  decoding,  should  be  understood,  and  the  appropriate 
ways  of  disabling  them  when  not  needed  should  be  employed. 

Many  DACs  are  specifically  designed  to  interface  directly  to  the 
bus  of  the  computer  or  microprocessor.  These  DACs  provide 
the  necessary  control  and  handshake  lines,  as  well  as  the  data 
bit  buffers,  to  minimize  and  often  to  eliminate  the  interface 
circuitry  required.  The  bus  timing  should  be  studied  with  respect 
to  the  timing  provided  by  the  DAC  interface,  especially  as  the 
processor  performs  a  data-write  cycle  to  the  DAC.  Systems  with 
higher  speed  clocks  require  either  shorter  DAC  strobe  times 
(such  as  the  AD767)  or  the  use  of  processor-wait  states  when 
the  DAC  is  addressed.  DACs  for  video  applications,  such  as  the 
AD9701,  provide  special  control  lines  unique  to  CRT  applications 
''(e.g.,  bbi>kmg,  ipic  imdiefeience  level  di^lay). 

STATIC  AND  DYNA»H^  ra^CHOIBINeE^-'  » 
SPECIFICATIONS 

All  DACs  are  specified  using  terms  such  as  accuracy,  linearity, 
offset,  defined  and  explained  below.  These  static,  or  "dc," 
parameters  are  necessary  and  sufficient  for  many  applications; 
they  may  not  be  sufficient  for  others,  such  as  those  in  digital 
.signal  jnocessmg,  adaptive  filtering,  or  waveform  generation. 
I^ynagBc,  ^  q»arffiratiwis  -define-how  the  DAC  perfoims  vmt% 
paijunet^  such  as  signalntCHigise  ratio  (SNR),  infem^QduiatiqD 
ji^ntoilicHi  (IMD>.and  totallmtp^^  (Jpp),.Xb«fse. 

in  applications  where  the  envel^sf  gmpiii^im^:.^;Oti^t 

timing  errors  are  critical.,  ,|.  ,  ;       ^     :       .  ,.  ,.  ■ 

^WEK  SUPPLIES 

^piopfiate  power  supplies  should  be  made  available  considering 

logic  levels  and  analog  output  signals  to  be  employed  into 
the  system.  The  appropriate  degree  of  power-supply  stability  to 
meet  the  accuracy  specs  should  be  employed.  In  many  cases 
separate  analog  and  digital  grounds  are  required;  ground  wiring 
should  follow  best  practice  to  minimize  digital  interference  with 
high-accuracy  analog  signals  while  ensuring  that  a  connection 
between  the  grounds  can  glways  exist  at  one  point,  even  if  this 
point  is  inadvertenW'^^&ffied  &ora  Ae  qpstem. 

Specialty  DACs  and  Features 

Many  DACs  contain  a  single-  or  dual-rank  of  data  buffers  so 
data  can  be  loaded  into  the  DAC  at  any  time,  while  minimizing 
undesired  DAC  output  glitches.  Additionally,  DACs  such  as  the 
AD7848  contain  an  integral  FIFO  (first-in,  first-out)  memory  so 
that  multipJc  Jigitai  values  can  be  loaded  as  a  single  group  from 
the  processor  bus.  These  preloaded  values  can  then  be  clocked 
(at  specific  time  intervals,  if  needed)  into  the  DAC  output,  , 
without iuemwiei! processor.         vo     -^^  v  jii, 


Video  RAM-DACs 

DACs  (such  as  the  ADV7XX  series)  for  some  industry-standard 
video  diQihqn  contain  large  amounts  of  internal  RAM.  This 
RAM  is  diganized  for  use  as  a  color  palette  to  store  desired 
display  color  values,  which  are  then  called  out  as  needed  by  the 
pixel  data.  These  ICs  usually  contain  triple  DACs  and  RAM 
palettes,  to  support  full-color  operation  with  red,  gieen,  and 
blue  outputs.  While  the  output  is  normally  linear,  these  DACs 
can  also  contain  ganmui-correction  drciunjr-wliidl  care^y 
distorts  the  output  to  correct  for  nonlineanties  in  the  output 
intensity  of  the  qgiligfeuwIieK.  ,  „M  .,re  .  t  " 
TrimDACs™ 

These  DACs,  such  as  the  DAC-8800,  are  designed  to  replace 
manual  trim  potentiometers  in  circuitry.  They  combine  a  simple 
digital  interface  and  an  output  structiu'e  to  allow  them  to  function 
as  a  variable  resistor.  They  can  be  used  for  both  static  (dc) 
adjustment  as  well  as  multiplying  api;Ucsi9cms.;.where  ac  sigiial 
amplitude  and  phase  are  adjusted. 

Audio  DACs 

These  DACs  are  optimized  for  transforming  data  representing 
digitized  audio  signals  (such  as  from  compact  disks,  CDs)  into 
conventional  analog  signals.  They  contain  a  serial  bit  interface, 
DAC  core,  and  appropriate  output  amplifier,  as  well  as  nearly 
all  auxiliary  circuitry.  They  are  available  in  16-,  18-,  and  20-bit 
versions.  '        '  _ 

Sigma-Delta  DACs 

These  DACs  use  an  architectiu'e  quite  different  from  the  DACs 
already  discussed.  In  a  sigma-delta  DAC  (sometimes  called  a 
"one-bit  DAC"),  a  serial  stream  of  digital  bits  representing  the 
desired  output  value  is  fed  to  the  DAC.  The  DAC  (an  anti-imaging 
filter)  digitally  filters  this  input  stream,  then  feeds  filtered  output 
bits  to  a  modulator  circviit  which  develops  the  average  value  of 
the  bits.  A  low-pass  anilleg^a  elimiliatesr^^idntd-erRirj'tatd 
ghtches.  '':  ' 

SPECIFICATIONS  AND  TERMS 

Definitions  of  the  performance  specifications  and  related  infor- 
mation are  provided  on  the  next  few  pages  in  alphabetical  order. 

Accuracy,  Absolute 

Error  of  a  D/A  converter  is  the  difference  between  the  actual 
analog  output  and  the  output  that  is  expected  when  a  given 
digital  code  is  applied  to  the  converter.  Sources  of  error  include 
gain  (calibration)  error,  zero  error,  linearity  errors  and  noise  {see 
figure).  Error  is  usually  commensiurate  with  resolution,  i.e.,  less 
than  2  or  "1/2LSB"  of  fuU  scale.  However,  accuracy  may 

be  much  better  than  resolution  in  some  apphcations;  for  example, 
a  4-bit  reference  supply  having  only  16  discrete  digitally  chosen 
levels  would  have  a  resolution  of  1/16,  but  it  might  have  an 
accuracy  to  within  0.01%  of  each  ideal  value. 

Absolute  accuracy  measurements  should  be  made  imder  a  set  of 
standard  conditions  with  sources  and  meters  tr^oeabl^  to  an 
internationally  accepted  standard.  '         ' "  '"^ 
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Accuracy,  Relative 

Relative  accuracy  error,  expressed  in  %,  ppm  or  fractions  of 
ILSB,  is  the  deviation  of  the  analog  value  at  any  code  (relative 
to  the  fiill  analog  range  of  the  device  transfer  characteristics) 
from  its  theoretical  value  (relative  to  the  same  range)  after  the 
full-scsite  range  (P'Sftj  Bis  been  calibrated.  Since  the  discrete 
analog  output  values  corresponding  to  the  digital  input  values 
ideally  he  on  a  straight  line,  the  relative  accuracy  error  of  a 
linear  DAC  can  be  interpreted  as  a  measure  of  nonlinearity  (see 
Lmennty). 

AC  Feedthrough 

The  ratio  of  the  amplitude  of  signal  at  the  DAC  output  to  the 
leferenee  iioiiut  nitb  aU'DyvC'ilM^iM'aS'.  This  parameter  is 
expressed  in  dBs. 

BCD 

The  abbreviation  BCD  stands  for  binary-coded  decimal.  It  is  a 
binary  code  used  to  represent  decimal  mmibers  in  which  the 
digits  0  through  9  are  coded,  using  the  4-bit  binary  8-4-2-1 

code. 

Binary 

A  insitive-weighted  code^  whidi  a  number  is  represented  by: 

N  =  ao2''  +  ai2'  +  822^  +  .  .  .    +  a^" 
where  each  coefficient  "aj"  has  a  value  of  zero  or  one.  Data 
converters  use  this  code  in  its  fractional  form  where: 

N  =  ai2-'  +  +  ajT'  +  .  .  .  +  a^ 
and  N  has  a  fractional  value  between  zero  and  one. 

ffit 

The  imit  of  binary  information.  It  can  have  the  value  of  zero  or 
one. 

Bipolar  Output 

When  the  analog  signal  range  includes  both  positive  and  negative 
values,  the  output  is  said  to  be  bipolar.  The  transfer  characteristic 
of  an  ideal  2-quadrant  bipolar-output  DAC  is  shown  in  the 
following  figure. 

Compliance-Voltage  Range 

For  a  current-output  DAC,  the  maximum  range  of  (output) 
terminal  voltage  for  which  the  device  will  provide  the  specified 
current-output  characteristics. 

Common-JViodte  6eieciion  (CMR) 

Tbe  al^by  of  an  amplffira:  to  i^ect  the  ^eiit  of  voltage  i^^diecl 
to  boih  input  terminate  ^ttultffiieiocisly.  UtaaUy  a  logari^mde 
expression  representing  a  "common-mode  rejection  ratio,"  e.g., 
1,000,000:1  (CMRR)  or  120dB  (CMR).  A  CMRR  of  10*^:1  means 
that  a  IV  cmnmcin-mdde  voUage  passes  through  the  device  as 
though  it  were  a  differential  input  signal  ci  1  microvolt. 


QUADRANT 


Bipolar  Output  Converter 
Common-Mode  Voltage 

An  undesirable  signal  picked  up  in  a  circuit  by  both  wires  making 
up  the  circuit,  with  reference  to  an  arbitrary  "ground."  Amplifiers 
differ  in  their  abiUty  to  amplify  a  desired  signal  accurately  in 
the  presence  of^.  tmimmmi^'V^Sagc- 
Deglitcher 

As  the  input  code  to  a  DAC  is  increased  or  decreased  by  small 
changes,  it  passes  through  what  are  known  as  major  and  minor 
transitions.  The  most  major  transition  is  at  half-scale  when  the 
DAC  switches  around  the  MSB  and  all  switches  change  state, 
i.e.,  0111  nil  to  1000  0000.  If,  at  major  transitions,  the  switches 
are  faster  (or  slower)  to  switch  off  than  on,  tliis  means  that  for  a 
short  time  the  D/A  will  give  a  zero  (or  fiill-scale)  output  and 
wiU  then  return  to  the  required  ILSB  above  the  previous  reading. 
Siu£-l«:ge  tiknaent  spQasSg'Wliich  di£fer  widely  in  anipMade  : 
'  and  ai«  ratr^tiy  dffii!ttt%-lilt^  dUt,*are  ciQiiunonly'tewn  as 
"glitdies,"  hoice,  a  deglitcher  is  a  devise  diat  removes  t&eSe 
glitches  or  reduces  them  to  a  set  of  small,  uniform  pulses.  The 
deglitcher  normally  consists  of  a  fast  sampfe4Kdd'ciieait''My(fi 
holds  die  outpnt  constant  uhd  the  swiiiHies  ixasb  e^^iBbdiUil'. 
Glitt^  enacgy  is  smallest  in  &st-switching  DACs  driven'%  fts^ 
le^  gates  Oat  have  little  time  skew  betawea  O-I  ind  - 
transitions. 


10000000 
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ENgital  Crosstalk  (Q) 

Dighal  crosstalk  is  a  parameter  that  is  used  with  multiple  converters 
in  a  single  package.  It  is  the  gUtch  impulse  transferred  from  one 
converter  that  is  being  addressed  to  another  converter  that  is 
not  being  addressed.  It  is  qxcified  in  nV^eci  and  is  measured 
wifli Vrbp  =  OV.  '       "«l  =^ ^ aoonyfi.M  u  - 
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Digital  Feedthrough  (FT) 

Digital  feedthrough  is  the  glitch-energy  impulse  transfeFred 
from  the  DAC's  digital  input  to  the  analog  output.  It  is  specified 
in  nV-secs  and  is  measured  with  Vref  =  OV. 

Dynamic  Range  (DR) 

The  dynamic  range  of  a  DAC  is  the  ratio  of  the  largest  output 
to  the  smallest  output  (excluding  zero)  expressed  in  decibels 

(ilB).  Fid-  linear  DACs,  Hoi       is  1",  idiere  n  ^number  of 

u-^  r      1.:  ijt.i   ;i'.r     ;  nrVj-.rrwafai  w  .-a:>n 

bits  of  resolution. 

DR  (in  dB)  =  20  Logio2°  =•  6n|w,S9ear  DACs;  (COMDACs* 
are  66  or  72dB). 

Feedthrough 

Undesirable  signal  coupling  around  switches  or  other  devices 
that  are  supposed  to  be  turned  off  or  provide  isolation,  e.g., 
feedthrough  error  in  a  mtJtiplying  DAC.  It  is  variously  specified 
in  %,  ppm,  fractions  of  ILSB  or  fractions  of  1  volt  with  a  given 
set  of  inputs  at  a  specified  frequency  (see  AC  Feedthrough,  Digital 
Feedthrough.  ^  ^  ^ 

Four-Quadrant 

In  a  multiplying  DAC,  "four-quadrant"  refers  to  the  fact  that 
both  the  reference  signal  and  the  number  represented  by  the 
digital  input  may  be  of  either  positive  or  negative  polarity.  A 
four-quadrant  multiplier  is  expected  to  obey  the  rules  of  multi- 
phcation  for  aig!4milgmm>li«ll^i^i0i«^l^-  ^ 
FuU-Scale  (FS) 

The  full-scale  output  of  a  DAC  is  its  maximum  voltage  or  current. 
For  a  binary  DAC,  the  full-scale  output  occurs  when  the  digital 
inputs  are  all  ones.  The  full-scale  vahie  i|,.^^,SB  I^jS  tli^.  Ji^ 
reference  value.  .     ,        '^^^  .  ■ 

Fnll-Sade  (Hbi  Error  (Gfsb)  See  Gain  Error.'" 

Fnll-Scde  Range  (FSR) 

The  difference  between  the  maximum  analog  output  and  the 
minimimi  analpgSa^itptlt'af  a  DAt^l"  ' 

Gain 

The  "gain"  of  a  converter  is  that  analog  scale-factor  setting  that 
provides  the  nominal  conversion  relationship,  e.g.,  lOV  span  for 
a  full-scale  code  change  in  a  fixed-reference  converter.  For 
fixed-reference  converters  where  the  use  of  the  internal  reference 
is  optional,  the  converter  gain  and  the  reference  may  be  specified 
separately.  Gain-  and  zero-adjustment  are  discussed  under  Zero. 

Gain  Drift  (TCGps) 

The  variation  of  the  full-scale  value  (voltage  or  current)  measured 
over  the  operating  temperature  range  is  called  gain  drift.  This 
parameter  has  units  of  %FS,  ppmFS,  or  LSB.  It  may  also  be 
expressed  %  of  FS/°C,  ppm  FS/°C,  etc. 

Gain  Error  (Gfse) 

The  difference  between  the  actual  and  the  ideal^aoalog  output 
range,  expressed  as  a  percent  of  fulltaqde  o^in  terms  of  LSB 
value  (see  prior  figure).  It  is  the  devi^on  ill  sl^  of  the  DACs 
transfer  characteristic  from  ideal. 

Glitch 

A  glitch  j}i  a  switc!uiig,ttaaaiept^^0;ujiis,'in,c^ 

a  ^de  ^ansition^rifts  v^ti&isexpKsed  ss  ■'Psp^ict.  oSypi^^f, 

-.in  '< 

COMDAC  is  a  legisKied  tndanadt  of  Analog  Devices,  lac. 


(V  X  ns)  or  current  (mA  x  ns)  and  time  duration  or  charge 
transferred  (in  picocoulombs)  (see  Deglitcher). 

Harmonic  Distortion  (and  Total  Harmonic  Distortion) 
The  DAC  is  driven  by  the  digitized  representation  of  a  sine 
wave.  The  ratio  of  the  rms  sum  of  the  harmonics  of  the  DAC 
output  to  the  fundamental  value  is  the  THD.  Usually  only  the 
lower  order  harmonics  are  included,  such  as  second  through 
fifth: 


THD  =  20  log 


Yi, 


vAieic  Vi  is  ^  ^Bfi^aagHs^Se  of  theftindtnnanfj  and  IK&i  V^, 
V4  andYsarefte-iwanq^tttudes  of  liie  in^ivMttal  haineincs. 

Integral  Nonllnearity  (INL)  or  Nonlinearity  (NL) 
This  is  the  single  most  important  DAC  specification.  For  DACs, 
a  specificalion  of  ±  1/2  LSB  INL  guarantees  monotonicity  and 
±  1  LSB  maximum  differential  nonlinearity  (see  Linearity). 

Inteimodulation  Distortion 

The  DAC  is  driven  by  the  digitized  representation  of  two  combined 
sine  waves  of  frequencies  f,  and  fb.  As  with  any  imperfectly 
linear  device,  distortion  products  (of  order  m-l-n)  are  produced 
at  sum  and  difference  frequencies  of  mfa  ±  nfb  where  m,  n  =  0, 
1,  2,  3,  ...  .  Intermodulation  terms  are  those  for  which  m  or  n 
is  not  equal  to  zero.  The  second  order  terms  include  (f,  +  fb) 
and  (^  -  fb)  and  the  iWnl  order  terms  are  (2f. + fb),  (2f.  -  fb), 
<4-t-2^  aiid  (f.-2fb).  IMD  is  defined  as: 

tMPj-IB  lag      """'^  ^  ^Mffewawe  distortion  products)! 

rms  anq^iDKi^  of  the  fimdsmi'ntal 

Least-Significant  Bit  (LSB) 

In  a  system  in  which  a  numerical  magnitude  is  represented  by  a 
series  of  binary  (i.e.,  two-valued)  digits,  the  LSB  is  that  bit  that 
carries  the  smallest  value  or  weight.  For  example,  in  the  natural 
binary  number  1101  (decimal  13,  or  2'  +  2^  +  0  +  2°),  the 
rightmost  digit  is  the  LSB.  Its  analog  weight,  relative  to  full 
scale  is      where  n  is  the  number  of  binary  digits.  It  represents 
the  smallest  analog  change  that  can  be  resolved  by  an  n-bit 
omvdter. 

LSB  (Analog  Value)  =  ^ 

where  FSR  =  Full-Scale  Range 
n  ~  ntidaber  of  "Bits' 

Linearity 

Linearity  error  of  a  converter  (also  integral  nonlinearity,  see  Linear- 
ity, Differential),  expressed  in  %,  ppm  of  full-scale  range  or 
(sub)multiples  of  ILSB,  is  a  deviation  of  the  analog  values  in  a 
plot  of  the  measured  conversion  relationship  from  a  straight 
line.  The  straight  line  can  be  either  a  "best  straight  line"  deter- 
mined empirically  by  manipulation  of  the  gain  and/or  offset  to 
equalize  maximum  positive  and  negative  deviations  of  the  actual 
transfer  characteristics  from  this  straight  line;  or  it  can  be  a 
straight  line  passing  through  the  endpoints  of  the  transfer  char- 
acteristic after  they  have  been  calibrated  (sometimes  referred  to 
as  "endpoint"  linearity).  Ehdpo:&|t;pW^^^^i^&^ia||artb 
raloaw  accuracy  OTor.  - 
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b.  Nonlinearity  Reference 
Is  Straight  Line  Ttirougli 
End-Points.  Nonlinearity 
>  1/2LSB  for  Curve  of  a. 


a.  1/2LSB  Nonlinearity 

Achieved  by  Arbitrary 

Location  of  "Best 

Straight  Line." 
...Cojiipailsmt  of  Linearity  Criteria  for3-BitWA  Converm.^ 
StmigMiMttm'^lumigb-  Sa^  Mnts^ld  Easiei'  to  Meemted,'  - 

For  multiplying  D/A  converters,  the  analog  linearity  error,  at  a 
Specified  digital  code,  is  defined  in  the  same  way  as  for  multipUers, 
i.e.,  by  deviation  from  a  "best  straiglit  tot*''4iW0^  !i!e.P^°t,°f 
the  analog  output-input  response. 

J^earity,  Differential 

Any  two  adjacent  digital  codes  should  result  in  measured  output 
values  that  are  exaedy  ILSB  apart  (2""  of  full  scale  for  an  n-bit 
converter).  Any  deviation  of  the  measured  "step"  from  the  ideal 
difference  is  called  differential  nonlinearity  expressed  in  (sub)mul- 
tiples  of  ILSB.  It  is  an  important  specification  because  a  differential 
linearity  error  greater  than  ILSB  can  lead  to  nonmonotonic 
response  in  a  D/A  converter  and  missed  codes  in  an  A/D  converter 
(see  Differential  Linearitii  in  the  A/D^tt*ejt^  tfeSB^  itoir  W-'-' 
illustration).  "        '  '  '  ' 

Monotonic 

A  DAC  is  said  to  be  monotonic  if  the  output  either  increases  or 
remaias  constant  as  the  digital  input  increases  with  the  result 
that  the  output  will  always  be  a  smgle-valued  fimction  of  the 
input.  The  specification  "monotonic"  (over  a  given  temperature 
range)  is  sometimes  substituted  for  a  differential  nonlimari^ 
specification  since  differential  nonUnearity  less  than  ILSB  is  a 
sufficient  condition  for  monotonic  behavior. 

Most-Significant  Bit  (IViSB) 

In  a  system  in  which  a  numerical  magnitude  is  represented  by  a 
series  of  binary  (i.e.,  two-valued)  digits,  the  MSB  is  that  digit 
(or  bit)  that  carries  the  largest  value  of  weight.  For  example,  in 
the  natural  binary  number  1101  (decimal  13,  or  2'  +  2^  +  0  -I- 
2°),  the  leftmost  "1"  is  the  MSB  with  a  weight  of  2"~\  or  8LSBf;. 
Its  analog  weight,  relative  to  a  DAC's  full-scale  span,  is  1/2.  In 
bipolar  DACs,  the  MSB  indicates  the  polarity  of  the  number 
laepresented  by  i&erest-bf  Ambits.  " 

-•■  "  VSR 

MSB  (Analog  Vate) '^^  .r^.       'li  -   *  ■ 

Multiplying  DAC 

A  multiplying  DAC  differs  from  a  fixed-reference  DAC  in  its 
being  designed  to  operate  with  varying  (or  ac)  reference  signals. 
The  output  signal  of  such  a  DAC  is  proportional  to  the  product 
of  the  "reference"  (i.e.,  analog  input)  voltage  and  the  fractional 
equivalent  of  the  digital  input  number  (see  also  Four-^Qfiadram}. 


Some  DACs  can  multiply  only  positive  digital  words  by  a  positive 
reference;  This  is  known  as  single  quadrant  operation  (Quadrant 
I,      Fjgnre)ii7wo  fuadstnt  operation  (Quadrants  I  smd  ill)  < 
can  be  performed  by  a  DAC  tlrat  usually  operatesiin  Quatettt  I 
by  configuring  the  output  for  bipolar  output  operation.  This  is 
accomplished  by  offsetting  the  output  by  a  negative  MSB  (1/2  of 
FSR),  so  that  the  MSB  becomes  the  sign  bit.  DACs  provide 
four  quadrant  operation  by  allowing  the  use  of  both  positive  and 
negative  references  (Quadrants  I,  II,  III,  IV). 


bACfitansfyrCiirv^ 
Noise,  Peak  and  RMS 

Internally  generated  random  noise  is  not  a  major  factor  in  D/A 
converters,  except  at  extreme  resolutions  (e.g.,  DAC1138)  and 
dynamic  ranges  (AD7111).  Random  noise  is  characterized  by 
rms  specifications  for  a  given  bandwidth  or  as  a  spectral  density 
(current  or  voltage  per  root  hertz);  if  the  distribution  is  Gaussian, 
the  probability  of  peak-to-peak  values  eseeeding  7  X  the  rms 
value  is  less  than  0.1%. 

Of  much  greater  importance  in  DACs  is  interference  in  the 
form  of  high-amphtude  low-energy  (hence  low-rms)  spikes  ap- 
pearing at  the  DAC's  output  caused  by  coupling  of  digital  signals 
in  a  surprising  variety  of  ways;  they  include  coupling  via  stray 
capacitance,  via  power  supplies,  via  inadequate  ground  systems, 
via  feedthrough  and  by  glitch  generation.  Their  presence  under- 
scores the  necessity  for  maximum  apphcation  of  the  designer's 
art,  including  layout,  shielding,  guarding,  grounding,  bypassing 
and  degUtcttingf|»  ^'  1    '  "  ,  ^ 

Offset 

For  almost  all  bipolar  converters  (e.g.,  ±  10-volt  output),  instead 
of  actually  generating  negative  currents  to  correspond  to  negative 
numbers,  a  unipolar  DAC  is  used  and  the  output  is  offset  by 
half  full  scale  (IMSB).  For  best  results,  this  offset  voltage  or 
current  is  derived  from  the  same  refd^nee^ppy  ttalt'delaaniiMS 
the  gain  of  the  converter. 

This  makes  the  zero  point  of  the  converter  independent  of  thermal 
drift  of  the  reference  because  the  1/2  scale  offset  cancels  the 
weight  of  '^WSttWit^f?m^. 
both. 


Offset  Drift  (TCVos.  TCaos) 

The  variation  of  the  output  offset  (voltage  or  current)  measured 
over  the  operating  temperature  range.  The  offset  drift  is  divided 
by  the  temperature  range  over  which  it  is  measured  and  expressed 
in  ppm  per  degree  centigrade  or  percent  of  full-scale  range. 
This  parameter  applies  to  DACs  operating  in  the  bipolar  output 
mode.  See  zeto-seale  drift  for  DAOs  opeatiog  in  the  unipolai; 
output  mode.  ...   -  _ 

TheoiS^  error  is  the  emtr  tt  aaaJoSf^Mo  fw  ii.daoi  gobv^M: 

operating  in  the  bipolar  mode. ■       >  i  ..  a'  ?6uj-<;',  -.  o 

Output  Resistance  (Ro)  "  "       ■  •         '  "  "    '' "  ' 

Output  resistance  is  the  equivalent  internal  resistance  for  a 
current  ouq>ut  D/A  converter  as  seen  at  its  ouQ>ut.  It  is  measured 
as  tfae-change  in  ontpntcunent     iridi  the  dumge  in  ouqmt  . 
voltage  &V.  It  is  a  direct  dieasure  of  the  true  compliance. 

Power-Supply  Sensitivity 

The  sensitivity  of  a  converter  to  changes  in  the  power-supply 
voltages  is  normally  expressed  in  terms  of  percent-of-full-scale 
change  in  analog  output  value  (of  fractions  of  ILSB)  for  a  1% 
dc  change  in  the  power  supply  (e.g.,  0.05%/l%AVs).  Power 
supply  sensitivity  may  also  be  expressed  m  relation  to  a  specified 
dc  sl^  of  supply  voltage.  A  converter  may  be  considered  "good" 
if  ih^'^hange  in  reading  at  full  scale  does  not  exceed  ±  1/2LSB 
for  a  3%  change  in  power  supply.  Even  bener  specs  are  necessary 
for  converters  designed  for  battery  operation. 

Quantizing  Uncertainty  (or  "Error") 

The  analog  continutrai  is  partitioned  into  2°  discrete  ranges  for 
n-bit  processing.  All  analog  values  within  a  given  range  of  output 
(of  a  DAC)  are  represented  by  the  same  digital  code  usually 
assigned  to  the  nominal  midrange  value.  For  applications  in 
which  an  analog  continuum  is  to  be  restored,  there  is  an  inherent 
quantization  uncertainty  of  ±1/2LSB  due  to  limited  resolution, 
in  addition  to  the  actual  convenion  errors.  For  appiicatiomt  in 
which  discrete  output  levels  are  desired  (e^g.,  di^^y  controUed 
power  supplies  or  digitally  controlled  gains),  this  consideration 
is  not  relevant.  '  . 

Relative  Accuracy 

See  Integral  NonUneatity. 

Resolution 

An  n-bit  binary  converter  should  be  able  to  provide  2°  distinct 
and  different  analog  output  values  corresponding  to  the  set  of  n- 
bit  binary  words.  A  converter  that  satisfies  this  criterion  is  said 
to  have  a  resolution  of  n  bits.  The  smallest  output  change  that 
can  be  resolved  by  a  linear  DAC  is  2~"  of  the  full-scale  span. 
However,  a  nonlinear  device,  such  as  the  AD7111  LOGDAC, 
has  a  logarithmic  gain  resolution  of  0. 375/88. 5dB  =  l;256dB 
which  corresponds  to  a  gain  increment  of  4.2S%/step  or 
26,600:1.  • '■•  -■ 

Settling  Time 

The  time  required,  following  a  prescribed  data  change  from  the 
50%  point  of  the  logic  input  change,  for  the  output  of  a  DAC  to 
reach  and  to  remain  within  a  given  fraction  (usually  ±  1/2LSB) 

of  the  final  value.  Typical  prescribed  changes  arc  full  scale, 

IMSB  and  ILSB  at  a  major  carry.  Settling  time  of  current-output 
DACs  is  quite  fast.  The  major  share  of  settling  time  of  a  voltage- 
output  DAC  is  usually  contribnted  by  die  settling  time  of  die 
output  op  amp  circuit. 


♦SLEWINQ*^  RNALSEmiNG 

TIME 


 SETTUNQ  TIME  TO  ±  AVq  - 

>  J         Settling  Time  Measuroipent 
Signal-to-Noise  Ratio 

The  measured  ratio  of  signal  to  noise  (SNR)  at  the  output  of  the 
converter.  The  signal  is  the  rms  magnitude  of  the  fundamental. 
Noise  is  the  rms  sum  of  all  the  ngnfundamental  signals  up  to 
half  the  sampling  frequency.  SNR  is  dependent  on  the  number 
of  quantization  levels  used  in  the  digitization  process;  the  more 
levels,  the  smaller  the  quantization  noise.  The  theoredcal  SNR 
for  a  sine  wave  is  given  by: 

SNR  =  (6.02N  -I-  1.76)  dB 

where  N  is  the  number  of  bits.  Thus  for  an  ideal  8-bit  converter, 
SNR  =  50dB. 

Slew  Rate  (or  Slewing  Rate) 

Slew  rate  of  a  device  or  circuit  is  a  limitation  in  the  rate  of 
change  of  output  voltage,  usually  imposed  by  some  basic  circuit 
consideration  such  as  limited  current  to  charge  a  capacitor. 
Amplifiers  with  slew  rate  of  a  few  V/(jls  are  conmion  and  moderate 
in  cost.  Slew  rates  greater  than  about  75  volts/|j.s  are  usually 
seen  only  in  more  sophisticated  (and  expensive)  devices.  The 
output  slewing  speed  of  a  voltage-output  D/A  converter  is  usually 
limited  by  the  slew  rate  of  the  amplifier  used  at  its  output  (if 
one  is  used). 

Stability 

Stability  of  a  converter  usually  applies  to  the  insensitivity  of  its 
characteristics  to  time,  temperature,  etc.  All  measurements  of 
stability  are  difficult  and  time  consuming,  but  stabihty  vs.  tem- 
perature is  sufficiently  critical  in  most  applications  to  warrant 
universal  inclusion  of  temperature  coefBdents  in  Uldesnf  a|Xicifica^ 
tions  (see  Temperature  Coefficient). 

Staircase 

A  voltage  or  current  increasing  in  equal  increments  as  a  fimction 
of  time  and  having  the  appearance  of  a  staircase  (in  a  time  plot) 
generated  by  applying  a  pulse  train  to  a  coimter  and  the  output 
of  the  counter  to  the  input  of  a  DAC. 

A  very  simple  A/D  converter  can  be  built  by  comparing  a  staircase 
from  a  DAC  with  the  imknown  analog  input.  When  the  DAC 
output  exceeds  the  analog  input  by  a  fraction  of  ILSB,  the 
cotmt  is  stopped  and  the  code  corresponding  to  the  count  is  the 
digital  output. 

Switching  Time 

In  a  DAC,  the  switching  time  is  the  time  it  takes  for  the  switch 
to  change  from  one  state  to  the  other  ("delay  time"  plus  "rise 
time"  &om  10%  -  90%)  bat  does  not  include  settSng  time,  e.g., 
to  <1/2LSB.  ■  -'<"»we*>'"  ' 


Tempeiatuie  CocsSieieiits 

In  general,  temperature  instabilities  are  expressed  as  %/°C, 
ppmTC,  as  fractions  of  1LSB/°C  or  as  a  change  in  a  parameter 
over  a  specified  temperature  range.  Measurements  are  usually 
made  at  room  temperature  and  at  the  extremes  of  the  specified 
range,  and  the  temperature  coefficient  (tempco,  T.C.)  is  defined 
as  the  change  in  the  parameter  divided  by  the  corresponding 
temperature  change.  Parameters  of  interest  include  gain,  linearity, 
offset  (bipolar)  and  sero. 

Gain  Tempco:  Two  factors  principally  affect  converter  gain 
stability  with  temperature. 

a)  In  fixed-reference  converters,  the  reference  source  will 
vary  with  temperature.  For  example,  the  tempco  of 
an  AD581L  is  generally  less  than  5ppm/°C. 

b)  The  reference  circuitry  and  switches  may  add  another 
3ppni/°C  in  good  12-bit  converters  (e.g.,  AD566K/T). 
High  resolution  converters  require  much  betler  tempcos 
for  accuracy  commensurate  with  the  resolutiOfl. 

Linearity  Tempco:  Sensitivity  of  linearity  ("integral"  and/or 
differential  Unearity)  to  temperature  (in  %  FSR/°C  or  ppm  FSR/°C) 
over  the  specified  range.  Monotonic  behavior  is  achieved  if  the 
differential  nonlinearity  is  less  than  ILSB  at  any  temperature  in 
the  range  of  interest.  The  differential  nonlinearity  temperature 
coefficient  may  be  expressed  as  a  ratio,  as  a  maximum  change 
over  a  temperature  range  and/or  implied  by  a  statement  that  the 
device  is  monotonic  over  the  specified  temperature  range. 

Offset  Tempco:  The  temperature  coefficient  of  the  all-DAC- 
switches-off  (minus  full  scale)  point  of  a  bipolar  converter  (in  % 
FSR/°C  or  ppm  FSR/°C)  depends  on  three  iliajor  factors: 

a)  The  tempco  of  the  reference  source 

b)  The  voltage  zero-stability  of  the  output  amplifier     ■  • 

c)  The  tracking  capabihty  of  the  bipolar-offset 
resistors  and  the  gain  resistors 

Unipolar  Zero  Tempco  (in  %  FSRI°C  or  ppm  FSRrC):  The 
temperature  stabiUty  of  a  unipolar  fixed-reference  DAC  is  prin- 
cipally affected  by  current  leakage  (cturent-output  DAC)  and 
o£Eset  voltage  and  bias  curreuf  of  &e  output  op  am;j  (voltage-otitput 
DAC). 

TllTeer£|tatf!,()ut^t»  ,  . 

.^jdigijfl  pu!i)tttidux:uit  flwtcan  be  programmed  tq  putput.a 
logic  loW,  logic  high,  or  a  high  output  impedance.state.  These  , 
outputs  are  generally  connected  to  digital  buses. 

Total  Unadjusted  Error 

Total  unadjusted  error  is  a  comprehensive  specification  which 
includes  internal  voltage  reference  error,  relative  accuracy,  gain 
and  offset  errors. 

True  Compliance 

The  true  compliance  of  a  DAC  is  the  voltage  range  over  which 
the  current  output  can  vary  while  the  DAC  maintains  an  absolute 
accuracy  of  ±1/2  LSB.  The  higher  the  DAC  output  impedance, 
the  better  the  voltage  compliance  will  be. 

Unipolar  Output 

A  DAC  operates  in  the  unipolar  output  mode  when  the  analog 
output  starts  at  a  zero,  stopping  at  a  full-scale  positive  or  negative 
value,  while  the  digital  inputs  are  changed  from  zero  to  all-ones 
code.  The  smalpg  output  occurs  in  one  quadrant,        j  -  |  , 


Zero-Scale  Error  (Vzse>  Izse) 

The  zero-scale  error  is  the  error  at  analog  zero  for  a  data  converter 
opersiting  in  the  unipolar  mode. 

Zero-Scale  Drift  (TCVzs,  TCIzs) 

The  variation  of  zero  scale  measured  over  the  operating  temper- 
ature. It  is  expressed  in  ppmFS/°C,  or  %FS/°C,  etc. 

Zeio-Scale  Symmetry  Emn  (Vzss) 

This  definition  applies  only  to  sign-magnitude  DACs.  It  is  the 
change  in  the  analog  ou^qe  produced  by  switching  the  sign  bit 
with  a  zero-code  input  to  the  magnitade  bits,  It  is  Qcp^essei  in 
units  of  voltage,  cumnt,  or  in  fractions  (^>a]|^SBv . .  , 
Zero- attd-<Mn-VlEdjimtniat!Frineiptes  ri.  :i  ' .  . '   -i^  ni; 
Thewijnit'ef  sun^xte  DACis  set  tozeto.v^t^iin  theiall'-Mts«(^ 
cofitti^.  <T1»  gi&  is  s^te  WS  (1^  2;^)  iwith  all  bits  om'ISie 
"zero"'i9f  an^feetibtaary  bipolar  DAC  is  set  to  -  FS  wi*  all 
bits  off,  and  the  gain  is  set  for  -l-FS  (1  -2-<"-")  with  all  bits 
on.  The  data  sheet  instructions  should  be  followed. 

defii>^ions-^aiIanding  DAds 

Chord 

The  mathematical  formula  describing  the  DAC  transfer  fuiicti^ 
is  implemented  by  performing  a  jpiecewise,  llinear  ajiprgjii^^Qii 
of  the  fimction.  The  straight  In^^segm^b  u^,  in  th^.^i^^^ 
inaliem,aie,called^hords.^,.5  ,  -.  . 

Chord  EndpointS  "'  '  '  -o 
The  digital  code  corresponding  to  the  maximiun  analog  output 
for  a  given  chord  is  called  the  chord  endpoint. 

Dynamic  Range  (DR) 

The  dynamic  range  of  a  DAC  is  the  ratio  of  the  largest  output 
to  the  ranallest  output  (excluding  zero)  expressed  in  decibels 
'  (^Ji-^Jfer  the  COMDACs  this  would  be  ouiput  (I7,  15)  divided 
^4a%m      il^  iTM<  is  ^en.eohreEte^to'd&^Baiig.i^.::' 
forraula:    '        ^  •  ■■  '^if- '..j'.>ii .;')  ■      i'  . 

DR  =  20L^,{|^?afi)  ,  :;;;'^;  -       "  • 

Encode  Current 

The  encode  current  is  the  difference  between  I0EC+)  and  Iqd  (-) 
or  the  difference  between  Iqe  c-)      "op  {-)  ft  any  code. 
Full-Scale  Symmetry  Error 

The  full-scale  symmetry  error  of  a  DAC  is  the  difference  between 
the  maximiun  and  the  minimum  analog  output  values.  For  the 
COMDAC  this  is  the  difference  between  Iod(-)  and  Iqd  (+)  or 
loE  (+)  and  loE  (-)• 
Output-Level  Notation 

Each  output  current  level  may  be  designated  by  the  digital 
input  code  as  Ic,  s,  where  c  =  chord  number  and  s  =  step 
niunberi  For  example,  lo,  0  =  zero  scale  current;  Iq,  1  =  first 
step  firom  zero;  Iq,  is  =  endpoint  of  the  first  chord  (Co);  and 
l7_  15  =  full-scale  current. 

Steps 

Each  chord  is  divided  into  equal  increments  called  steps. 
Step  Nonlinearity 

This  is  the  deviation  of  the  actual  step  size  from  the  ideal  step 
size  within  a  chord.  In  a  linear  DAC,  it  corresponds  to  differential 
nonlinearity. 
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FEATURES 

Four  Complete  12-Bit  DACs  in  One  IC  Paclcage 
Linearity  Error  ±  1/2LSB  T„i„  -  T™,  (A0390K,  T) 
Factory-Trimmed  Gain  and  Offset 
Buffered  Voltage  Output  ^ 
Monotonicity  Guaranteed  Over  FuN  Temperature'Rang* 

Double-Buffered  Data  Latches   

Includes  Reference  and  Buffer 
Fast  Settling:  8|i.s  max  to  ±  1/2LSB 


PRODUCT  DEscauFngiii 

The  AD390  contains  four  i2-bit  high  speed  voltage-output 
digital-to-analog  converters  in  a  compact  28-pin  hybrid  package. 
The  design  is  based  on  a  proprietary  latched  12-bit  DAC  chip 
which  reduces  chip  count, and  provides  high  reliability.  The 

AD390  is.ideal  for  systems  requiring  digital  amtrol  of  many  

analog  voltagfes^^riiere  board  space  is  at  a  premium.  Sudi  appli- 
cations include  automatic  test  equipment,  process  conti^ilers, 
and  vector-scan  displays.  |     .;'nt'  ) 

The  AD390  is  laser-trimmed  to  ±  1/2LSB  max  nonlineai^ty 
(AD390KD,  TD)  and  absolute  accuracy  of  ±0.05  percent  of  " 
faU  scale.  The  high  initial  accuracy  is  made  possible  by  the  use 
of  thin-film  scaling  resistors  on  the  monolithic  DAC  t^ps.  The 
iotemai  buried  Zener  voltage  reference  provides  excellent  tem- 
perature drift  diaractaUtics  (20iqnn/°C)  and  an  iiiitial  tolerajiqe. 
of  ±0.03%  maxinnlm.  Tne  iiitonal  tiEfeience  buffer  allonrs  a  '  ' 
single  common  lefnrence  to  Jbe  used  for  multiple  AD390  devices 
in  large  systeins'.  ' 

The  individual  DACs  are  accessed  by  the  CSl  through  CS4 
control  inputs  and  the  AO  and  Al  lines.  These  control  signals 
permit  the  registers  of  the  four  DACs  to  be  loaded  sequentially 
and  the  outputs  to  be  simultaneously  updated. 

The  AD390  outputs  are  calibrated  for  a  ±  lOV  output  range 
with  positive-true  offset  binary  input  coding.  A  0  to  +  lOV 
version  is  available  on  special  order. 

The  AD390  is  packaged  in  a  28-lead  ceramic  package  and  is 
specified  for  operation  over  the^>-tO'-t"79''6aiBt-— to  VtJS'G 
temperature  range. 


•Protected  by  patent  numbers  3,803,590;  3,890,611;  3,«32,M3; 
3,978,473;  4,020,486  and  other  patents  peildiilg. 


.bariiUiMvim  VU. 


nipiCriONAL  BLOCK  DIAGRAM 


PRODUCT  HIGHLIGHTS 

1.  The  AD390  offers  a  dramatic  rethicnmin  printed  siroiit 
boeid  spaceiequireinents  in  syilean,^8  multiidfeJJiiSlGs. 

2.  Each  DAC  is  independently  addressabfe,  providing  V^^iiarsatile 
control  architecture  for  simple  interface  to  microprocessors. 
All  latch  enable  signals  are  levd-triggoed. 

3 .  The  output  voltage  is  trimmed  to  a  full  siaife  accuracy  of 
±d.0S%.  Settling  time  to  ±  1/2LSB  is  8  microseconds 
maximum. 

4.  An  internal  10  volt  reference  is  available  or  an  external  reference 
can  be  used.  With  an  external  reference,  the  AD390  gain  TC 
is  ±  5ppm/°C  maximum. 

5.  The  proprietary  monolithic  DAC  chips  provide  excellent 
linearity  and  guaranteed  mcmotonicity  oosr-the  fiill  opeiating 
temperatiure  range. 

6.  The  28-pin  double-width  hybrid  package  provides  extn^nely 
high  fimctioDal  density  .i  No  external  components  or  adiust(nen6 
are  requited  to  provide  the  complete  fimction. 

7.  The  AD390SD  and  AD390TD  feature  guaranteed  accuracy 
and  linearity  over  die  -  SS'C  to  +  125°C  temperature  range. 
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Min  Tjrp-  

-MSn —   -^p   Mm- 



DATA  INPUTS  (Pins  1-12  and  23-28)' 
TTLorSVoltCAtoS 

Input  Voltage 

Bit  ON  (Logic  "1") 

Bit  OFF  (Logic  "0") 
Input  Current  (Pin  24  is  3  x  Larger) 

BitON(Logic"l") 

Bit  OFF  (Logic  0  ) 

+  2.(i'"  +5.5 
+  0.8 

SOO  1200 
150  400 

+  2.0  +5.5 
+  0.8 

,x  ■  :>.■•■" 

SOO  1200 
150  400 

V 
V 

|jlA 

RESOLimCBi 

12  ■ 

12 

Bits 

OUTPXJT* 
Voltage  Range' 
Current 

Settling  Time  (to  ±  ViLSB) 

:i:10 

5 

4  8 

f.r^i^":  ±10 

5 

4  8 

V      ^.  ~i 
mA 

ACCURACY 
Gain  Error  (w/ext.  lO.OOOV  reference) 

Offset 

Linearity  Error 
Differential  Linearity  Error 

±0.05  ±0.1 
±0.025  ±0.05 
±1/4  ±3/4 
±1/2  ±3/4 

±0.025       +  0.05 
±0.012  ±0.025 
±  1/8          ±  1/2 
±  1/4          ±  1/2 

"/oofFSR" 
%ofFSR 
LSB 
LSB 

TEMPERATURE  DRIFT 
Gain  (internal  t^citence) 
(extentt'ldtence) 

Zero 

Linearity  Error  T„^  -  T^ 
Differential  Linearity  MONO! 

±40 

±10 
±10 

±  1/2           ±  3/4 
'ONICITY  GUARANTKED  OVER 

±20 
±5 

±5 

+  1/4           ±  1/2 
"ULL  TEMPERATURE  RANGE 

ppm/°C 
ppm/°C 
ppm/°C 
LSB 

CROSSTALK- 

O.I 

0.1 

LSB 

REFERENCE  OUTPUT 
Voltage  (without  load) 
Current  (available  for  external  use) 

9.997         10.000  10.003 

9.997         10.000  10.003 
2.S  3,5 

•■.■V- 
mA  : 

REFERENCE  INPUT 
Input  Resistance 
Voltage  Range 

10'° 

5  11 

5  11 

n  " 

POWER  REQUIREMENTS 
Voltage' 
jCuncnt 

+Vs 

-Vs 

±13.5        ±15  ±16.5 
20  35 

±13.5        ±15  ±16.5 

 ■-  i 

,,  ,  1                    i  .  . 

20  35 
-85  -100 

mA 
mA 

POWER  SUPPLY  GAIN  SpNSJTIVfrY 

+  Vs                  -^j-,         ;  (j.          f  -_  -:n 

-Vs 

,,         ..^      0.002  0.006 
"  -     0.0025  0.006 

0.002  0.006 
0.0025  0.006 

%FS/% 
%FS/% 

TEMPER/VTURIRANeE 
1  .Ope^t^aW^?^eg(tioosg,K 
S,T 

Storage 

0  +70 
-55  +125 

-65  +150 

0  +70 
-55  +125 
-65  +150 

°C 
°C 

°c 

NOTES 

'  Timing  specifications  appear  in  Table  2 . 

^The  AD390  outputs  are  guaranteed  stable  for  load  capacitances  up  to  300pF. 
^  lOVcange  is  standard.  A  0  to  1 OV  version  is  also  available.  To  order,  use  thefoQowuig  part  ninnbecs: 

J  Grade 
K  Grade 

SGrade       '     -         --J:'  ' 
T  Grade 
S/>83BGnule 
T/883B  Grade 

^FSR  means  Fuji  Scale  Range  and  is  equal  to20Vfora  ±  lOV  range. 

^Crosstalk  is  defined  as  the  change  in  any  one  output  asaresult  of  any  Other  ou^ot  being  drivra  from  —lOV  to +  10Villl»« 
^The  AD390  can  be  used  with  supply  voltage  as  low  as  ±  U.4V,  Figure  10. 

Spcrilicatioiissubicatociumgewithoitt  notice. 


AD50207-1 
AD50207-2 
AD50207-3 
ADS0207-4 
AD50207-7 
AD50207-8 
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/USSiULU  1  fc  MAXIMUM  KATINCS 

+  Vs  to  DGND  0  to  +  18V 

-VstoDGND  0  to  -18V 

Digital  Inputs  (Pins  1-12,  23-28)  to  DGND  ....  - 1  to  +  TV 

ReflntoDGND  ±Vs 

AGNDtoDGND  +0.6V 


AnalogOutputs(Pins  16, 18-21) 

 Indefinite  Short  to  AGND  or  DGND 

Momentary  Short  to  ±  Vj 

Storage  Temperature  -65°C  to  +  150°C 

Lead  Temperature  (Soldering,  10  Seconds)  -f-300°C 


ORDERING  GUIDE 


AD390JD 
AD390KD 

AD390SD 
AD390TD 


Tenipcnituie 

R»^', 


0to+70°C 
0to+70°C 

-55°Cto  -^125°C 
-55        -  ,:i°C 


Gain  Error 
25°C 


±4LSB 
±2LSB 
±4LSB 
+  2LSB 


Linearity  EiToi 
T™,-T„„ 


±3/4LSB 
±  1/2LSB 
±3/4LSB 
±  1/2LSB 


Package 
Option* 


DH- 
DH- 
DH-28 
DH-28 


-^^dc^Pfiir  Hybrid.  FteoutlineiDibrmaiioii  see  Fackagei 
WS  CONFIGURATION 


.  (LSB)DBO 

DB1 

DB2 

.   DB3 

 Bi4  IT 

DBS  [7[ 
DBS 

DB7  [F^ 

DBS 

DB9  \W 

DB10  pT" 

(MSB)DBII  pT 

DGND  QT 

-V,  [j7 

•no. 

AO390 

TOP  VIEW 
(Not  to  SmK) 


28]  CS4 
27]  CS3 
26]  CS2 
IT]  CST 
24]  AO 
^  AT 
SI  +Vs 
21]  VouT. 
20l  VouT3 


19 
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©ATA  AND  CONTReii  SIGNAfc-FORMAT 

The  AD390  accepts  12-bit  parallet  data  in',r»p<iiwe  to  control 
signals  CS1-CS4,  AO  and  Al  Tie  input  registers  are  dottble-buf- 
^ed,  allowing  any  register  to  be  updated  independently  of  the 
others.  As  det;a|ed  in  Table  I,  the  four  chip  select  lines  are  used 
V3  address  the  DAC  register  of  interest.  It  is  permissible  to  have 
more  than  one  chip  select  active  at  any  time.  The  first  rank 
register  of  a  given  DAC  is  loaded  by  bringing  the  appropriate 
chip  select  and  AO  both  low.  The  second  rank  register  of  any 
DAC  can  then  be  loaded  by  bringing  the  appropriate  chip  select 
and  Al  both  low.  If  CS1-CS4  are  all  brought  low  coincident 
with  Al  low,  all  four  DAC  outputs  will  be  updated  to  the  value 
in  the  corresponding  first  rank  registers.  All  control  inputs  are 
level-triggered  and  may  be  hard-wired  low  to  render  aiiy  registtr 
(or  group  of  registers)  transparent. 


TIMING  -      _ 

The  AD390  control  signal  ll^g  is  fairly  •straightforward.  AO, 
Al  and  CS1-CS4  must  be  concurrently  valid  for  at  least  100ns 
for  a  desired  operation  to  occur.  When  loading  data  from  a  bus 
into  the  first  rank  register^  the  data  inputs  must  be  stable  for  at 
least  SOns  before  any  control  signal  returns  high.  Data  can  change 
immediately  after  the  control  signals  are  inactive.  When  loading 
the  second  rank  registers  from  the  first  rank,  it  is  possible  to 
exercise  the  chip  select  inputs  at  the  same 'time  as  Al.  DAC 
settling  time  is  measured  from  the  fati^  iMliGhever 
control  signal  last  beromes  valid. 

WRITE  CYCLE  #1 

(Load  Eist  JUUk&om  Data  Busif||[  »  {} 


1       .i  -      -j^-  *  ton,  » 

wv  1 

WRITE  CYCLE  #2  _ 
(Load  Second  Rank  from  First  Rank;  AO  =  1) 


Figure  2.  Timing  Diagrams 


Symbol 

ParametWi";'.'! 

Min 

Typ 

Max 

Units 

GSM  ValM  before  AO  Rising  Edge 

100 

ns 

AO,  Al  Low  Time 

100 

ns 

tow 

DB 1 1-DBO  valid  before  AO  Rising  Edge 

50 

ns 

DB 1 1  -DBG  valid  after  AO  Rising  Edge 

10 

ns 

tftS 

CS 1-4  valid  before  A 1  Low 

0 

ns 

tsErr 

Output  Voltage  Settling  Time 

4 

8 

M-S 

Figure  t.  AD$^  Ftmctional  Block  Diagram 


C5I 

tS2 

ZSi 

C53 

Al 

55 

Operation 

1 

1 

1 

X 

X 

No  Operation 

X 

X 

X 

X 

1 

1 

No  Operation 

0 

1 

1 

1 

I 

0 

Enable  1st  rank  of  DAC  1 

1 

0 

1 

1 

I 

0 

Enable  Istrankof  DAC2 

1 

1 

0 

1 

0 

Enable  1st  rank  ofDAC3 

1 

1 

I 

0 

0 

Enable  1st  rank  ofDAC4 

0 

1 

1 

1 

0 

Load  DAC  1  second  rank  from  fir^t  rank 

1 

0 

1 

0 

Load  DAC  2  second  rank  from  first  rank 

1 

1 

0 

I 

0 

1 

Load  DAC  3  second  rank  from  first  rank 

1 

1 

1 

0 

0 

1 

Load  DAC  4  second  rank  from  0Ftt  rank 

0 

0 

0 

0 

0 

0 

All  latches  transparent 

Tabia  f,  AD390  Trutti  wma 


Table  II.  A[^90  Timiag  Specifications 

INTERFAONG  THE  AD390  TO  AUGROPROCESS(HlS 

16-Bit  Processors 

The  AD390  is  a  12-bit  resolution  DAC  system  and  is  easily 
interfaced  to  16-bit  wide  data  buses.  Several  possible  addressing 
configurations  exist. 

In  the  circuit  of  Figure  3,  the  AD390  second  rank  registers  are 
made  transparent  by  hard-wiring  Al  low.  A  system  WR  signal 
is  used  to  drive  the  AO  control  input  and  a  74LS139  decoder 
driven  from  the  least  significant  address  bits  provides  the  active-low 
CSI  through  CS4  signals.  In  this  circuit,  only  one  DAC  at  a 
time  may  be  updated.  If  simultaneous  update  of  all  four  DACs 

drcUit  sbii#tt  #  4Mro  8etoed<!«i  isf  tt^am 

any  DAC  at  the  expense  of  lar^r  memory  space  requirements. 
In  this  ctrcuit,  address  lines  AO  through  A3  each  select  a  single 
DAC  of  the  four  contained  in  the  AD390.  Tfa«  use  of  a  s^rate 
address  Uae  for  ea<^  DAC  allows  several  DACs  to  be  accessed 


ADSiO 


aimidttpieowAjr.  iPifejgddiiew  Iww  ate  gattd  tty  the  simultaneous 
occurrence  tdMtS0mii       and  the  appropriately  decoded  base 
address.  Seleelieia«l!fint  rank  or  second  rank  register  for  any 
DAC  is  done  by  using  two  additional  addre^  btes>.The  ADSSK) 
thus  occupies  a  block  of  64  memory  word  iCMllkaiSjbut  offers 
considerable  ftedbility  in  DAC  iqidating.  ,'>.> .  ■ 

In  this  addressing  scheme,  the  AS  and  A4  lines  di^^de  ibe  64 
locations  into  4  blocks.  When  both  AS  and  A4  are  high,  no 
operation  occurs.  When  AS  and  A4  are  both  low,  data  written 
into  any  one  of  the  CACs  (selected  by  A3-A0)  will  immediately 
update  that  analog  output.  In  the  address  block  where  A4  is 
low  and  AS  is  high,  data  is  written  into  the  first  rank  register 
of  the  selected  DAC  (or  DACs).  When  AS  is  low  and  A4  is 
high,  data  previously  written  into  the  first  rank  register  of 
the  selected  DAC  is  transferred  to  the  second  rank  register, 
which  updates  the  analog  output.  It  is  particularly  useful  to 
perform  a  WK  operation  with  A5  low,  A4  high,  and  A3 
through  AO  all  low  (base  address  plus  32)  since  this  action 
will  cause  all  four  DAC  outputs  to  be  simultaneously  updated 
to  the  values  previously  written  into  the  first  rank  re^t^. 

In  both  addressing  schemes  shown,  AO  represents  the  kiist 
significant  leortf V^^^  bjknQ^  al^  16-bit  systems  this  will 
be  the'  M  MHek  Itae^^Stititiaiy  Jeside  in  either  the  ISMSBs 
(left-jnsti&ed}  or  ^  ^omst  12  Ms  (light-iastified).  Left  ^ 


Figure  3.  AD390-1 6-Bit  Bus  Interface 


A2  A1  AO  OPERATION 

X  X  0  SELECTDACt 

X  0  X  SELECTDAC2 

0  X  X  SE1ECTDAC3 

X  X  K  8a£CTMC4 

0  0  0  SELECTAUDACS 

A4,  AS;  BEE  TEXT 


tification  is  useful  when  the  data  word  repteaiBqts  a  Wtaiy 
ficaction  offiiU  scale,  while  ligfat-juMMida^jisually  sepiesents 
an  integerimlUe  between  0  and  4695i  •■■■••->  ■  ; 

8-Bit  Processors 

Since  the  AD390  is  designed  to  accept  data  in  12-bit  words, 
an  external  latch  is  required  in  order  to  interface  with  8-bit 
buses.  Thus  each  DAC  in  the  AD390  occupies  2  memory 
locations.  The  choice  of  data  format  is  similar  to  the  choice 
in  the  16-bit  bus  interface.  The  data  can  either  be  right-justified 
(one  byte  contains  the  8LSBs  and  another  the  4MSBs  in  the 
bottom  half  of  the  byte)  or  left-justified  (where  one  byte 
contains  the  8MSBs  and  another  the  4LSBs  in  the  top  half  of 
the  byte).  The  addressing  scheme  illustrated  in  Figure  6 
allows  12-bit  data  to  be  sent  to  the  first  rank  register  of  any 
DAC  in  a  right-justified  format.  The  first  rank  register  of 
DAC  occupies  two  meinory  locations-a  write  to  the  e*i^  (AO 
low)  address  st»rc!s  die  4MSBs  of  the  DAC  data  ih  a  74LS173 
quad  latch.  When  the  SLSBs  are  written  to  the«dd'«(Mc«gs 
(AO  ^  1),  die  eight  bits  present  on  the  data  bin  and  die  four 
lield  m  the  74LS173  are  strobed  into  the'first  rank  roister ' 
of.ae  selected  Qt&%AAdalress>  bits  ^  :thrcnigh>  iA4  seUj^^the 
DAC  to  be  addressed,  while  A6  and  AS  mable  either  the . 
first  or  second  rank  re^ster  (or  both)  as  in  the  16-bit  interfKC 
of  Figure  4.  !>-  -  ■■■•■.'M'J:. 

PIS  .  '  ^  . 

I   X  I    X  I   X  I  X  {ja^«)oa.|«»|DB7|M«|D6B|oB4|Da3|Da.|DBl|^,| 

a.  Right-Justified  Data  (0  s  D  4095); 


a[(DM|l»[DB7[0B||l«|w4|l)M|w^^  X  |  K  [  X  |  7] 

Si,..' 

K  Lm-JUstified  Data  (o  ^  D  :^  i^Mi} 
VcfUT  =  -10V  +  {20V  X  D) 
Figure  5.  12-Bit  Data  Rwmm'fmnS^Bit  Bus 


0  SBfCTOACI  LOW  BYTE 

1  SB^CTtkACIHUHBrTE 

0  SELECTOAC2LOWBYTE 

1  SELECT  OAC  3  HtQHBVTE 

0  SELECT  OAC  3  LOW  BYTE 

1  SELECTDACSHIGHBYTE 

0  SELECT  DAC  4  LOW  BYTE 

1  SELECT  OAC  4  HIGH  BVTC 


Figure  4.  Alternate  16-Bit  Bus  Interface 
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Figure  6.  AD390-8-Bit  Bus  lht0ii^fise  Connections 
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AD39Qf^Analog  Circuit  Details 

REFEi^NCE  CONNECTIONS  - 

The  is  e^df^i^  niith  a  precision  internal  reference 

voltage  of  iM.OO'  Voltsv  i^riinaiedtto  within  dirS  railliinilcsj  I'EUt'ir. 
reference  is  available  for  external  use  and  can  typicallys^p^<'« 
up  to  3.5  milliamps  of  output  current.  In  normal  operation,  this 
reference  is  connected  to  pin  17  (REF  IN),  which  establishes 
the  ±  10  volt  output  scale.  The  internal  reference  is  sufficiently 
accurate  for  most  applications,  however,  if  a  master  system 
reference  is  available,  or  if  a  range  other  than  ±  lOV  ( ±  10.24V, 
for  example)  is  desired,  an  external  reference  may  be  used.  It  is 
recommended  that  the  reference  used  with  the  AD390  be  at 
least  5  volts  and  at  most  1 1  volts  to  preserve  specified  linearity. 


Digital  Input  Code 

Analog  Output  Voltage 

0000x0000  0000 
0100  0000  0000 
1000  0000  0000 
1000  0000  0001 
llOA  mOi  OQOQ  . 
nil  IIJI 

-iftOeOV  -,-FuUScale 
-%m\           -1/3  Scale 
0.006V.  .  .   rKnT.siZm  . 
+4,mmy  ■  :    -.'h.ltSB,   : ,  . 
+.5;00ov   vi.     +i«Seale     .  . 
.+9.^S1V:       r +PullS$ale-lLSB 

Scale)  ■      :     ...  i;:  ,  t.i..,-i-:  '52 -i.-  . 

GROUNDING  RULES 

The  AD390  includes  two  ground  connections  in  order  to  minimize 
system  accuracy  degradation  arising  from  grounding  errors.  The 
two  ground  pins  are  designated  DGND  (pin  13)  and  AGND 
(pin  15).  The  DGND  pin  is  the  return  for  the  supply  currents 
of  the  AD390,  and  serves  as  the  reference  point  for  the  digital 
input  thresholds.  Thus  DGND  should  be  connected  to  the  same 
ground  as  the  digital  ciircuitry  which  drives  the  AD390. 

Pin  15,  AGND,  is  the  high  quality  analQ|^  grgund  connKtion. 
This  pin  should  serve  as  the  refef^ift  p«ffijtfQr  aU  Uttlog  cttcuitry 
which  follows  the  AD390.  It  is  recommended  that  any  axnl^ 
signal  path  carrying  significant  currents  bayetits  pvfOt  reUft 
connection  to  pin  IS  as  shown  in  Figure  7. 


TO  POWER  GROUND 


Figure  7.  Recommended  Ground  Connections 

Several  complications  arise  in  practical  systems,  particularly  if 
the  load  is  referred  to  a  remote  groimd.  These  complications 
include  dc  gain  errors  due  to  wiring  resistance  between  DAC 
and  load,  noise  due  to  currents  from  other  circuits  flowing  in 


power  ground  retarn  Impedances,  and  offsets  'dtte  to  ftBlliple 
load  curifettts  sharilig  die  same  sif^al  groimd  YeturiW.  WhSe  the 
AD390  outputs  are  accurately  developed  between  the  output  pin 
and  pin  15  (AGND),  delivering  these  signals  to  remote  loads 
can  be  a  problraiii  These  problems  are  compounded  if  a  current 
booster  il^'i^  We&i  c»r  if  multiple  AD390  packages  are  used. 
Figure  8  illustrates  the  parasitic  impedances  which  influence 
outp!^tjica«*5J.      ;  '  I, 
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Figure  8.  Grounding  Errors  in  Mttltipie-AD390  Systems 


'Umm  -• 


An  output  buffer  configured  as  a  subtractor  as  shown  in  Figure 
9  can  greatly  reduce  these  errors.  First,  the  effects  of  voltage 
drops  in  wiring  resistances  are  eliminated  by  sensing  the  voltage 
directly  at  the  load  with  R4.  The  voltage  drops  caused  by  currents 
flowing  through  Zga  are  eUminated  by  sensing  the  remote  ground 
directly  with  R3.  Resistors  Rl  through  R4  should  be  well  matched 
in  order  to  achieve  maximum  rejection  of  the  voltage  appearii^ 
across  Zga.  Resistors  matched  to  within  o^e  percent  (including 
the  effects  of  Rw2  and  Rw3)  will  reduce  g^mi4  tyteractimi 
errors  by  a  factor  of  100.  i 


R1-R4  MATCH  TO  1%  OR  BETTEH 


Figure  ft  Use  of  Subtractor  Amplifier  to  Preserve  Accuracy 
POWER  SUPPLY  DECOUPLING 

The  power  supplies  used  with  the  AD390  should  be  well  filtered 
and  regulated.  Local  supply  decoupling  consisting  of  a  10|iP 
tantalum  capacitor  in  parallel  with  0.1)i.F  ceramic  is  suggested. 
The  decoupling  capacitors  should  be  connected  between  the 
AD390  supply  pins  and  the  load  ground  (ide|lly  the  AGND 
pin).  If  an  output  booster  is  used,  its  sUfi 
decoupled  to  the  load  ground. 
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OmtATION  FROM  ±12  \«)LT  SUm.IE& 

The  A^3{K)  may  Jje  vis^  .with       voit,-;t5%,         supplies  if 
certain  conditions  are  met.  The  most  important  linutation  is  the 
output  swing  available  from  the  output  op  amps.  These  amplifiers 
are  capable  of  swinging  only  as  far  as  3  volts  from  either  supply. 
Thus,  the  normal  ±10  volt  output  range  cannot  be  used.  Changing 
the  output  scale  is  accomplished  by  changing  the  reference 
voltage.  With  a  supply  of  ±  11.4  volts  (5%  less  than  ±  12V),  the 
output  range  is  restricted  to  a  maximum  ±  g.4V  swing.  It  may 
be  useful  to  scale  the  output  at  ±8.192  volts  (yielding  a  scale 
fictor  Of  4  millivolts  per  LSB).  The  required  8.192V  reference 
can  be  derived  from  a  precision,  low  TC  divider  from  the 
internal  +  lO.OOOV  reference.  The  only  restriction  is  that  the 
total  load  resistance  presented  to  the  +  lO.OOOV  reference 
output  must  be  at  least  lOkfl  for  -  55°C  to  +  125°C  temperature 
range  12  volt  applications.  Figure  10  shows  a  suggested  circuit 
to  set  up  a  ±  8.192V  output  range.  Multiple  AD390  units 
can        th«  .;aaK  r«^ti:[^  ^^d^-g|»ierat^^  r^i^cg  ^ce^ ^ 


Figure  10.  Connections  for  ±8. 192V  Full  Scale  - 
(Recommended  for  ±  12V  Power  Supplies) 


IMPROVING  FULL-SCALE  STABILITY 

In  large  systems  using  multiple  AD390s,  it  may  be  desirable 
for  all  devices  to  share  a  common  reference.  While  it  is  possible 
to  use  the  reference  output  for  one  device  to  provide  a  reference 
for  all  devices,  use  of  an  external  precision  reference  can 
greatly  improve  system  accuracy  and  temperanu-e  stability. 
The  external  reference  should  be  at  least  +SV  and  at  most 
+  IIV  to  preserve  DAG  linearity. 

The  AD2710  is  a  suitable  reference  source  for  such  systems. 
It  features  a  guaranteed  maximum  temperature  coefficient  of 
±  lppm/°C,  compared  with  the  10  to  20ppm/°C  drift  of  the 
AD390  internal  reference.  The  combination  of  the  AD2710LN 
and  AD390KD  shown  in  Figure  1 1  will  yield  a  multiple-DAC 
system  with  maximum  full-scale  drift  of  ±  6ppm/°C  and 
exceUent  traddng. 


J  L 
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Figure  11.  Low  Drift  AD390 Configuration 


OUTPUT  CURRENT  BOOSTING  " 

The  output  amplifiers  used  in  the  AD390  are  capable  of- 
supplying  a  ±  10  volt  swing  into  a  resistiv>e:  load  of'2Ml 
greato*.  StabiUty  is  giunateed  for  load  cajiadtance  up  to 
300pF.  latgx  load'capadfafiee'llia;  canse  ^evme  oveijbaet 
and'pDMibte  eidllaiisti.'lke  setding  chatactette  «(f  die^ 
AD390  output  ampli6a- shown  in  Figtite12.       ■  r  v  ■ 
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a.  Alt  Bits  OFF-to^ON 


Figure  12.  AD390 Settling  Characteristic 

In  many  applications,  including  automatic  test 'equipment, 
the  load  presented  to  the  AD390  may  be  less  than  2kn  or 
include  large  capacitance.  In  such  cases,  it  is  advisable  to  use 
a  buffer  amplifier  capable  of  delivering  rated  output  to  the 
most  severe  load  anticipated.  The  AD382,  for  example,  can 
supply  ±  lOV  into  a  2000  load  and  the  AD3554  is  suitable 
for  load  resistances  down  to  lOOfl-  In  apphcations  where 
errors  due  to  output  boosting  must  be  minimized,  the  composite 
amplifier  shown  in  Figure  13  provides  excellent  dc  subiUty 
as  well  as  100mA  output  drive  capability. 
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Figure  13.  CompositeAmplifierforlncteasedOutputDrive 
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APPUCATIONS 

The  functknial  density  of  the  pecmits  cMvtoc  anklog 

funcdons  to  be  prodwiied  onder  distal  contml^  -ifyBse,  board 
space  lequienKiitKiKiiild  otjieiwnp  bpp  pn:4qtliti*e.>lnllipl»«iit- 
put  plotters,  miiltirdtuiiiel  :diqiiq»«id  coavdes  wanefiirni  :  ^ 
generaQoa-vid.mnltqilepnigwuaridie  w^nee«(^^  - 
be  implemeniied.iridi  tlie.AD39&ii«  a-irac^ea^^  As  qwerwlaeh 
would  be  needed  if  separate  IMGs  vKie  used.  :»  "  '     ''-  '  i 
PROGRAMMABLE  WINDOW  COMPARATOR 
The  AD390  can  be  used  to  perform  limit  testing  of  responses  to 
digitally-controlled  input  signals.  For  example,  two  DACs  may 
be  used  to  generate  software-controlled  test  conditions  for  a 
component  or  circuit.  The  response  to  these  input  conditions 
can  either  be  completely  converted  &om  analog  to  digital  or 
amply  tested  against  high  and  low  limits  generated  by  the  two 
remaining  DACs  in  the  AD390. 

In  the  circuit  of  Figure  14  two  LM311  voltage  comparators  are 
used  with  an  AD390  to  test  the  output  of  a  5  volt  power  supply 
regulator.  The  AD390  Vouri  output  (through  an  appropriate 
current  booster)  drives  the  input  to  the  regulator  to  simulate 
variations  in  input  voltage.  The  output  of  the  regulator  is  applied 
to  comparators  1  and  2,  with  their  outputs  wire-ORed  with 
LED  indicators  as  shown.  The  test  limits  for  each  comparator 
are  programmed  by  the  AD390  Voirrz  and  Voirr?  outputs. 
When  the  output  of  the  device  under  test  is  within  the  limits. 
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both  comparators  are  off  and  Dl  lights:  If  the  output  U  ab«»ve 
or  below  the  limits,  dOtevIM  or  DS  li^ts.'  .        ■  -  -Z 

USING  THE  AI»M  FtiR  ANJaXMB-TO-CttdktAiL'  C36N- 
VERSION 

Many  systems  require  both  analog  output  and  analog  input 
capability.  While  complete  integrated  circuit  analog-to-digital 
converters  (such  as  the  AD574A)  are  readily  available,  the  AD390 
can  be  used  as  the  precision  analog  section  of  an  ADC  if  some 
external  logic  is  available.  Several  types  of  analog-to-digital 
converters  can  be  built  with  a  DAC,  comparator,  and  control 
logic,  including  staircase,  tracking,  and  successive-approximation 
types.  In  systems  which  include  a  microprocessor,  only  a  com- 
parator must  be  added  to  the  AD390  to  accomplish  the  ADC 
function  since  the  processor  can  perform  the  required  digital 
operatioiis  under  software  control.  A  suitable  circuit  is  shown  in 
Figure  IS.  The  LM31 1  comparator  compares  the  unknown 
input  voltage  to  one  of  the  AD390  outputs  for  the  analog-to-digital 
conversion,  while  the  other  three  outputs  are  used  as  normal 
DACs:  Th6  diode  clam|>  tiiown  limits  the  voltage  iwiqg  ^  .the 
comparator  input  and  ikinctv^  sbhversion'^peed.  Wi&  ^efal 
layout,  a  new  comparison  can  be  performed  in  less  than  10 
microseconds,  resulting  in  12-bit  successive  approximation  con- 
version in  under  120  microseconils.  The  bendBt  of  the  AD390 
in  this  application  is  that  me  ADC  and  three  DACs  can  be 
implemented  mdi  only  two  IC  packages  (the  AD390  and  the 
conqnrator). 


"V  =  MH  -.  VouTt 


Figure  14.  Programmable  Window  Comparator  Used  in 
Power  Supply  Testing 


Figure  IS.  Using  OneAD390 Output  forA/D  Conversion 
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?;^93  jj^p-Compatible  Multiplying 
Quad  12-Bit  D/A  Converters 


AD394/AD395 


FEATURES 

Four  Complete  12-Bit  CMOS  DACs  with  Buffer 
Registers 

Linearity  Error  +1/2LSB  T„i„-T„a,  (AD394,  AD395ICT) 

Factory-Trimmed  Gain  and  Offset 

Precision  Output  Amplifiers  for  Vour 

Full  Four  Quadrant  Multiplication  per  DAC 

Monotonicity  Guaranteed  Over  Full  Temperature 

Range  I 
Fast  Settling:  15|is  Max  to  ±1/2LSB 
AvaHable  to  MIL^-STD-SSS  (See  ADI  MRittity  Catalog) 


PRODUCT  DESCRIPTION 

The  AD394  and  AD395  contain  four  12-bit,  high-speed,  low 
power,  voltage  output  multiplying  digital-to-analog  converters  in 
a  compact  28-pin  hybrid  package.  The  design  is  based  on  a 
proprietary  latched  12-bit  CMOS  DAC  chip  which  reduces  chip 
count  and  provides  high  reliability.  The  AD394  and  AD395 
both  are  ideal  for  systems  requiring  digital  control  of  many 
analog  voltages  where  board  space  is  at  a  premium  and  low 
power  consunq)tion  a  necessity.  Such  applications  include  auto- 
matic test  equipmait,^^»cess  contTollers,  and  vector  stroke 
displays. 

Both  the  AD394  and  the  AD395  are  laser-trimmed  to  ±  1/2LSB 
max  differential  and  integral  linearity  (AD394,  AD395K,T)  and 
full  scale  accuracy  of  ±0.05  percent  at  25°C.  The  high  initial 
accuracy  is  made  possible  by  the  use  of  precision  laser  trimmed 
thin-film  scaling  resistors. 

The  individual  DAC  registers  are  accessed  by  the  CSl  through 
CS4  control  pins.  These  control  signals  allow  any  combination 
of  the  DAC  select  matrix  to  occur  (see  Table  III).  Once  selected, 
the  DAC  IS  loaded  with  a  single  12-bit  wide  word.  The  12-bit 
parallel  digital  input  interfaces  to  most  12-  and  16-bit  bus 
systems. 

The  AD394  outputs  (Vrefin=  +  lOV)  provide  a  ±  lOV  bipolar 
output  range  with  positive-true  offset  binary  input  coding.  The 
AD395  outputs  (Vrepin  =  -  lOV)  provide  a  OV  to  +  lOV  unipolar 
output  range  with  straight- binary  input  coding. 

Both  the  AD394  and  the  AD395  are  packaged  in  a  2g-lead 
ceramic  package  and  are  available  for  operation  ovjer  A^  O  tp 
+  7(yC  and  -55°C  to  -I-  125°C  temperatvire  range. 


FUNcnoNyo.  block  diagrams 

A03K   -  AD394 


®- 


>  A  J*  D 


V  £  1. 


PRODUCT  inGHUGHTS  '        .  , 

1.  The  AD394,  AD395  tsBet  a  dramatic  reduction  in  jofiated 
dtcuit  board  space  in  systems  using  multiple  DACs. 

2.  The  use  of  CMOS  DACs  provides  low  power  consumption. 

3.  Each  DAC  xi  independently  addressable,  providing  a  versatile 
control  arcUtecture  for  ^mple  intet&ce  to  microprocessors. 
All  latch  Qoable  signals  are  level-triggered. 

4.  The  output  voltage  is  trimmed  to  a  fUl  scale  accoracy  of  ~ 
±0.05%.  Settling  time  to  ±  1/2LSB  is  15  microseconds 
maximum. 

5.  Maximum  gain  TC  of  5ppm/*C  is  achievable  by  both  the 
AD394  and  the  AD395. 

6.  The  monolithic  CMOS  DAC  chips  provide  excellent  linearity 
and  guaranteed monotonicity  over  the  full  operating  tanpera- 
ture  range. 

7.  The  28-pin  double-width  hybrid  package  provides  extremely 

high  functional  density. 

8.  Two  or  four  quadrant  multiplication  can  be  achieved  simply 
by  applying  the  appropriate  input  voltage  signal  to  the  selected 
DACs  reference  (Vrefin)- 

9.  Both  the  AD394S,TDjnd  AD395S,TD  feature  guaranteed 


mmma^TO-AmhQ6fcm}/mjms  z-m 


AD394/AD395-^PECIFICATI0NS 


(r«  =  +25°C,  Vim  =  lOV,  Vs  =  ±15V  unlBss  oUienMse  spedM 


Modd 


DATA  INPOTS  (Pins  1-16)' 
TTL  or  5  Volt  CMOS  Compatible 
Input  Voltage 

BitON(Logic"l") 
Bit  OFF  (Logic  "0") 
Input  Current  


RESOLUTION 


OUTPUT 
Voltage  Range' 

AD394 

/U3395 
CiiFient 


STATIC  ACCURACY 
Gain  Error 
Offset 

Bipolar  Zero  (AD394) 
Integral  Linearity  Error' 
Dif^rential  Linearity  Error 


THMPERATURE  PERFORMANCE 
Gain  Drift 
Offset  Drift 

Integral  Linearity  Error' 

Tmin  to  Tq,^ 

Differential  Linearity  Error  


REFERENCE  INPUTS 
•  Input  Resistance 
Vc^ageRange 


tmifSMIC  PERFORMANCE 
Settling  Time  (to  ±  1/2LSB) 
Vrefin  =  +  lOV.ChangeAllDigital 

Inputs  from  +  5  .OV  to  OV 
VREFWi  =  0to5VStcp, 
All  Digitallnpnts  =0V 
Reference  Feedthrough  Error* 
AD395 
AD394 

Crosstalk 
Digital  Input  (Static]' 
Refenenc^'   


POWER  REQUIREMENTS 
Supply  Voltage'" 

Current  (All  Digital  Inputs  OV  or  -l-  S  V) 
PuwerPiaaiptiop  


POWER  SUPPLY  GAIN  SH«SITiVITY 

+  Vs 


TEMPERATURE  RANGE 
Operating  (Full  Specifications)] ,  K 

,  .      .  S,T 


rrrf. 


AD394JD/SD' 
AD395JD/SD 
MIN  t*P 


MAX 


+  2.4 
0 


+  5.5 
+  0.8 
±40 


12 


—  Vrefin 

OV  to -(Vrefin) 


±0.05 

-O.l 

±0.025 

=  0.05 

±0.025 

.  ±1/4 

±3/4 

±3/4 

±10 

±10 

±1/2 

±3/4 

AD394KD/TD' 
AD39SKD/TD 
MIN  TYP 


MAX 


+  2.4 
0 


+  5.5 
+  0.8 
±40 


12 


±  Vrefin 

OV  to -(Vrefin) 


±0.025  ±0.05 
±0.012  -  ±0.025 
0". 

±1/2 

±1/4  ±1/2 


±1/8 


±5 
±5 


tl/4 


bl/2 


MONOTONICITY  GUARANTEED  OVER  FULL  TEMPERATURE  RANGE 


25 
+  11 


10 
10 


See  Figure  1 

._J»-,..  ! 

r  0.1 
2.0 


15 
15 


±13.5 


20 
I* 

570 


22 
750 


0.002 
0.002; 


0.006 
0.006 


-55 
-65 


+  70 
+  125 
+  150 


25 
+  11 


15 
15 


See  Figure  1 
250 

0.1 
2.0 


20 
18 
570 


±16.5 

28 
22 
750 


0.002 
0.002s 


0.006 
0.006 


0 

-55 
-65 


+  70 
+  125 
+  150 


uNrn 


V 
V 
jlA 


Bits 


V 
V 

mA 


VoofFSR" 

%ofFSR 

%ofFSIV 

LSB 

LSB 


ppmFSR/°C 
ppmFSR/°C 

LSB 


Ml 
V 


C* 

mVp-p 

nV*sec 

LSB 
mVp-p 


mA 
mA 


%FS/% 
%FS/% 


norms  ■■  . ,  , 

<AD3MaiidAD39SSuKlTgi»leiaRinitablenMIL-STp-883,MclhodS008.ClraB.SnAiialoaD^^  -  '  ' 

properputnumbertnddetailtpedfkatioii.  T 
^Timing  spedficatioiu  ippear  in  Table  IV  ind  Pigtue  S . 
H^ode  tabks  and  graphs  appear  on  Tbeoiy  of  Opentiao  page . 

*FSR  means  FuflScateRangr  and  i«  equal  to  2QV  fori  ±10V  bipolar  range  and  lOVforO  to  lOVunipolaf  range. 
'Integzal  nonlinearity  u  a  mcaaufe  of  the  nuaimiun  deviatkn&ama  stzsight  line  passing  though 

*FocAD39S(unipotar),DACngislerlo«lediridi0a0000l»(n0ll,VniFi>i  -MVprp.lOklbainewaK  -  20Vp-p,6 

^ThisisaineasiMe  of  die  anwunt  of  charge  injected  from  thfdigttl^Mtt  So  acanali^iqa^^ 

astfaeaicaaftlieglicchinnVsandisinessuicdwidiVKsni^^iiSiMiRS  tfJ^lXjOfi 
"Digiul  cnmtalk  is  de6ned  «t  die  chanse  in  any  one  ounmt's  afi^ajWltevifteHaicalilt  orany  oAiarAilllSe^^ 

into  a  2kn  load  by  means  of  varying  the  digital  input  code. 

^Reference  crosstalk  is  defined  ss  the  change  in  any  one  output  as  s  lesult  of  any  other  output  bein(dri«tBfitn  VamsoM  sa  Vounsax  @iflkHa 
into  a  2kll  load  by  means  of  vaiying  the  amplitude  of  the  tefeience  signal. 
"TheAD394aiidBieim39Scanbeaacdindisiip|ilyynilagriaslo»as±11.4V.FigmelO. 


AasaunBiuxniEiH-XAxnies*'' .  -  --I'^r  ^.  r^.iT 

-t-VstoDGND   .  *   .  .  -0.3V  to  +17V 

-  Vs  to  DGND  +0.3V  to  -  17V 

Digital  Inputs  (Pins  1-16)  to  DGND  .  .  .  .  .   -0.3V  to  +7V 

VRBFiNtoDGND  ;  .  .  . 'tu  .    .....  ±25V 

AGND  to  DGND   ±0.6V 


CAimON 


 .  :'/^^;!^';:mu   ..  hv^y-  — -  ^  — ■ — -.v — 

.  .'.  5      .  i  4.^^ .  .iSM  flnJrfioitfi  Sunts  AiaiD^/DCaiO 
-!  rt  ■       ;  •  ■MBnmmary  Short  to  ±^ 

*Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may 
cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and 
functional  operation  of  the  device  at  these  or  any  other  conditions  above 
those  indicated  in  the  operational  sections  of  this  specification  is  not 
implied.  Exposure  to  absolute  maximum  rating  conditions  for  extended 
periods  may  affect  device  reliability . 


ESD  (dec^rostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protect- 
ed; however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy 
electrostatic  fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shiaitt.,l%»{>09teetiTe 
foam  should  be  discharged  to  the  destination  socket  before  devices  are  removed.' -  ■   )i  :  ■! 


The  rigors  of  the  military/aerospace  environment,  temperature 
extremes,  humidity,  medianical  stress,  etc.,  demand  the  utmost 
in  electronic  circuits.  The  AD394,  AD395,  with  the  inherent 
reliability  of  integrated  circuit  construction,  were  designed  with 
these  applications  in  mind.  Tlie  hermetically-sealed,  low  profile 
DIP  package  takes  up  a  fraction  of  the  space  required  by  equivalent 
modular  designs  and  protect  the  chips  from  hazardous  environ- 
ments. To  further  insure  reliability,  the  AD394,  AD395  are 
both  fiiUy  compliant  to  MIL-STD-8g3  Class  B,  Method  S008. 

Consult  Analog  Devices  Military  Catalog  for  proper  ordering 
part  number  and  detail  jpedfiewiw^  . 


FEN  CONFIGUBATION 


B5  ^ 
B6  T 
B7  T 


Figure  1.  AD394  Feedthrough  Vrefin  =  60Hz  (top  photo}  and 
400Hz  (bottom  photo)  Sinewave.  Digital  code  is  set  at  1000 

0000000. 

SCALE:  Reference  Input  5V/DIV (Thin  Trace) 
-  Feedthrough  Output 5mV/DIV 

TIME:  Top  Photo  5ms  DIV  ] 
Bottom  Photo  500/xs/DlV 


LSB  wa 


AD394/ 
AD395 
TOP  VIEW 
|N«  To  Scale) 


la]  Vwwi 

"27]  VouTJ 

"ts]  +15V 

"24]  Voun 
li]  AGND 

^o]  -TSV 

3 


DGND 
CS4 


Tonperatnie 

Linearity  Error 

Package 

Model 

Range 

Gain  Error 

Option* 

AD»i§D" 

Oto  +70°C 

+  4LSB 

±3/4LSB 

DH-28A 

AD39SJD 

0to+70^ 

+4LSB 

+3/4LSB 

DH-28A 

AD394KD 

0to+70°C 

+2LSB 

±  1/2LSB 

DH-28A 

AD395KD 

Oto  +70°C 

+2LSB 

±  1/2LSB 

DH-2gA 

AD394SD 

-55X:to  +  12S°C 

+4LSB 

+  3/4LSB 

DH-2gA 

AD395SD 

-55°Cto  +  125°C 

+4LSB 

±3/4LSB 

DH-2^ 

AD394TD 

-55°Cto  +  125°C 

±2LSB 

±1/2LSB 

DH-2i^ 

AD395TD 

-55°Cto  +  12S°C 

+2LSB 

±1/2LSB 

DH-28A 

*DH-2gA  =  Ceramic  DIP.  FwoatUneiiifiinnatiimaKPadageliifoniiationaectiaii. 


AD394/AI)3|5^Theory  of  Operaffon 

The  AD394  quad  DAC  im>«idtii  fouiMllUdfwrmilltipU^ 
It  is  a  hybrid  IC  comprised  of  four  mooalidw:  lUait  ^OS 
multiplyiiig  DACs  and  eight  precision  ouqmt  anqdifien.  Each 
of  the  four  independent-buffered  channeb  has  an  independent 
reference  input  capable  of  accepting  a  separate  dc  or  an  ac  signal 
for  multiplying  or  for  function  generation  applications.  The 
CMOS  DACs  act  as  digitally  programmable  attenuators  when 
tiled  with  a  varying  input  signal  or,  if  used  with  a  fixed  dc 
reference,  the  DAC  would  act  as  a  standard  bipolar  output 
DAC.  In  addition,  each  DAC  has  a  12-bit  wide  data  latch  to 
buffer  the  converter  when  connected  to  a  microprocessor  data 
bus. 

The  AD39S  quad  DAC  provides  two-quadnnt.iiiattq>licition 
and  is  compr^ed  of  four  12-bit  CMOS  multiidying  DACs  and 
fimr  preds&m  outpbt  atiiiilifictt.  The  iMD-qnuinait-imilt^idicttion 
fimction  arises  from  a  smight-lrinaiy  digital  inputjBtliltq^ied.'tgr 

•■■    ■  I  I  I  I  I  I  HI         ■  ■-'I'"-' 

,  ^  i  i  i  i  i  i  i  i  i  "  •  ; 


Figure  2.  AD394  as  a  Four-Quadrant  Multiptier  of  R^^eme 
Input  and  Digital  Input 


AMALOCOUTPUTVOLTAGEVajEFDi  =  +10VOL1S 


a  bipolar  aiudag  ttipttt  whidi  results  in  m^iuai&ant  inultiiiUai- 
tion.  The  AD39S  can  ateO'Operate  as  a  stancliMMnqxflai!DAG-' 
when  a  fixed  dc  reference  is  applied  to  Vrefin- 

MULTIPLYING  MODE 

The  figures  below  show  the  transfer  function  for  each  model. 
The  diagrams  indicate  an  area  over  which  many  different  com- 
binations of  the  reference  input  and  digital  input  can  result  in  a 
particular  analog  output  voltage.  The  highlighted  transfer  line  in 
each  diagram  indicates  the  transfer  function  if  a  fixed  reference 
is  at  the  input.  The  digital  codes  above  each  diagram  indicate 
the  mid  and  endpoints  of  each  function.  The  relationship  between 
the  reference  input  (Vrefin)  the  digital  input  code  and  the 
aiuilog  output  is  given  in  Tables  I  and  II  below.  Note  that  the 
reference  input  signal  sets  the  slope  of  the  transfer  function  (and 
determines  the  full  scale  output  at  code  111  .  .  Ill)  while  the 
digital  input  selects  the  horizontal  position  in  each  diagram. 


1  1  1  1  1  ill 
i  i  i  i  i  ill 


Figure  3.  AD395  as  a  Two-Quadrant  Multif^er  of  Reference 
Input  and  Digital  Input  .-  ' 


Tablet.  AD394  Bipolar  Code'table 


DATAmrUT 

ANALOG  OUTTirr 

ANALOCOUTPUTVOLTAGEVbefin  =  +  UVfH.TS 

nil    lui  nil 

1000      0000  0000 
0000      MWO  0001 
0000      0000  0000 

-I'ffMHM) 

-i-{Vmfin)  (~) 

-■•(VRERhi)  j^j 

-1-(Vrhf,n)  [^] 

-9.9976V  -FtH^SCALE-im 
-S.OOOV  -1/2SCAIS 
-2.44nV  -ILSB 
0.000V  ZERO 

■  ( 

Table  tl  AD395  Unipolar  Code  Table 

vnAn  nnM^  ^^k*^^  KMM^aj  m^vmmnd. 

The  AP394  and  AD395  tmBfH        PHlflel  data  in  response 
to  control  agpais  CS1-CS4.  As:  detailed  in  Table  III,  the  four 
chip  select  lines  are  used  to  addiess  the  DAC  lejpster  of  interest. 
It  is  permissible  to  have  more  than  one  chip  select  active  at  any 
time.  Jf  GS1-CS4  ar$  all  brought  low  cdncidenti  all  four  DiS^o  .. 
(^tpi^      be  <)ip#ued  ta  die  value  located  tm  the  data  bmt.  M. 

@I    €^  CS4    Opctation.  ,   a  n.-. '-i? 


1  1  All  DACs  Latched 

1  1  Load  DAC  1  From  Dau  Bus 

1  1  Load  DAG  2  From  Data  Bus 

0  1  Load  DAC  3  From  Data  Bus 

1  0  LoadDAC4Ft«im'DataBus 

0  0  All  DACs  Simultaneously  Loaded 

Tabie  m.  DAC  Select  Matrix 


tcs  Chip  Select  Pulse  Width      170'"''  '  '  BSmin 

Ida  Data  Access  Time             0           '  '        nsmin  ' 

tDs  Data  Set-Up  Time            150'  nsmin 

toH  DataHoldTime             "5     '•'<'■"-'  nsmin 

'  fmf0Wr'Mm^;MD39STlmtng  Specif icatfott's 


T 

±1/2LSB 


V   "  1 


THUHNG  MEASUREMENT  REFERENCE  LEVEL  IS  |V,h  +  V,i.tl2 

MODE  SELECTION 


Figure  4.  AD394  (Bipolar)  Functional  Block  Diagrari^i 
TIMING 

The  AD394,  AD395  control  signal  timing  is  very  straightforward. 
CS1-CS4  must  maintain  a  minimum  pulsewidth  of  at  least  170ns 
for  a  desired  operation  to  occur.  When  loading  data  from  a  bus 
into  a  12-bit  wide  data  latch,  the  data  must  be  stable  for  at  leasi 
150ns  before  returning  CS  to  a  high  state.  When  the  CS  is  low, 
the  data  latch  is  transparent  allowing  the  data  at  the  input  to 
i^B&pa0m  throi^  to      DAC.  Data  can  change  immediatiely 

after  the  chip  select  returns  hi^h.  DAC  settling  time  is  measured 
from  the  falling  edge  of  the  active  chip  select. 


HOLD  MODE 

ILQW.DAC  RESPONDS  TO  CSHIGH,DATABUSiaf«ti«*Bfe  ! 

p&aUSIdbO-dbllllNPUTS        LOCKEDOUT;  D4C>lfflSD^j^9e^ 


Figure  6,  AD395  (UnipolariJ 


ek  Diagram 


GROUNDING  RULES 

The  AD394  and  AD39S  include  two  ground  ctmnections  in 
order  to  minimise  system  accuracy  degradation  arising  from 
grounding  errors.  The  two  ground  pins  are  designated  DGND 
(pin  17)  and  AGND  (pin  23).  The  DGND  pin  is  the  return  for 
the  supply  currents  of  the  AD394,  AD39S  and  serves  as  the 
reference  point  for  the  digital  input  thresholds.  Thus  DGND 
should  be  connected  to  the  same  ground  as  the  circuitry  which 
drives  the  digital  inputs. 

Pin  23,  AGND,  is  the  high-quality  analog  groimd  connection. 
This  pin  should  serve  as  the  reference  point  for  all  analog  circuitry 
associated  with  the  AD394,  AD395.  It  is  recommended  that  any 
analog  signal  path  carrying  significant  currents  have  its  own 
return  connection  to  pin  23  as  shown  in  Figure  7. 


can  be  ■  proUetn.  Thew  pcoUems  are  oompooiided  if  a  cnrrent 
booMer  stage  is  wed,  or  if  multqde  AD394,  AD39S  padages 
-m-mei.-¥iipua  8  iBoatnues  the  paiasitic  inqiedaiioes  iAicb. 
influence  outinit  aoeuncy.- 

An  output  buffer  configured  as  a  subtractor  as  shown  in  Figure 
9  can  greatly  reduce  these  errors.  First,  the  effects  of  voltage 
dr^ps  in  wiring  «eastances  is  eliminated  by  sensing  the  voltage 
diiectfy  it  thb  Ml  with  R4.  The  voltage  drops  caused  by  cUltents 
flowoig  thiaa^  Zga  are  eliminated  by  sensing  ^  remote  groand 
dtfec%  with  R3.  Resiston  Rl  through  R4  Aoiild  be  weD  milcfaed 
in  order  to  adnerfe  miiiiiiiiiaS  lejection  of  the  voltage  appearing 
across  Zqa-  Rctililnn  naUflfed  to  widiin  one'  pttecM  (inchiding 
the  effects  of  Rw2  and  Rws)  will  redBaMoA^.mteractian 
errors  by  a  factor  of  100.         i'*"*  ^'^         '        -■  ■  > 

R4  lOk  Rw2 


SHOWN  WITH  ALL 
FOURDACsIN 
MULTIPLYING 
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Figure  7.  Recommended  Ground  Connections 

Several  complications  arise  in  practical  systems,  particularly  if 
the  load  is  referred  to  a  remote  ground.  These  complications 
include  dc  gain  errors  due  to  wiring  resistance  between  DAC 
and  load,  noise  due  to  currents  from  other  circuits  flowing  in 
power  ground  return  impedances,  and  offsets  due  to  multiple 
load  currents  sharing  the  same  signal  ground  returns.  While  the 
DAC  outputs  are  accurately  developed  between  the  output  pin 
and  pin  23  (AGND),  deliveiing  these  signals  to  remote  loads 


REMOTE  GROUND 


A1.A3:  OPnOIUL  CUKRENT  BOOSTERS 
Rwt-Rwa^  WIRING  RESISTANCES 


AD394 


DGND  AGND 


RUM  MATCH  TO  1%  OR  BETTER 


Figure  9.  Use  of  Subtractor 
Accuracy 
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OPERATION  FROM  ±12  VOLT  SUPPLIES 

The  AD394,  AD395  may  be  used  with  ±  12  vok  ±5%  power 
supplies  if  certain  conditions  are  met.  The  most  important  limi- 
tation is  the  output  swing  available  from  the  output  op  anqn. 
These  amplifiers  are  capable  of  swinging  only  as  far  as  3  vvdts 
from  either  supply.  Thus,  the  normal  ±  10  volt  output  range 
cannot  be  used.  Changing  the  output  scale  is  accompUshed  by 
changing  the  reference  voltage.  With  a  supply  of  ±11.4  volts 
(5%  less  than  ±  12V),  the  output  range  is  restricted  to  a  maximum 
±8.4V  swing.  It  may  be  useful  to  scale  the  output  at  ±8.192 
volts  (yielding  a  scale  fiunor  of  4  millivolts  per  LSB). 

Figure  10  shows  a  suggested  circuit  to  set  up  a  ±8. 192V  output 
range.  To  help  prevent  poor  gain  drift  due  to  possible  mismatch 
between  Km  md  Rhievenin  of  divider  networit  it  is  recommended 
to  buffer  the  poientionwter  wiper  voliage  widi  an  OP-07. 


TO  POWER 
.QROUND 


Figure  8.  GrmmtUng  Errors  in  Multiple-AD394,  A039S 
Systems 


Figure  10.  Connections  for  ±8. 192V  Full  Scale 
(Recommended  tor  ±  12V  Power  Supplies) 
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FOWER  SUPPLY  DECOUPLING 

The  iMi99  nqiplies  used  witii  the  A0394.  AD39S  should  be 
well  ffliend  and  tegulated.  Local  supply  decoupUng  consiidng 
of  a  10|iP  tantalum  capadtor  in  parallel  with  0.1|iF  cetamic  is 
suggested.  The  deoaiiipling  Gapacitandiouldbe,coDnected  between 
the  AB394  supply-  innsi  and  the  AGND  pin.  If  an  output  hqoMer 
is  used^  Its  supplks  should  also  be  decoupled  to  the  load 
ground. 

IMFKOVING  FULL-SCALE  STABILrTY 

In  large  systems  using  multiple  DACs,  itmay  be  desirable 

for  all  devices  to  share  a  common  reference.  A  precision 

reference  can  greatly  improve  system  accuracy  and  temperature 

stability. 

The  AD2710  is  a  suitable  trference  source  for  sudi  systems. 
It  features  a  gMranw»d  -ma»iimnn4empetatnre  coefiicient  at 
±  lppm/°C.  The  (SomftinttialiMOf     AD2710U4  and  AD394, 
AD39S  dwwsin  Fignie  11  waiyiKldiamuh^^bAC'syslett' 
with  mi^dmumfidl^iiidexiitft  of '±^6^^)ifi^  '"■■>"' 
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Figure  11.  Low  Drift  AD394,  AD39B  Configuration  i 
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Applications 


INTERFACING  THE  AD394,  AD395  TO 
MICROPROCESSORS 

The  AD394,  AD39S  control  logic  provides  simple  interface  to 
microprocessors.  The  individual  latches  alliiw  for  multi-DAC 
interfacing  to  a  single  data  bus. 

16-BIT  PROCESSORS 

The  AD394,  AD39S  are  12-bit  resolution  DAC  systems  and  are 
easily  inter&ced  to  l6-bit  wide  data  buses.  Several  possible 

addressing  configurations  exist. 

In  the  circuit  of  Figure  12,  a  system  write  signal  is  used  to 
control  the  decoded  address  lines  and  a  74LS139  decoder  driven 
from  the  least  significant  address  bits  provides  the  active-low 
CSl  through  CS4  signals.  In  the  circuit  of  Figure  12,  address 
lines  AO  and  Al  each  select  a  single  DAC  of  the  four  contained 
in  the  AD394  or  AD395.  The  use  of  a  separate  address  line  for 
each  DAC  allows  several  DACs  to  be  accessed  simultaneously. 
The  address  lines  are  gated  by  the  simidtaneous  occurrence  of  a 
system  WK  and  the  appropriately  decoded  base  address. 

In  the  addressing  scheme  shown,  AO  represents  the  least  significant 
word  address  bit.  Data  may  reside  in  either  the  12MSBs  (left-jus- 
tified) or  the  l2LSBs  (right-justified).  Left  justification  is  usefiil 
when  the  data  word  represents  a  binary  fraction  of  full  scale, 

while  right-justified  im^mil^ :^mS!e>iBim!!»mm^  whie 
between  0  and  409S. 


Oil 

DO 

— -  ,-  ■.- 
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CS4 
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Figure  12.  AD394,  AD395  J6-Bit  Bus  Interface 
8-BIT  PROCESSORS 

The  circuit  of  Figure  13  shows  the  general  principles  for 
connecting  the  AD394  or  the  AD39S  to  an  8-bit  data  bus. 
The  74LS244  buffers  the  data  bus;  its  outputs  are  enabled 
when  the  DAC  address  appears  on  the  address  bus.  The  first 
byte  sent  to  the  DAC  is  loaded  to  the  74LS373  octal  latch 
and,  when  the  second  byte  is  sent  to  the  DAC,  it  is  combined 
with  the  first  byte  to  create  a  12-bit  word.  The  connections 
shown  are  for  right-hand  justified  data.  CS  and  WK  inputs 
to  the  DAC  are  also  gated,  and  when  active,  the  DAC  is 
loaded.  Pull-up  resistors  at  the  output  of  the  74LS244  buffer 
ensure  that  the  inputs  to  the  DAC  do  not  float  at  an  iU-defined 
level  when  the  DAC  is  not  being  addressed.  This  method  of 
connecting  12-bit  DACs  to  an  8-bit  daa  bus  is  most  cost 
tSkaim  when  nmltqde  DJ^jrafrf^^nMte  t^jdati  %us 
applications.  .» i  i 


Figure  13.  AD394,  AD395  8-Bit  Data  Bus  Internee 
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tqrie-oatput  plonen,  mnlti-chaiuid  displays  and  complex 
wavefonn  generation  and  multiple  prognmnuble  voltage  sources 
can  all  be  implemented  with  the  A0394  or  AD39S  in  a  fiactim 
of  the  space  which  would  be  needed  if  separate  DACs  Were 
used. 


USING  THE  AD394  FOR  ANALOG-TO-DIGITAL 
CONVERSION 

Many  ssrstems  require  both  analog  output  and  analog  input 
capability.  While  complete  integrated  circuit  analog-to-digital 
converters  (such  as  the  ADS74A)  are  readily  available,  the  AD394 
can  be  used  as  the  precision  analog  section  of  an  ADC  if  some 
external  logic  is  available.  Several  types  of  analog-to-digital 
converters  can  be  built  with  a  DAC,  comparator,  and  control 
logic,  including  staircase,  tracking,  and  successive-approximation 
types.  In  systems  which  include  a  microprocessor,  only  a  com- 
parator must  be  added  to  the  AD394  to  accomplish  the  ADC 
function  since  the  processor  can  perform  the  required  digital 
operations  under  software  control.  A  suitable  circuit  is  shown  in 
Figure  14.  The  AD311  comparator  compares  the  unknown 
input  voltage  to  one  of  the  AD394  outputs  for  the  analog-to-digital 
conversion,  while  the  other  three  outputs  are  used  as  normal 
DACs.  The  diode  clamp  shown  limits  the  voltage  swing  at  the 
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Figure  14.  Using  One  AD394  Output  for  A/D  Conversion 

compaiator  input  and  improves  conversion  qieed.  With  careful 
layout,  a  new  comparison  can  be  performed  in  less  than  IS 
nucrosixonds,  resulting  in  12-bit  successive  approximation  con- 
veisian'in  under  180  microseconds.  The  benefit  of  the  AD394 
in  diit  appUcation  is  that  one  ADC  and  three  DACs  can  be 
implemented  with  only  two  IC  packages  (the  AD394  and  the 
comparator). 

PROGRAMMABLE  WINDOW  COMPARATOR 

The  AD39S  can  be  used  to  perform  limit  testmg  Of  responses  to 
digitally-controlled  input  signals.  For  examplej  two  DACs  may 
be  used  to  generate  software-controlled  test  conditions  for  a 
component  or  circuit.  The  response  to  these  input  conditions 
can  either  be  completely  converted  from  analog  to  digital  or 
simply  tested  against  h^  and  low  limits  generated  by  the  two 
lemamiDB  DACs  in^^^^^^:. 
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A1 :  DAC  OUTPUT  BOOSTBt 

A2,  A3:  AOail  COMPARATOR  (OR  EQUIVALEHT) 


Figure  'IS.  Programrnable  Window  Comparator  Used  in 
Power-Supply  Testing 

In  the  circuit  of  Figure  IS,  two  AD311  voltage  comparators  are  ' 
used  within  AD39S  to  test  the  output  of  a  S  volt  power-supply 
regulator.  The  AD39S  Voun  ouqiut  (through  an  appropriate 
current  booster)  drives  the  input  to  the  regulator  to  simulate 
variations  in  input  voltage.  The  output  of  the  regulator  is  applied 
to  comparators  1  and  2,  with  their  outputs  wire-ORed  with 
LED  indicators  as  shown.  The  test  limits  for  each  comparator 
are  programmed  by  the  AD395  Vout2  and  Voim  outputs. 
When  the  output  of  the  device  under  test  is  within  the  limits, 
both  comparators  are  off  and  Dl  lights.  If  the  output  is  above 
or  bdow  the  liaiits,  either'EW  or  DS  lights.  ^ 

AD39S  AS  A  MULTDUER  AND  ATTENUATOR 

So  fiu,  it  his  been  aisiimed  that  tlie  lefeHBoe  'railage  Vrbiiik  is 
fixed.  In  bet,  VrbfiH  ^  ^  any  voltage  within  the  range  (-  IIV 
<  Vrefin  <  +  IIV).  it  can  be  negative,  positive,  sinusoidal  or 
whatever  the  user  prefers.  This  leads  to  the  name  "Multiplying 
D/A  Converters"  because  the  output  voltage,  Voirri  is  proportional 
to  the  product  of  the  digital  inpat  word  and  the  v^haoe  al^the  \\ 


VoDT  =  - 1  •  (Vrehn)  •  ^      ■  :$ll<i)<40»).'!.  ' 

D  is  the  fractional  binary  value  of  the  digital  word  applied  to 
the  converter.  The  AD395  multiplies  the  digital  input  value  by 
the  analog  input  voltage  at  Vrefin  for  any  value  of  Vkefin  up 
to  22V  p-p.  This  in  itself  is  a  powerful  tool.  Any  applications 
requiring  precision  multiplicabon  with  minimal  zero  offset  and 
very  low  distortion  should  consider  the  AD39S  as  a  candidate. 
One  popular  use  for  AD39S  is  as  a  audio  fiequency  attenuator. 
The  audio  signal  is  applied  to  the  Vrefin  input  and  the  attenuation 
code  is  applied  to  the  DAC;  the  output  voltage  is  the  product  of 
the  two  -  an  attenuated  version  of  the  input.  The  mavimnm 
attenuation  range  obtiiinaUe'ittilizing'  U-bits  ite  4(^:1  or  TSZdb..  - 


^  ,AP395 

Voun 

Vqutk  — 

Vrefins 

VoUTS 

VreHN4 

VoUT4 

DKSITAI- FRACTION  D 
'       (FROM  ANftLOG-TO-DrGiTAL  CONVERTER! 

Figure  16.  AD395  as  a  Multiplier  or  Attenuator 
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FEATURES 

Four,  Pre-Trimmed,  14-Bit  CMOS  DACs 
Double  Buffered  for  Simultaneous  Update 
Precision  Output  Amplifiers  for  Voltage  Out 
Full  Four  Quadrant  Multiplication  -  Independently 

Pinned  Out  DAC  Reference 
Monotonicity  Guaranteed  Over  Full  MIL  Temp.  Range 
Low  Power  -  780mW  Max 

Small  28  Lead,  Hermetic  Double  DIP  Package  { 
MIL-STD-883  Ptocassing  Available 


PRODUCT  DESCRIPTION 

The  AD396  is  a  high-speed  microprocessor  compatible  Quad 
14-bit  digital-to-analog  converter.  The  AD396  contains  four  14- 
bit,  low  power  multiplying  digital-to-analog  converters  followed 
by  precision  voltage  output  amplifiers  all  in  a  compact  28-pin 
hybrid  package.  The  design  is  based  on  a  proprietary  latched 
14-bit  CMOS  DAC  chip  which  reduces  chip  count  and  provides 
high  reliability. 

The  AD396  (K,  T)  is  laser-trimmed  to  ±  ILSB  max  differential 
and  integral  linearity,  and  to  full-scale  accuracy  of  ±0.05  percent 
at  25°C.  The  high  initial  accuracy  is  made  possible  by  the  use  of 
precision  laser  trimmed  thin-film  scaling  resistors. 

The  individual  DAC  registers  are  accessed  by  the  CSl  through 
CS4  control  pins.  These  control  signals  allow  any  combination 
of  the  DAC  select  matrix  to  occur  (see  Table  III).  Once  selected, 
the  DAC  is  loaded  with  right-justified  data  in  two  bytes  from  an 
8-bit  data  bus.  Standard  Chip  Select  and  Memory  Write  logic  is 
used  to  access  the  DACs.  Address  lines  AOj-and  Al,  control- • 
internal  register  loading  and  transfer. 

The  AD396  outputs  (Vref=  +  lOV)  provide  a  ±  lOV  bipolar 
output  range  with  positive-true  offset  binary  input  coding. 

The  AD396  is  packaged  in  a  28-lead  ceramic  DIP  package  and 
is  available  for  operation  over  the  0  to  +70PC  and  -55°C  to 
+  125''C  temperature  range. 

The  AD396  is  for  systems  requiring  digital  control  of  many 
analog  voltages  where  board  space  is  at  a  premium  and  low 
power  consumption  a  ilecessity .  Such  appUcations  include  auto- 
matic test  equipment,  process  controllers,  and  vector  stroke 
displays.  ,  ' 

PRODUCT  HIGHLIGHTS 

1.  The  AD396  offers  a  dramatic  reduction  in  printed  circuit 
board  space  in  systems  using  multiple  DACs. 

2.  The  use  of  CMOS  DACs  provides  low  power  consumption. 

3.  Each  DAC  is  independently  addrcssifble,  {ffovidinfe  i  versi^ 
control  architecture  for  simple  inter&ce  :to  miccoproeessocs.- 
All  latch  enable  signals  are  level-triggered. 

4.  The  output  volt^e  is  trimmed  to  a  full-scale  acciiracy  of 
2:0,03%.  SeitBtig  time  to  ±  IffliSfrJs  tS  'ialwosee'dnas 
TTiaYiTnnni . 

Tbis  is  an  abridged  version  of  the  data  sheet.  To  obtain  a  comjdete  dsita 
sheet,  contact  your  nearest  sales  office. 
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FUNCTIONAL  BLOCK  DIAGRAM 
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5.  Maximum  gain  TC  of  5ppm/°C  is  achievable  by  the  AD396. 

6.  The  monolithic  CMOS  DAC  chips  provide  excellent  linearity 
and  guaranteed  monotonicity  over  the  full  operating  tpa- 
peramre  range. 

7.  The  28-pin  double-width  hybrid  package  provides  extremely 
high  fiinetionsd  dmsity. 

8.  Four  quadrant  multiplicadpn  can  be  achieved  simply  by 
applying  the  appropriate  input  voltage  signal  to  the  selected 
DACs  reference  (Vggpjn). 

7  r .  9.  -I&ft  AD396Si,  T  features  guaranteed  accuracy  and  linearity 
over  the  -  55°C  to  +  IIS'C  tempefatQre  range. 
10.  MIL-STD-883  processing  is  available.  See  Analog  Devices 
MilStaify  Data  Sheet  for  further  information. 
i'BcQteeti^  against  power  supply  surges  is  included  within 
the  AD396.  •  -i-.sijouiiiiiiiaino.j.  .ir. 
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AD396-- SPECIFICATIONS  (T,  =  +2S°C,  Vkfh  =  10V,  Vs  =  ±1SV  utm  oOiiinrise  specified) 


Model 

AD394D/SD' 

AD396KOrn>' 

MIn 

— ^T^T,-  

Max 

Min 

Typ 

UA 1 A  lINrU  1  o  ^rins  1-10^ 

-  -  - 

TTL  or  5  Voh  CMOS  Compatible 

Input  Voltage 

i         Bit  ON  (Logic"!") 

+  2.4 

+  5.5 

+  2.4 

+  5.5 

V   

Bit  OFF  (Logic  "0") 

0 

+  0.8 

0 

+  0.8 

V 

Input  Current 

±4 

±40 

±4 

±40 

mA       :j  ,-:,;.> 

RESOLUTION 

-  . 

14 

■  ' ' -  -■  t- 

T4' 

■  JHts  '         "  •  ■ 

OUTPUT 

Voltage  Range^ 

*"rbfin 

—  "Refin 

Current 

5 

5 

mA        "  '* 

STATIC  ACCURACY 

Gain  Error 

±0.05 

±0.1 

±0.025 

±0.05 

%ofFSR'' 

0£&et 

±0.025 

±0.05 

+0.012 

♦0.025 

%ofFSR 

Bipi^Zero 

±0.025 

*e;012  -i 

Intend  Linearity  Error^ 

±1 

±2 

±13 

±1 

,  .ISA  " 

Differential  Linearity  Error 

±1/2 

±1 

+  1/2 

±1 

LSB 

TEMPERATURE  PERFORMANCE 

Gain  Drift 

±10 

±5 

ppm  FSR/°C 

Offset  Drift 

±10 

±5 

ppmFSIVC 

Integral  Linearity  Error^ 

1 

i 

±  1 

±2 

±1/2 

±1 

LSB 

-55Xro  +  !25"C 

±2 

±4 

±  1 

±2 

LSB 

Differential  Linearity  Error 

MONOTONICrr Y  guaranteed  OVER  FULL  TEMPERATURE  RANGE 

REFERENCE  INPUTS  i  

Inp^'ResistaiKe  

5 

t 

25 

5 

25 

kn 

.  Voio^Range 

-11 

+  11 

-11 

+  11 

Settling  Time  (to  ±  1/2LSB) 

'REFiN  —  +  luv,  cnange  All  Uigitai 

10 

15 

10 

15 

1^        • .      _  . 

Vrefin=  OtoSVStep, 

All  Digital  Inputs  =0V 

10 

15 

10  ' 

15 

■:.  ; 

Reference  Feedthrough  Enor^ 

5 

■5„      -  , 

mVp<p  :  ■ 

Digital-to-Analbg  Glitch  Bnpiilse' 

250 

nV-sec     ■    _( .     ;  1, 

-2«) 

Crosstalk 

Digital  Input  (Static)' 

1/2 

1/2 

LSB      ^  ■ 

Reference' 

4.0 

4.0 

mV  p-p  I 

POWER  REQUIREMENTS 

Supply  Voltage'" 

±13.5 

±16.5 

±13.5 

±16.5 

V 

Ciinait(AllDigitalInpatsOVor  +5V) 

+  Vs- 

20 

28 

20 

28 

mA 

-Vs 

18 

22 

18 

22 

mA 

Power  Dissipation 

570 

780 

570 

780 

mW 

POWER  SCPPLYtSAINSENSHTVrrY 

+V,                            ..  _ 

0.002 

0.006 

0.002 

0.006 

%FS/% 

-Vs 

0.0025 

0.006 

0.0025 

0.006 

%FS/% 

TEMPERATURE  RANGE 

Operating  (Full  Specifications)],  K 

0 

+  70 

0 

+  70 

•c 

"■  '  S,T 

-55 

+  125 

-55 

+  125 

Storage 

-65 

+  150 

-65 

+  150 

-c 

NOTES 

*AD396SaDdTgrades&reavaiUl^toMIL-STI>-883,MethodS008,Clu8B.  t  .    :i.  !o. 

^Tuning  specifications  appear  in  Tabk  IV  and  Fi^^ 
^CodetiMes  and  gnyhsiCTCardoThewyrfOperatioo  page. 
^RmcansninScaleltii^aBdtaeiiiialtoZOVfora  ±  lOVbipolarrange. 

^nregral  nnnlitM-aTiiy  i**  tiH'— iw  nf  tK»  maTtminn  rfwinritwi  from  a  atraighf  11  w  pffifjng  rtimigh  fhf  fnd|WMnTl  ftf  rfw  F* Af!  tranrffT  fillKtiWI 
^orAD396(bipolar),DACRgBterloadedwi[b  10  0000 0000 0000,  Vkefin  =  20Vp-p,60aiid4Q(a&: 

'TliMhan*iMm»tifTli>«ti«i«inriifrtiai^;nfw^ffTmtKf  Hipiw^  HHH  ||  iminnllji  ||||H  jfil  ll 

Htfaeaieaofdie^icbinnVsandisnKamiedwithVRBFiN  =  AGND. 

*Digilal  ODBStalk  b  defiaed  as  the  change  in  any  (Hie  outpufs  steady  state  vahK  ^ 

tnfia  ■  Zknioad  by  means  (tf  varying  the  digital  input  code. 

'RefiacDcx  cxoBsCBlk  u  deiuwd  as  tiie  change  in  uy  one  ouQiut  n  a  Ksi^ 

intoa  21dl  load  by  means  of  varying  the  ampUtudeofffaeiclmDCengnal. 
'"The  AD396  can  be  used  with  supply  voltages  as  iom»iSt%JSl:  See  Figure  7  of  diefull  data  riwtt  ' 
SpedficationssubiecttochaiigewidioutnotiGe. 

au.U  -yiriiarao    r.  r    '(j  .  j.-b  tiis  In  meiupt^  U-^i  -  ^    *ir.  .  »( 


ABSOLUTE  MAXIMUM  RATINGS* 

+Vs  toDGND  ..  .  .  .  :  .  .  V  .  ....  -0.3V  to  +17V 
-VstoDGND  .  .  .  ;  .  .  V  .  .  .......  +0.3Vto  -17V 

Digital  Inputs  (Kns  1-16)  to  DGND  -0.3V  to  +7V 

VREFiNtoDGND   ±25V 

AGND  to  DGND   +0.3V  to  +Vs 

Analog  Outputs  (Pins  18,  21,  24,  27) 

 Indefinite  Short  to  AGND  or  DGND 

Momentary  Short  to  ±Vs 

•Stresses  above  those  Usted  under  "Absolute  Maximum  Ratings"  may 
cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and 
functional  operation  of  the  device  at  these  or  any  other  conditions  above 

CAUTION:  

BSD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts,  Thi?  p^Mfeetive  foam 
should  be  discharged  to  the  destination  socket  before  devices  are  inserted. 


PIN  CONFIGURATION 

— 


those  indicated  in  the  ope^uonal  secdons  of  this  specification  is  not 
impUed.  Exposure  to  gbsoluie  i^ipimum.  luting  conditipns  for  exiende^ 
periods  may  affect  device  relUbilit^.         >    >  . 

.      ii  ORDERING  GUIDE 


Model 

Temperature 
Range 

Gain  Error 

Linearity  Error 
T„^-T^ 

Package 
Option* 

AD3%JD 

Oto  +70°C 

+  16LSB 

±2LSB 

DH-28A 

AD396KD 

0to+70X 

±8LSB 

±1LSB 

DH-28A 

AD396SD 

±  16LSB 

+  2LSB 

DH-28A 

AD396TD 

-55°Cto+U5°C 

±8LSB 

±ILSB 

DH-28A 

"DH-ZSA  =  BottomBipedCeramicDIP.Foroutliiieiiifoi^tionseePac 
Jnfonnationseccion. 


DB7  ^ 
DB6  ^ 
DBS  [T 
DB4  ^ 
DB3  [T 
DB2  ^ 
DB1  [T 
?Bo[^ 
A1  [T 
AO  Qo 

v5r  piT 
NC  pT^ 

CM  [u 


AD396 
TOP  VIEW 
{Not  to  Scale) 


Is]  Vrerni 
"27]  V0UT1 
26]  +15V 

25]  VmRN2 

23]  AGND 

21]  VoUTJ 

To]  -15V 

Ib]  VouT4 

16]  CS4 


pm 

FUNCTION 

DEScmnnoN 

1 

DB7 

DATABIT7 

2 

DB6 

DATABIT6 

3 

DBS 

DATA  BITi/OATA  BIT  13  (DAC  MSB) 

4 

DB4 

DATABIT5/DATABIT1Z 

S 

DB3 

DATABrra/DATABITII 

6 

DB2 

DATA  Bn'2/DATA  BIT  10 

7 

DB1 

DATA  BIT  VDATABrtS 

a 

OBO 

DATA  BIT  0/DATA  BIT  B 

9 

A1 

ADDRESS  UNEO 

10 

AO 

ADDRESS  LINE  1 

11 

m 

WRTTE  INPUT.  ACTIVE  LOW 

12 

NC 

NOCONNECncm 

13 

CST 

CHIP  SELECT  DAC  1 .  ACTIVE  LOW 

14 

CHIP  SELECT  DAC  2.  ACTIVE  LOW 

15 

CS3 

CHIP  SELECT  DAC  3,  ACTIVE  LOW 

16 

CS4 

CHIP  SELECT  DAC  4.  ACTIVE  LOW 

17 

DGND 

DIGITAL  GROUND 

IS 

Vouw 

DAC  4  VOLTAGE  OUTPUT 

19 

Vf,EF.N4 

DAC4  REFERENCE  INPUT 

20 

-15V 

-1SV  SUPPLY  INPUT 

21 

Vduti 

DAC  3  VOLTAGE  OUTPUT 

22 

DAC  3  REFERENCE  INPUT 

23 

AGND 

ANALOG  GROUND 

24 

DAC  2  VOLTAGE  OUTPUT 

25 

VnEHNa 

DACZ  REFERENCE  INPUT 

28 

+1SV 

+  15VSUPPLVINPUT 

27 

,  VoUTl 

DAC  1  VOLTAGE  OUITUT 

28 

Vrehni 

DAC1REFERENCEINPUT 

Theory  of  (Ipri^Jp  /      ^  . 

The  AD396  quad  DAC  provides  four-quadrant  multiplication. 
It  is  a  hybrid  comprised  of  four  monolithic  14-bit  CMOS  multi- 
plying DACs  and  eight  precision  output  amplifiers.  Each  of  the 
four  independent-buffered  channels  has  an  independent  reference 
input  capable  of  accepting  a  separate  dc  or  ac  signal  for  multiplying 
or  for  function  generation  applications.  The  CMOS  DACs  act  as 
digitally  programmable  attenuators  when  used  with  a  varying 
input  signal  or,  if  used  with  a  fsed  dc  reference,  the  DAC 
would  act  as^ a, standard  b^lar  outpiit  DAC.  In  adcUtion,  each 
DAC  has  data  latehes  to  buffer  the  converter  when  coimected  to 
a  microprocessor  data  buSi  1       •  ■ 

F«ure  1  sftdWHlMltefer  function  for  the  AD396.  The  diagraW 
indicates  an  area  over  which  many  different  combinations_pf  the 
reference  input  and  digital  input  can  result  in  a  particular  analog 
output  voltage.  The  highlighted  transfer  line  in  the  diagram 
indicates  the  transfer  function  for  a  fixed  reference  at  the  input. 


S   S    S    S    S    g   g  S  P 
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Figure  1.  A£^96  as  a  Four-Quadrant  Multiptler  of  Reference 
Input  and  DigUal  Input 


The  digital  codes  above  the  diagram  indicates  the  mid  and  end- 
points  of  the  function.  The  relationship  between  the  reference 
input  (Tkefin))      digital  input  code,  and  the  analog  pu^put  is  ' 
given  in  Table  I  below.  Note  that  the  reference  input  signal  sets 
the  slope  of  the  transfer  function  (and  determines  the  full-scale 
output  at  code  111.. Ill)  while  the  digital  input  selects  the  hori- 
zontal {sosition  in  each  diagram. 

Table  I.  AD396  Bipolar  Code  Table 


Table  U.  Truffi  Table 


DATA  AND  CONTROL  SIGNAL  FORMAT 

The  AD396  accepts  14-bit  data  by  loading  two  separate  input 
registers  off  an  8-bit  data  bus,  and  then  loading  the  internal 
DAC  register.  The  LS  (least  significant)  register  is  loaded  with 
the  bottom  8-bits  of  the  14-bit  word  by  selecting  the  appropriate 
address  lines  (see  Table  II).  The  MS  (most  significant)  register 
is  loaded  with  the  top  6-bits  in  a  similar  maimer.  The  CS  and 
WR  line  must  also  be  asserted  to  load  the  registers.  The  internal 
DAC  register  can  then  be  loaded  with  the  14-bit  data  word.  The 
appropriate  DAC  or  DACs  are  selected  by  asserting  CS1-CS4 
(see  Table  III).  If  CS1-CS4  are  all  brought  low  coincidentally, 
all  four  DAC  outputs  will  be  updated  to  the  value  located  in  the 
DAC  register.  When  Ai  =  0  and  Ao  =  0  all  DAC  registers  are 
transparent  so  by  placing  all  Os  or  Is  on  the  data  inputs  the  user 
can  load  the  DACs  to  zero  or  full  scale  in  one  write  operation. 
This  provide  simple  system  calibration. 


E5 

Al 

AO 

Function                          v  y.'  ' 

X 

1 

X 

X 

Device  nqtselfcted           r,    :  »  o" 

1 

X 

X 

X 

No  data  transfer                        .  . 

0 

0 

0 

0 

DAC  loaded  directly  from  Data  Bus 

0 

0 

0 

1 

MS  Input  Register  loaded  from  Data  Bus 

0 

0 

1 

0 

LS  Input  Register  loaded  from  Data  Bus 

0  . 

■0.  r, 

1- 

s  DAC  Register  loaded  from  Iniiut  Registers. 

Table  m.  DAC  Setect  MattiX 


CSl 

CS2 

CS3 

CS4 

Operation 

1 

1 

1 

1 

All  DACs  Latched 

0 

1 

1 

1 

Load  DAC  1  From  Data  Register 

I 

0 

1 

Load  DAC  2  From  Data  Register 

1 

1 

0 

1 

Load  DAC  3  From  Data  Register 

1 

1 

1 

0 

Load  DAC  4  From  Data  Register 

0 

0 

0 

0 

All  DACs  Simultaneously  Loaded 

TIMING 

The  AD396  timing  is  shown  in  Figure  2,  and  has  restrictions  as 
stated  in  Table  IV.  WR  must  maintain  a  minimum  pulse  width 
of  240ns  for  desired  operation  to  occur.  When  loading  data  in 
from  the  data  bus,  data  must  be  stable  for  at  least  180ns  before 
returning  WR  to  a  high  state.  The  Data  must  be  held  constant 
for  at  least  30ns  after  WR  goes  high  to  assure  latching  of  valid 
data.  DAC  setthng  time  is  measured  from  the  falling  edge  of  the 
WR  conmand.  U 


_  vh'H  ^ 

NOTES 

1.  ALL  INPUT  SIGNAL  RISE  AND  FAU  TIMES  MEASURED  FROM  10%  TO  90%  OF  -f  SV.  t,-t,=aiM. 

2.  TIMING  MEASUREMENT  REFERENCE  LEWL  IS  ^"  ^ 

Hmm  2.  AD396  fm^ 'B^^r^"^ 


Table  IV.  Tuiimg(^araetc;ri0^c9 


(Vcc  =  +  15V,  Vee  =  -  I5V,  VftE^= + lOV) 


Panmeter 

jLimitat 

Unlit  at 

TA=0to+70X 

Limit  at 

TA=-55'Cto+12S»C 

Units 

TestConditions/Canunents 

-■  ^.      "'  — ' — 

0 

0 

nsmin 

Address  Valid  to  Write  Semp  Time 

t2 

:'<t- 

0 

0           .     ,  . 

nsmin 

Address  Valid  to  Write  Hold  Time           '  i 

t3 

140 

160 

180 

nsmin 

Data  Setup  Time  . 

t4 

20 

20 

30 

nsmin 

Data  Hold  Time 

«5 

0 

0 

0 

nsmin 

ChipSelecttoWriteSetupJpCTBJ'iif^:  M 

t6 

0 

0 

0 

nsmin 

Chip  Select  to  Write  Holdii|ojp,rf.,  i 

t7 

170 

200 

240 

nsmin 

WritePulseWidjh 

^M--,r  1  ■. 
6  ',\.-C\'\,          .11  :  -.  m:  > 

■  ■■■.It:       ■  .toliiatn  an'i  .->;,.  '  .."'       jh  > 
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Ut  VICES 


jjiP-Compatible  8-Bit  DAC 


FEATURES 

Complete  8-Bit  DAC 

Voltage  Output  -  0  to  Z.56V 

Internal  Precision  Band-Gap  Reference 

Single-Supply  Operation:  -I-5V  (±10%) 

Full  Microprocessor  Interface 

Fast:  Ifjis  Voltage  Settling  to  ±1/2LSB 

Low  Power:  75mW   

No  User  Trims  Required 
Guaranteed  Monotonic  Over  Temperature 
All  Errors  Specified  T„i„  to  Tmmx  - 
Small  16-Pin  DIP«r\20-Pin  PLCC  Package 
Low  Cost 


I 


HtODUCT  DESCRIPTION 

The  AD557  DACPORT™  is  a  complete  voltage-output  8-bit 
digital-to-analog  converter,  including  output  amplifier,  full 
microprocessor  interface  and  precision  voltage  reference  on  a 
single  moj^lithic  chip.  No  external  components  or  trims  are 
required  to  interface,  with  fiill  accuracy,  an  8-bit  data  bus  to  an 
analog  system. 

The  low  cost  and  versatility  of  the  AD557  DACPORT  are 
the  result  of  continued  d|v^Dpment  in  monoUthic  bipolar 

technologies. 

The  complete  microprocessor  interface  and  control  logic  is  im- 
plemented with  integrated  injection  logic  (I^L),  an  extremely 
dense  and  low-power  logic  structure  that  is  process-compatible 
with  linear  bipolar  fabrication.  The  internal  precision  voltage 
reference  is  the  patented  low-voltage  band-gap  circuit  which 
permits  full-accuracy  performance  on  a  single  +  5V  power  supply. 
Thin-film  silicon-chromium  resistors  provide  the  stability  require 
for  guaranteed  monotonic  operation  over  the  entire  operating 
temperature  range,  while  laser-wafer  trimming  of  these  thin-film 
resistors  permits  absolute  calibration  at  the  factory  to  within 
±2.SLSB;  thus,  no  user-trims  for  gain  or  offset  are  required.  A 
new  circuit  design  provides  voltage  settling  to  ±  1/2LSB  for  a 
full-scale  step  in  800ns. 

The  AD557  is  available  in  two  package  configurations.  The 
AD557JN  is  packaged  in  a  16-pin  plastic,  0.3"-wide  DIP.  For 
surface  mount  applications,  the  AD557JP  is  packaged  in  a  20-pin 
JEDEC  standard  PLCC.  Both  versions  are  specified  over  the 
operating  temperature  range  of  0  to  +  70°C. 


FUNCTIONAL  BLOCK  DIAGRAM 

CONTROL  DieiTAI.  INPUT  DATA  (BUS) 
INPUTS        /  *  ^ 


 \  am 

GND      CS    EE       IMSBI  , 


[^-22-22222233: — ?—\ 

^     ^^Vr.^.         I  I'L  LATCHES 

CONTROL  II 


PRODUCT  HIGHLIGHTS 

1 .  The  8-bit  I^L  input  register  and  fiilly  microprocessor- 
compatible  control  logic  allow  the  ADSS7  to  be  directly 
connected  to  8-  or  16-bit  data  buses  and  operated  with  standard 
control  signals.  The  la^  may  be  disalMUIaftidkect  DAC 
interfacing. 

2.  The  laser-trimmed  on-chip  SiCr  thin-film  resistors  are  cali- 
brated for  absolute  accuracy  and  linearity  at  the  factory. 
Therefore,  no  user  trims  are  necessary  for  filU  rated  aOtbracy 
over  the  operating  temperature  range. 

3.  The  inclusion  of  a  precision  low-voltage  band-gap  reference 
eliminates  the  need  to  specify  and  apply  a  separate  reference  . 
source. 

4.  The  ADSS7  is  designed  and  specified  to  operate  from  a  single 
-(-4.5V  to  +5.5V  power  supply. 

5.  Low  digitaiiiipiit  currents,  100 p. A  max,  "ij™"!^  bus  loading.,:^ 
input  thresholds  are  TTL/low  voltage  CMOS  compatible. 

6.  The  single-chip,  low  power  l^L  design  of  the  AD557  is  in- 
herently more  reliable  than  hybrid  multichip  or  conventional 


DACPORT  is  a  trademark  of  Analog  Devices,  Inc. 
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AD557 -SPECIFICATIONS 


(@    =  +2SC,  Vcc  =  +SV  untes  otterwise  specified) 


AD557J 
iVUn^  ..^^)!P  Max 

Uaitt 

tesoLlrtiON       *  ■ 

g 

Bin 

KnLA  live  A!ULiUKAL>Y 

0  to  +  70°C 

=  1.2  1 

LSB 

OUTPUT 
Ranges 

CuixentSomce  ' 
Sink 

Oto  +2.56 

+  5 

Internal  Passive 

Pull-Down  to  Grour  d' 

V 

mA 

OUTPUT  SETTLING  TIM# 

0.8  1.:. 

I^L  SCALE  ACCKSACY'' 

@25°C  ' 

T^toTnn 

±1.5  ±2.5 
±2.5  ±4.0 

LSB 
LSB 

Z01O  ERROR 

It  It 

LSB 
LSB 

MONOTONICITY' 

Tmin  to  Tmim 

Guannteed 

DIGITAL  INPUTS 

Tmin  to  Xmajc  , 
Input  Current  ^   

 i  

t 

  *ioo 

2.0;             -.-..j^-;^  ; 
.,.P  ■'  *;.   '•.•  .""'vi'.'M 

2.0  "' 

0                -  0.8 

V 

Y"   ■  •■ .  , 

V 
V 
PF 

Data  Inputs,  Voltage 

Bit  On -Logic"!" 

Bit  On- Logic  "0"        -i     -  , 
Control  Inputs,  Voltage  "*"' 

On-Logic"!"         ^          '  '  ■ 

On-Lo^'W^ 
Inputd^aeUkoeX            .  '  n 

TIMING' 
twSW>bePDlseWid(h       ■  : 

TouHtoTnjjj, 

IdhDsu  Hold  Time 

T„y„toT™,                ■  . 
tos  Data  Setup  Time 

TniintoTmax 

225  .,■   -        -  ..r  .1  .' 
300      ■•■  -!. 

10  . 

10 

225 
300 

ns 

ns   1  -     H  ■' 
ns  .1...  vl  >«; 
ns 
ns 

POWER  SUPPLY 
Operating  Voltage  Range  (Vcc) 
2.S6VoltRange  . 
Current  (Ice) 
Rejection  Ratio 

+  4.5  +5.5 
15  25 
0.03 

V 

mA 

%/% 

POWER  DISSIPATION,  Vcc  =  5V 

125 

mW 

OPERATING  TEMPERATURE  RANGE 

0  +70 

°C 

PIN  CONFIGURATIONS 
DIP 


BITS  (LSB) 

E 

BIT  7 

E 

Brrc 

E 

BUS 

E 

Brr4 

i.. 

i 

•\-  mi 

BIT  2 

E 

(MSBI  BIT  1 

E 

s'i 

3 

VOUT 

B 

Vour  SENSE  A 

HI 

VouT  SENSE  B 

i] 

GND 

«] 

GND  ^ 

m 

+Vcc 

B 

S  1- 

3 

of ' 

1     .1  ■ 

I..- 

i 
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ORDERING  GUIDE 


Package 

Model 

Option* 

Temperature 

AD557JN 

Plastic  (N- 16) 

Oto  +70°C 

AD557JP 

PLCC(P-20A) 

oto+yot 

NOTES 

'Relative  Accuracy  is  defined  as  the  deviation  of  the  code,  transition  pQints.&om  the  ideal  transfer  pp^t^ai, 
straight  line  from  the  offset  to  the  fiill  scale  of  tlie^evice!^''MQesuring  ^f^tx  Error"  an'AQS|Si^i^M^ 

^Passive  pull^doym  resistance  is  2kO.  "  ^'  '^'"^^ 

'Settling  time  is  specified  for  a  positive-going  filll-scale  step  to  ±  1/2LSB  Negative-going  steps  to  zero 
are  slower,  but  can  be  improved  with  an  external  pull-down. 

''The  full-scale  output  voltage  is  2.SSV  and  isguaranteedmth  a  +  SV  supply. 

^ A  monotonic  converter  has  a  maximtun  differential  lineariQr  error  of  ±  1  LSB . 

*Sec  Figure?.  r 

Specifications  shown  in  boldface  are  tested  on  all  pioductibn  uiiits  at  final  electricsl  test.         j  '-i . 
Specifications  subject  to  change  without  notice. 


*N  ^'PlaSticDlF;P  =  Plastic  Leaded  ChipCarrier.  For  outline 


_  ■(■. 
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ABSOLUTE  MAXIMUM  RATINGS* 

Voc  to  Ground   OV  to  +  18V 

Digital  Inputs  (Pins  1-10)  0  to  +7.0V 

VouT  ,  Injjpjnjile  Stwtt  v>  Ground 

MMeUitty  %on  to  Vcc 

Power  Dissipation   450mW 

Storage  Temperature  Range 

N/P  (Plastic)  Packages  -25°C  to  +  lOOX 

Lead  Temperature  (soldering,  10  sec)   300°C 


Thermal  Resistance 
Jimction  to  Ambient/Jimction  to  Case 

NyP  (Plastic)  Packages   140/55°C/W 

^Stresses  above  those  listed  imder  "Absolute  Maximum  Ratings"  may 
cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and 
fiinctional  operation  of  the  device  at  these  or  any  other  conditions  above 
those  indicated  in  the  operational  sections  of  this  specification  is  not 
implicit-  EiQiflKiiM  t»  a»ata»mTiiitiMia<>tii<i<»!iaiMjiBt  tat  i^riended 
periodsmayafkctdeviceieUability.  i^t'  ^  w  ■-. 
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CIRCUIT  DESCRIPTION 

The  ADSS7  consists  of  four  major  functional  blocks  fabricated 
on  a  single  monolithic  chip  (see  Figure  1).  The  main  D/A  converter 
section  uses  eight  equally  weighted  laser-trimmed  current  sources 
switched  into  a  silicon-chromium  thin-film  R/2R  resistor  ladder 
network  to  give  a  direct  but  unbuffered  OmV  to  400mV  output 
range.  The  transistors  that  form  the  DAG  switches  are  PNPs; 
this  allows  direct  positive-voltage  logic  interface  and  a  zero-based 
output  range. 


'  DIGITAL  INPUT  DATA 


Figure  1.  Functional  Blocic  Diagram 

The  high-speed  output  buffer  amplifier  is  operated  in  the  nonin- 
verting  mode  with  gain  determined  by  the  user-connections  at 
the  output  range  select  pin.  The  gain-setting  application  resistors 
are  thin  film  laser  trimmed  to  matph  and  track  the  DAC  resistors 
and  to  assure  precise  iDitisl  .safii>ration  of  the  output  range,  OV 
to  2.S6V.  The  amplifier^atput  stage  is  an  NPN  transistor  with 
passive  pull-down  for.2eTCNbase(i  outputiapabili^  with  a  single 
power  supply. 

The  internal  precision  voltage  reference  is  of  the  patented  band-gap 
type.  This  design  produces  a  reference  voltage  of  1 .2V  and 
thus,  imlike  6.3V  temperature-compensated  zeners,  may  be 
operated  from  a  single,  low-voltage  logic  power  supply.  The 
microprocessor  interface  logic  consists  of  an  8-bit  data  latch  and 
control  circuitry.  Low  power,  small  geometry  and  high  speed 
are  advantages  of  the  I^L  design  as  appUed  to  this  section.  I^L 
is  bipolar  process  compatible  so  that  the  performance  of  the 
analog  sections  need  not  be  compromised  to  provide  on-chip 
logic  capabilities.  The  control  logic  allows  the  latches  to  be 
operated  from  a  decoded  microprocessor  address  and  write 
si^ial.  If  the  application  does  not  involve  a  p.P  or  data  bus, 
wiygl^aiid  CE  to  gcound't^ideis  the  bR^K^^'^aiiiaqnTeM**'  • 
for  direct  DAC'iieet!^.  k  r.u.  i  -,o' 


CONNECTING  THE  AD557         ^  ' 

The  AD557  has  been  configured  for  low  cost  and  ease  of  appli- 
cation. All  reference,  output  amplifier  and  logic  connections  are 
made  internally.  In  addition,  all  calibration  trims  are  performed 
at  the  factory  assuring  specified  accuracy  without  user  trims. 
The  only  connection  decision  to  be  made  by  the  user  is  whether 
the  output  range  desired  is  unipolar  or  bipolar.  Clean  circuit 
board  li^cHit<is  facihtaled  by  isolating  all  digital  bit  inputs  on 
one  side  of  the  package;  analog  outputs  ate  on  the  opposite  side. 

UNIPOLAR  0  TO  -(-2.56V  OUTPUT  RANGE 

Figure  2  shows  the  configiuration  for  the  0  to  -I-2.S6V  full-scale 
output  range.  Because  of  its  precise  factory  calibration,  the 
AD557  is  intended  to  be  operated  without  user  trims  for  gain 
and  offset;  therefore,  no  provisions  have  been  made  for  such 
user  trims.  If  a  small  increase  in  scale  is  required,  however,  it 
may  be  accomplished  by  shghtly  altering  the  effective  gain  of 
the  output  buffer.  A  resistor  in  series  with  Vqut  SENSE  will 
increase  the  output  range.  Note  that  decreasing  the  scale  by 
putting  a  resistor  in  series  with  GND  will  not  work  properly 
due  to  the  code-dependent  currents  in  GND.  Adjusting  offset 
by  injecting  dc  at  GND  is  not  recommended  for  the  same 
reason. • 'J  r--;-. ,  .irvoinomnWjaH       ^■.JVl  ' 


•  F^dwS/:  b  \o  2.S6\/ tiotput  Range 

BIPOLAK  -1.28V  TO  -l- 1.28V  OUTPUT  RANGE 

The  AD557  was  designed  for  operation  from  a  single  power 
supply  and  is  thus  capable  of  providing  only  a  unipolar  0  to 
+  2.56V  output  range.  If  a  negative  supply  is  available,  bipolar 
output  ranges  may  be  achieved  by  suitable  output  offsetting  and 
scaling.  Figure  3  shows  how  a  ±  1.28V  output  range  may  be 
achieved  when  a  —  5V  power  supply  is  available.  The  offset  is 
provided  by  the  AD589  precision  1 .2V  reference  which  will 
operate  from  a  4-  5V  supply.  The  AD71 1  output  amplifier  can 
provide  the  necessary  ±  1.28V  output  swing  from  ±  5V  supphes. 
Coding' is  co^lementary  offset  binary. 


Digital  Input  Code 

Output 
Voltage 

Binary 

Hexadecimal 

Decimal 

0000  0000 

00 

0 

0 

0000  0001 

0] 

1 

O.OIOV 

0000  0010 

02 

2 

0.020V 

0000  Jill 

OF 

15 

0.150V 

0001  0000 

10 

16 

0.160V 

0111  nil 

7F 

127 

1. 270V 

1000  0000 

80 

128 

1.280V 

1100  0000 

CO 

192 

1.920V 

nil  nil 

FF 

255 

2.5SV 

VOUT  =  OV  TO  t2.56V 
(  5k  li 


INPUT  CODE 

VOUT 

00000000 

+  1.28V 

10000000 

OV 

11111111 

-1.27V 

►Vo 

+1.28  TO 
'-1.27 
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AD557— Applications 


GROUNDING  AND  BYPASSING 

All  precision  converter  products  require  careful  application  of 
good  grounding  practices  to  maintain  full  rated  performance. 
Because  the  AD557  is  intended  for  application  in  microcomputer 
systems  where  digital  noise  is  prevalent,  special  care  must  be 
taken  to  assure  that  its  inherent  precision  is  realized. 

The  AD557  has  two  ground  (common)  pins;  this  minimizes 
ground  drops  and  noise  in  the  analog  signal  path.  Figure  4 
shows  how  the  ground  connections  should  be  made. 


.1  . 


'Oil  :j  J 

TO  SYSTEM  GND-  lU'^n!'.'  S.'l 


Figure  4.  Recommended  Grounding  and  Bypassing- 

It  is  often  advisable  to  maintain  separate  analog  and  digital 
grounds  throughout  a  complete  system,  tying  them  common  in 
one  place  only.  If  the  common  tie-point  is  remote  and  accidental 
discormection  of  that  one  common  tie-point  occurs  due  to  card 
removal  with  power  on,  a  large  differential  voltage  between  the 
two  commons  could  develop.  To  protect  devices  that  interface 
to  both  digital  and  analog  parts  of  the  system,  such  as  the  ADSS7, 
it  is  recommended  that  conunini  ground  tie-points  should  be 
provided  at  each  such  device.  If  only  one  system  ground  can  be 
connected  directly  to  the  ADSS7,  it  is  recommended  that  analog 
common  be  selected. 

USING  A  "FALSE"  GROUND  ' " . ' 

Many  applications,  such  as  disk  drives,  require  servo  control 
voltages  that  swing  on  either  side  of  a  "false"  ground.  This 
ground  is  usually  created  by  dividing  the  +1?V  supflyjjqi^y, 
and  calling  the  midpoint  voltage  "groimd." 

Figure  5  shows  an  easy  and  inexpensive  way  to  implement  this. 
The  ADS86  is  used  to  provide  a  stable  5V  reference  from  the 
system's  +  12V  supply.  The  op  amp  shown  likewise  operates 
from  a  single  ( +  12V)  supply  available  in  the  system.  The  resulting 
output  at  the  Vqut  node  is  ±2.5V  around  the  "false"  ground 
point  of  5V.  AD557  input  code  vs.  Voirr  is  shown  in  Figure  6. 


tin- 


Figure  S.  LevelShlfting,tliuiADSS70utpi4A/iiuiifla  'False" 
Ground 


TIMING  AND  CONTROL 

The  AD557  has  data  input  latches  that  ^d^^^erface  to  8- 
and  16-bit  data  buses.  These  latches  are  controlliMl  by  Chip 
Enable  (CE)  and  Chip  Select  (CS)  inputs.  CE  and  CS  are  internally 
"NORed"  so  that  the  latches  transmit  input  data  to  the  DAC 
section  when  both  CE  and  CS  are  at  Logic  "0".  If  the  application 
does  not  involve  a  data  bus,  a  "00"  condition  allows  for  direct 
operation  of  the  DAC.  When  either  CE  or  CS  go  to  Logic  "1," 
the  input  data  is  latched  into  the  itgisters  and  held  until  both 
CE  and  CS  return  to  "0."  (Unused  CE  or  CS  inputs  should  be 
tied  to  groimd.)  The  truth  table  is  given  in  Table  I.  The  logic 
fnnction  is  also  shown  in  Figure  6. 


CE 

C5 

DAC  Data 

Latch 
Condition 

0 

0 

0 

0 

"tiansparem" 

1 

0 

0 

1 

"transparent" 

0 

J 

0 

0 

latching 

1 

i 

0 

1 

latching 

0 

0 

J 

0 

latching 

1 

0 

J 

1 

latching 

X 

1 

X 

previous  dau 

latched 

X 

X 

I 

previous  dau 

latched 

Noies:  X  =  Docs  nol  nuner 

/  =  t.ogic  Tliresliald  ai  PoHnve.OoiiiB  Transition 

Table  I.  ADSS7  Control  Logic  Truth  Table 


A0557  INPUT  CODE 

Figure  6.  AD557  Input  Code  vs.  Level  Shifted  Output  in 
"False"  Ground' Configuration  ,  '^^ 

In  a  level-triggered  latch  such  as  that  used  in  the  ADSS7,  there 
is  an  interaction  between  the  data  setup  and  hold  times  and  the 
width  of  the  enable  pulse.  In  an  effort  to  reduce  the  time  required 
to  test  all  possible  combinations  in  production,  the  AD5S7  is 
tested  with  Tds  =  Tw= 225ns  at  25^  and  300ns  at  T^  and 
Tmai)  with  Tdh=  10ns  at  all  temperatures.  Failure  to  comply 
with  these  specifications  may  result  in  data  not  being  latched 
properly. 

Figure  7  sbsmi  thftttiaMie 'for  the  data  and  control  signals,  CE 
and  CS  are  identical  in  timing  as  well  as  in  fiuction. 


tw  =  STROBE  PULSE  WIDTH  =  22Sn*  min 

loM  =  DATA  HOLD  TIME  =  lOn*  min 

tos  =  DATA  SETUP  TIME  =  22Sns  min 

Imttling  =  0AC0UTPUT  SETTUNG  TIME  TO  i  1/2  LSB 


Figure  7.  AD5S7  Timing 
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ANALOG 


DACPORT 
Low  Cost  Complete' 
M,P-Qpmptite  8-Bit  DAC 


i 


^ti^miiRfes  -!  — 

Complete  8-BIt  ,QAC  > 
Valtage  Output  —  2  Cetibrbted  Ranges  I 
Internal  Precision  Band^Gap  Reference 
Single-Supply  Operation:  -t-5V  to  +T5V 
Full  Microprocessor  Interface- 
Fast:  1|is  Voltage  Settling  to  ±1/2LSB  , 
tow  Power:  75mW 

'  No  User  Trims  "  i 

Guaranteed  Monotonic  Over  Temperature 
All  Errors  Specified  T,„i„  to  T„ax 
Small  16-Pin  DIP  and  20-P|n  PLCC  Packages  "\ 
Single  Laser-Wafer-Trimmqd  Chjji^or  Hybrids 

Low  Cost  i~   

MIL-STD483  Compliant  Versions  Available  i 


1^''        DIGITAL  INPUT  DATA  (BUS) 


GND  CS  CE  LSB  I  g  I  i  1  I  1  g  MSB  tVcC 
V  I'L  LATCHES 


PKODUCT  DESCRIPTION 

The  AD558  DACPORf  "  is  a  complete  voltage-outpiit  8-bit 
d%itaI-to-anaIog  converter,  including  output  amplifier,  full 
microprocessor  interface  and  precision  voltage  reference  on  a 
single  monolithic  chip.  No  external  components  or  trims  are 
required  to  interface,  with  full  accuracy,  an  8-bit  dasa  bus  to 
an  analog  system.    'r' ""i  

The  perfotmance  and  versatility  of  the  DACPORT  is;a  result  of 
several  recently-developed  monolithic  bipolar  technologies. 
The  complete  microprocessor  interface  and  control  logic  is 
implemented  with  integrated  injection  logic  (I^L),  an  extreme- 
ly dense  and  low-power  logic  strucmre  that  is  process-compat- 
ible with  linear  bipolar  fabrication.  The  internal  precision 
voltage  reference  is  the  patented  low-voltage  band-gap  circuit 
which  permits  full-accuracy  performance  on  a  single  +5V  to 
-I-15V  power  supply.  Thin-film  silicon-chromium  resistors 
provide  the  stability  required  for  guaranteed  monotonic  op- 
eration over  the  entire  operating  temperature  range  (all  grades), 
while  recent  advances  in  laser-wafer-trimming  of  these  thin- 
film  resistors  permit  absolute  calibration  at  the  factory  to 
within  ±1LSB;  thus  no  user-trims  for  gain  or  offset  are  re- 
quired. A  new  circuit  design  provides  volt^ge^t^in^ 'fO'  ■"*  " 
±1/2LSB  for  a  full-scale  step  in  800ns. 

The  ADS58  is  available  in  four  performance  grades.  The 
AD558J  and  K  are  specified  for  use  over  the  0  to  +70°C  tem- 
perature ran^e,  while  the  AD558S  and  T  grades  are  speci- 
fied for  -55  C  to  +125°C  operation.  The  "J"  and  "K"  grades 
are  available  either  in  16-pin  plastic  (N)  or  hermetic  ceramic 
(D)  DIPS.  They  are  also  available  in  20-pin  JEDEC  standard 
PLCC  packages.  The  "S"  and  "T"  grades  are  available  in  the 
16-pin  hermetic  ceramic  DIP  package. 


It 


•Protectxd  by  U.S.  Patsnt  Noi.  3,887,863i  3^^5i  4,323,7954 
Patents  Pending. 

DACFQRT  b  a  trademadi  of  Andog  Bevicet,  Inii. 


PRODUCT  HIGHLIGHTS  I 

1.  The  8-bit  I^L  input  register  a^4  fiiUy  microptocessot» 
compatible  control  logic  allow  the  AD558  to  be  directly 
connected  to  8-  or  16-bit  data  buses  and  opef^ted  with 
standard  control  signals.  The  latch  may  be  disabled  for 
direct  DAC  interfacing. 

2.  the  laser-trimmed  on-chip  SiCr  thin-film  resistors  are  cali'.i  i 
brated  for  absolute  accuracy  and  linearity  at  the  f actoify. 
Therefore,  no  user  trims  K|,tifcessary  for  fBll^ated  a;:- 
curacy  over  the  operating  temperature  range. 

3.  The  inclusion  of  a  precision  low-voltage  band-gap  reference 
eliminates  the  need  to  specify  and  apply  a  separate  refer- 
ence source. 

4.  The  voltage-switching  structure  of  the  AD558  DAC  section 
along  with  a  high-speed  output  amplifier  and  laser-trimmed 
resistors  give  the  user  a  choice  of  OV  to  +2. 56V  or  OV  to 
+10V  output  ranges,  selectable  by  pin-strapping.  Circuitry 
is  internally  compensated  for  minimum  settling  time  on 
both  ranges;  typically  settling  to  tl/2LSB  for  ar.ittt>afito 
2.55  volt  step  in  800ns. 

5.  The  AD558  is  designed  and  specified  to  operat£  from  a  ' 
single  -1^4. 5V  to  +16. 5V  power  supply. 

6.  Low  digital  input  currents,  lOOfiA  max,  minimize  bus 
loading.  Input  Ihrej^j^JdS  are  TTL/lo w  voltage  CMOS 
compatible  met  the  entire  operating  Vcc  range. 

7.  All  ADS58  grades  are  amiable  in  chip  form  with  guar- 
anteed specifications  from  +25°C  to  T^xx-  MIL-STD-883, 
Class  B  visual  inspection  is  standard  on  Analog  Devices 
bipolar  chips.  Contact  the  factory  for  additional  chip 
information. 

8.  The  AD558  is  available  in  versions  compUant  with  MIL- 
STD-883.  Refer  to  Analog  Devices  Military  Products 
Databook  or  current  AD588/883B  data  sheet  for  detailed 

tficatioas. 
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m»        Tjp  Max 

Mia       Typ  Max 

Min        Typ        MBi " 

-HiU     '   TUf  Mai 

Units 

g 

8 

8 

8 

Bits 

«ELATIVE  ACCURACY' 
j  0IO+7TC 

±1'2 

.  *«t- 

±1/2 

±1/4 

LSB 

-55'Cio+l25'C 

±3/4 

LSB 

OUTPUT 
Ranged 

Current  Source 
Sink 

Oto  +2.56 
Olo  +  10 

+  5 

Internal  Passive 
Pull*  Down  to  Ground^ 

010+2.56 
Oto  + 10 

+  5 

Internal  Fasaivc 
Ftill'Down  to  Ground 

Oto  +2.56 
Oto +  10 

+5 

Internal  Passive 
Pull-Down  to  Ground 

Olo  +2.56 
Oto  +  10 

+  5 

Internal  Passive 
Pull-Down  to  Grotutd 

V 
V 
mA 

OUTPUT  SETlLINGTfttt' 
Olo2.S6Volt8«nge 
Oto  to  V6h  Ringe^ 

0.8  1.5 
2i0  3.0 

0.8  1.5 
2.0  3.0 

0.8  1.5 
2.0  3.0 

0.8  1.5 
■2.0  3.0 

US 
■■|1S 

FULL  SCALE  XcCURACY* 

@2S°C 

TBintoTmu 

±1.5 

±»S 
±1 

I-"-  ±1.5 
±2.5 

■±»S 
±1 

LSB 
LSB 

ZERO  ERROR 

@25°C 

T,u,IoT.„  i 

±1 

1 

±V2 
±1 

±1 
±2 

±ia 
±1 

LSB 
LSB 

MONOTONlCIti* — i 
T^mT„  1  V 

Gvanafeeeil 

^^""^^^  

Gairanrrwi  ' 

Gmh  m»  >  il 

DIGITAL  INFU1S 
T|^loTi„ 
Input  Cuirenl 
Data  Inputs,  Voltage 

Bit  On- Logic"!" 

BitOn-Logic"0" 
Controt  Inputs,  Voltage 

On-Logic"l"           ^  ,      -rri  i 

On-Logic"0"  '    '  '  ' 
Inpui  Capacitance 

±100 

2.0 

0  0.8 

2.0 

0  0.8 
4 

i^  ±100 

2.0 
0 

2.0 

0  0.8 
4 

±100 

2.0 
0 

2.0 

0  0.8 
4 

100 

2.0 
0 

2.0 

0  0.8 
4 

»*t 

V 
V 

V 
V 

pF' 

TIMING" 
tw  Strobe  Pulie  Width 
Tm.k>T_, 

ti>HlHltiHoidTinK 

T„j„toT™               ■••  ■■ 
tDs  Data  Set-Up  Time  ^..-i,. 
T,™,toT,^                            ■  " 

200 
270 
10 

200 
270 
10 
M 
200 
270 

200 
270 
10 
10 
200 
270 

200 
270 
10 
10 
200 
270 

ns 

ns  . 

ns 

ns 

ns 

ns 

FOWERSUFFLY 
Operating  Voltage  Range  (Vcc) 

2.56  Volt  Range 
lOVoltRange 
L.iirrcni  UccJ 
Rejection  Ratio 

+  4.5  +16.5 
+  11.4  +16.5 

0.03 

+4.5  +16.5 
+  11.4  +16.5 

15  25 
0.03 

+4.5  +16.5 
+  11.4  +16.5 
15  25 
0.03 

+4.5                    + 16.5 
+  11.4  +16.5 
15  25 

V 
V 

mA 

■%m 

POWER  DISSIPATION,  Vcc  =  5  V 
Vcc=15V 

75  125 
225  375 

75  125 
225  375 

75  125 
225  375 

75      m  ■ 

225  375 

mW 
mW 

OFEIU^ITN^TPIPERATUREJRANGE 

0  +70 

0  +70 

-55  +125 

-55  +125 

NOTES 

'The  ADSSSS&TgradesaiVBvailaUepnKxsaedaiKlKreeaed  to  MIL'STD-883  Class  B.  Consult  Ai^  Military  Daiabookfordctails. 

^Relative  Accuracy  is  defined  as  the  dcviaiioo  of  the  code  transition  points  from  the  ideal  tiansfa:  point  oaastiaight  line  fn>m  the  offset  to  the  full  scale  of  the  device.  See  "Measi^ 
Offset  Error". 

H>peraiionof  thcOio  10  voU  output  ran^  requires  a  minimum  supply  voltagcof  + 11.4  volts. 
*Passivepull-<lown  resistance  is  2kfl  for  2.S6  volt  range,  lOkOfor  10  volt  range. 

'Settling  time  is  specified  for  a  positive-goingfull-scalestep  to  ±  1/2LSB.  Negaiive-going  gtepi  tojiUOticdtmBt,  but  can  be  improved  wirii  an  external  pull-down. 
'The  full  range  output  voltage  for  the  2. S6  range  is  2.SSV  and  is  guaranteed  with  a  +  5V  supply,  fit^lOVnqge,  it  is 9.960V  guaranteed  wtA  a  +  ISVsi^if^. 
'AmonotoQiccoDverterhasainaximumdiffeTendallincarUyeiiDrof  ±  ILSB. 
'See  Figure  7. 

Spedfications  shown  in  boldface  are  tested  on  all  production  units  at  final  dectrical  test. 
Speeificatiais  subject  to  change  without  notice. 
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•  ix,      v^i"uuu    .  OV  to  +  18V 

Digital  Inputs  (Pins  1-10)   OV  to  +7.0V 

VouT   Indefinite  Short  to  Ground 

Momentary  Short  to  Voc 

Power  Dissipation   450mW 

Storage  Temperature  Range 

N/P  (Plastic)  Packages  -25°C  to  +  lOOX 

D  (Ceramic)  Package  -55°C  to  +  150°C 

Lead  Temperature  (soldering,  10  sec)   300°C 

Thermal  Resistance 
Junction  to  Ambient/Jimction  to  Case 
D  (Ceramic)  Package         .  .  .  .  .  •  y»IWC/W 

N/P  (Plastic)  Packages  !  .  .  .  i40/55°C/W 


Dimensions  shown  in  inches  and  (mm). 


ORDERING  GUIDE 


Relative  Accuracy 

Full  Scale 

Package 

Error  Max 

Error,  Max 

Model' 

Temperature 

T'mjn  to  Tmax 

Tmi„toT„,a, 

Option^ 

AD558JN 

Oto  +70°C 

±  1/2LSB 

±2.5LSB 

Plastic  (N-16) 

AD558JP 

Oto  +70°C 

±  1/2LSB 

±2.5LSB 

PLCC(P-20A) 

AD558JD 

Oto  +70°C 

±  1/2LSB 

±2.5LSB 

TO-116(D-16) 

AD558KN 

Oto  +70°C 

±  1/4LSB 

±1LSB 

Plastic  (N-16) 

AD558KP 

Oto  +70°C 

±  1/4LSB 

±1LSB 

PLCC(P-20A) 

AD558KD 

Oto  +70°C 

±  1/4LSB 

±1LSB 

TO-116(D-16) 

AD558SD 

-55°Cto  +  125°C 

±3/4LSB 

±2.5LSB 

TO-116(D-16) 

AD558TD 

-55°Cto+125°C 

+  3/8LSB 

+  1LSB 

TO-116(D-16) 

NOTES 

'  For  details  on  grade  and  package  offerings  screened  in  accordance  with  MIL-STD-883,  refer  to 
Analog  Devices'  Military  Products  Databook  or  current  AD558/883B  data  sheet. 

=  Ceramic  DIP;  N  =  Plastic  DIP;  P  =  Plasticl^eaded  Chip  Carrier.  For  outline  information  see 
Package  Information  section. 
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Figure  la.  ADBSSPin  Configuration  {DIP) 


Figure  lb.  ADSS8  Pin  Configuration  (PLCC) 
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QRCUIT  DESCRIPTION 

The  ADS  58  consists  of  four  major  functional  blocks,  fabri- 
cated on  a  single  monolithic  chip  (see  Figure  2).  The  main 
D  to  A  converter  section  uses  eight  equally-weighted  laser-trim- 
med current  sources  switched  into  a  silicon-chromium  thin- 
film  R/2R  resistor  ladder  network  to  give  a  direct  but  unbuf- 
fered OmV  to  400mV  output  range.  The  transistors  that  form 
the  DAC  switches  are  PNPs;  diis  allows  direct  positive-voltage 
logic  interface  and  a  zero-based  output  range. 


DIGITAL  INPUT  DATA 


Y  Y 


DB0DeiOB2Oe3OMDBeoe6DB7  *VtX         GMD  GNO 

YYYYYYYY.     f   ^  ^ 


Figure  2.  ADSS8  Functional  Blocic  Diagram 

The  high-speed  output  buffer  amplifier  is  operated  in  the  non- 
inverting  mode  with  gain  determined  by  the  user-connections 
at  the  output  range  select  pin.  The  gain-setting  application 
resistors  are  thin-film  laser-trimmed  to  match  and  track  the 
DAC  resistors  and  to  assure  precise  initial  calibration  of  the 
two  output  ranges,  OV  to  2.56V  and  OV  to  lOV.  The  amplifier 
output  stage  is  an  NPN  transistor  with  passive  pull-down  for 
zero-based  <m4pU!e||i^i^l3(ii9d|Y  li^^  pofmMW\f- 


The  internal  precision  voltage  reference  is  of  the  patented 
band-gap  type.  This  design  produces  a  reference  voltage  of  1.2 
volts  and  thus,  unlike  6.3  volt  temperature-compensated  zeners, 
may  be  operated  from  a  single,  low-voltage  logic  power  supply. 
The  microprocessor  interface  logic  consists  of  an  8-bit  data 
latch  and  control  circuitry.  Low-power,  small  geometry  and 
fa^h-speed  are  advantages  of  the  I^L  design  as  applied  to  this 
section.  I^L  is  bipolar  process  compatible  so  that  the  perform- 
ance of  the  analog  sections  need  not  be  compromised  to  pro- 
vide on-chip  logic  capabilities.  The  control  logic  allows  the 
latches  to  be  operated  from  a  decoded  microprocessor  ad- 
dress and  write  signal.  If  the  application  does  not  involve  a 
fjP  or  data  bus,  wiring  CS  and  CE  to  ground  tenders  die'lacches 
"transparent"  for  direct  DAC  access. 

MII/-ST1V883 

The  r^ors  of  the  militaiy /aerospace  environment,  tempeniture 
extremes,  humidity,  mechanical  stress,  etc.,  demand  the  utmost 
in  electronic  circuits.  The  ADSS8,  with  the  iidierent  reliability 
of  integrated  circuit  construction,  was  defied  with  these 
applications  in  mind.  The  hemietically-sealed,  low  profile 
DIP  package  takes  up  a  fraction  of  the  space  required  by 
e^ivalent  modular  dengns  and  protects  the  chip  from  haz- 
'■''  ''ttp&tts  enviromnents.  To  further  ensure  reliability,  military- 
temperature  range  ADS  58  grades  S  and  T  are  available  screened 
to  MIL-STD-883 .  For  more  complete  data  sheet  informanon 
consult  the  Analog  Devices'  Military  Databook. 

CHIP  AVAILABILITY 

The  AD558  is  available  in  laser-trimmed,  passivated  chip  form. 
AD558J  and  AD558T  chips  are  available.  Consult  the  factory 
for  details. 


Digitdl  Input  Code 

Ouq>ut  Voltage 

Biiuuy 

Hexadedmal 

Decimal 

2.56V  Range 

10.00V  Range 

0000  0000 

00 

0 

0 

0 

0000  0001 

01 

1 

0.010V 

0.039V 

0000  0010 

02 

2 

0.020V 

0.078V 

0000 1111 

OF 

15 

0.150V 

0.S86V 

0001  0000 

10 

16 

0.160V 

0.625V 

0111  nil 

7F 

127 

1.270V 

4.961V 

1000  0000 

80 

128 

1.280V 

5.000V 

1100  0000 

CO 

192 

1.920V 

7.500V 

nil  nil 

.:  ,FF 

255 

2.55V 

9.961V 

Input  Logic  Coding 


Applications— AD558 


CONNECTING  THE  AD558 

The  ADS  58  has  been  configured  for  ease  of  application.  All 
reference,  output  amplifier  and  logic  connections  are  made 
internally.  In  addition,  all  calibration  trims  are  performed  at 
the  factory  assuring  specified  accuracy  without  user  trims.  The 
only  connection  decision  that  must  be  made  by  the  user  is  a 
single  jumper  to  select  output  voltage  range.  Clean  circuit- 
board  layout  is  facilitated  by  isolating  all  digital  bit  inputs  on 
one  side  of  the  package;  analog  outputs  are  on  the  opposite  side. 

Figure  3  shows  the  two  alternative  output  range  connections. 
The  OV  to  2.S6V  range  may  be  selected  for  use  with  aw 
power  supply  between  +4.5V  and  +16. 5V.  The  OV  tof&V 
range  requires  a  power  supply  of  +11.4V  to  +16.5V. 

Because  of  its  precise  factory  calibration,  the  ADS  58  is  in- 
tended to  be  operated  widiont  user  trims  for  gain  and  offset; 
Aeietote  no  pta^oiislikie^^ 

U  a  small  increase  in  scale  is  required,  however,  it  may  be  ac- 
complished by  si^tl]r  altering  the  effective  gain  of  the  output 
buffer.  A  resistor  in  series  with  Vout  SENSE  will  increase  the 
output  range.  | 


a  OVjtp  ZS6V  Omput^  Ranfif;  2>.  OV  to  tbv  Output. fti>hge 

Figure  k  i^nel^on  P^rti/m 

For  example  if  a  OV  to  10.24V  output  range  is  desired  (40mV 
=  ILSB),  a  nominal  resistance  of  85012  is  required.  It  must  be 
remembered  that,  although  the  internal  resistors  all  ratio- 
match  and  track,  the  absolute  tolerance  of  these  resistors  is 
typically  ±20%  and  the  absolute  TC  is  typically  -50ppm/°C 
(0  to  -100ppm/°C).  That  must  be  considered  when  re-scaling 
is  performed.  Figure  4  shows  the  recommended  circuitry  for  a 
fuU-scale  output  range  of  10.24  volts.  Internal  resistance  values 
shown  are  nominal. 

NOTE:  Decreasing  the  scale  by  putting  a  resistor  in  series  with 
GND  will  not  work  properly  due  to  the  code-dependent  cur- 
rents in  GND.  Adjusting  offset  by  injecting  dc  at  GND  is  not 
recommended fm^<miitismm>>iv 'A    :  ri^'  jv'. 


GROUNDING  AND  BYPASSING* 

All  precision  converter  products  require  careful  application  of 
good  grounding  practices  to  maintain  full  rated  performance. 
Because  the  AD558  is  intended  for  application  in  microcom- 
puter systems  where  digital  noise  is  prevalent,  giecial  care  must 
be  taken  to  assure  C&^itil%)ierent  pujeymivtEealfi^.' 

The  ABS  ^  has  two  ground  (common)  pins;  this  minimizes 
ground i&dpii'and  noise  in  ttte  analog  signal  path.  Figure'  5 
shows  how  the  ground  connections  should  be  made. 

It  is  often  advisable  to  maintain  separate  analog  and  digital 
grounds  throughout  a  complete  system,  tying  them  common 
in  one  place  only.  If  the  common  tie-point  is  remote  and  ac- 
cidental disconnection  of  that  one  common  tie-point  occurs 
due  to  card  removal  with  power  on,  a  large  differential  volt- 
age between  the  two  commons  could  develop.  To  protect  de- 
vices that  interface  to  both  digital  and  analog  parts  of  the 
system,  such  as  d>e  ADSS,$,  .it  is  recommeni^d  that  common 
ground  tie-points  should  be  provided  at  each  such  device.  If 
only  one  ^s^Eem  ground  $an.  be  coimected  directly  to  the 
AD558,  it  is  r^ommend'^d  that  analog  common  be  selected. 


VbuT  \ 


-i<r- 


■  TO  SVSTEM  GND 


lir    ^  i  ^  TO  SYSTEM  GND 

TO  SYSTEM  Vcc 


vH-^  »T 


.imdSl0ifi^ti):S9aHlfl^S)M@etle  Connection 


Figures.  Remrrinnenped  Grourtding  SitidByi^ssirig  . 

POWER'SOroEY  CONSIOBRATIONS ' 
The  ADSS8  is' designed  tb^  <^>erate  from  a  sin^e  positive  power 
supply  voltage.  Sjyecified  performance  is  achieved  for  any  sup- 
ply volag«  between  +4.SV  and  +16i5V;  THs'  iniKies  the ' 
AD558  ideal  for  battery-operated,  portable,  iUttimi^tive  oir  " 
d^ital  main-iiaine  applications. 

The  only  consideration  in  selecting  a  supply  voltage  is  that,  in 
order  to  be  able  to  use  the  OV  to  lOV  output  range,  the  power 
supply  voltage  must  be  between  +11.4V  and  +16.5V.  If,  how- 
ever, the  OV  to  2.56V  range  is  to  be  used,  power  consumption 
will  be  minimized  by  utilizing  the  lowest  available  supply 
voltage  (above  +4.5V). 

TIMING  AND  CONTROL 

The  AD558  has  data  input  latches  that  simplify  interface  to 
8-  and  16-bit  data  buses. T^ese  latches  are  controlled  by  Chip 
Enable  (CE)  and  Chip  Select  (CS)  inputs.  CE  and  CS  aie  inter- 
nally "NORed"  so  that  the  latches  transmit  input  data  to  the 
DAC  section  ^en  both  CE  and  CS  are  at  Lc^c  "0".  If  the 
application  does  not  involve  a  data  bus,  a  "00"  condition 
allows  for  direct  operatioii  of  the  DAC.  When  either  CE  or 
CS  go  to  Logic  "1",  the  input  data  is  latched  into  the  registers 

*For  additional  insight,  "An  IC  Amplifier  Users'  Guide  to  Decoupling, 
Grounding  and  Making  Things  Go  Right  For  A  Change",  is  available 
at  no  charge  from  any  Analog  Devices  Sales  Office. 
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CS  inputs  should  be  tied  to  ground.)  The  truth  table  is  given 
in  Table  I.  The  logic  function  is  also  shown  in  Figure  6. 


Latch 

IIS  CE 

CS 

DACDa^_,., 

.-^lldilion 

0 

0 

Q 

0 

I 

0 

0 

'  t,  ■ 

'^ttaB$pftfe]it*' 

0 

0 

0 

latching 

1 

S 

0 

1 

latching 

0 

0 

f 

0 

latching 

1 

0 

I 

1 

latching 

X 

1 

X 

previous  data 

latched 

X 

X 

1 

previqus  data  latche^ 

Notes: 

X  =  Docs  not  matter 

J'  =  LogicThiediold  at  Po<itiv»Going  Tiaiuitibn 
Table  r.  ADSSaCcaitroflL^^Wih  f^'^ 


FIgwe  'B.  AO^SB  Control  Logic  Function 

In  a  level-triggered  latch  such  as  that  in  the  ADS  58  there  is 
an  interaction  between  data  setup  and  hold  times  and  the 
width  lOf  the  enable  pulse.  In  an  effort  to  reduce  the  time 
required  to  test  all  possible  combinations  in  production,  die 
AD558  is  tested  with  tjjs  =  tw  =  200ns  at  25°C  and  270b$  f$ . 
Tmin  with  t^H  =  10ns  at  all  temperatures.  Failure 

to  comgl^  w4th  fhc^  sp^cjficatipiis  may  re^lt  in  data  not 
being  l^t4>^H9P«^<:<,  ■. 

Figure  7  shows  the  timing  for  the  data  antt  control  sigtudj^ ' 
CE  and  CS  are  identical  in  timing  as  well  as  in  function.  ■ 
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tm  ■  SmOBE  PULSE  WDTH  =  200na  min 
tm*  "  MTA  HOU>  IWE  =  10m  nrin 

tn  -  tMnsEiurmE  :=  m»mln 

a  >  DAC  OUmiT  SETTUNQ IME  TO  ±ia  L 


Separate  access  to  the  feedback  resistor  of  the  output  ampli- 
fier allows  additional  apphcation  versatility.  Figure  8a  shows 
how  1 X  R  drops  in  long  lines  to  remote  loads  may  be  cancelled 
by  putting  the  drops  "inside  the  loop."  Figure  8b  shows  how 
the  separate  sense  may  be  used  to  provide  a  higher  output 
current  by  feeding  back  around  a  simple  current  booster. 


'9.'JSon^ige^^^f<frlxfi  P/rpfifsIn  Output Lli^  i, 


VOUT 

0VTO+2.S6V 


i.3  b.  Ouput  Current  Booster  . 

>  Figure  s.  Use  Of  Vbt/f  Sense 

OPTIHtt^e  SETTLING  TIME  1 
In  order  to  provide  single-supply  operation  and  zero-based 
output  voltage  rafiges,  the  APS  58  ou^ut  sta^^  has  a  passive 
"piul^bwn"  to  grbiiiid.  As  a  lesiilt,  settling  time  for  negative-* 
going  output  steps  mnv^b?  iQnga  dun  for  poative-going  out- 
put steps.  The  rdlalAe^iAereiicx'depends  oiiiU  resistance 
and  capacitance.  If  a  negative  power  supply  is  available,  the 
negative-going  settiing  time  may  be  improved  by  adding  a  pull- 
down .irqsistpr  ffom  the  output  to  the  negative ^upply  as  show^ 
in  Fjgiue  ?.  The  i;s^,a4the  resistor  sb^uld  be^i;^  iChat,  at  ., 
zero  voltage  put,  <3ine|tt|^uou^,^tr^si^  jSiA)i^^  , 


.  VoUT 

VoUT  SENSE 

NEGATIVE 

SUPPLV  N 

Figure  ft  Improve  Smttlt^  mm' 

BIPOLAR  OUTPUT  RANGES 

The  AD558  was  designed  for  operation  from  a  single  power 
supply  and  is  thus  capable  of  providing  only  unipolar  (OV  to 
+2.56  and  OV  to  lOV)  output  ranges.  If  a  negative  supply  is 
available,  bipolar  output  ranges  may  be  achieved  by  suitable 
output  offsetting  and  scaling.  Figure  10  shows  how  a  ±1.28 
volt  output  range  may  be  achieved  when  a  -5  volt  power  sup- 
ply is  available.  The  offset  is  provided  by  tKe  A.D589  precision 
1.2  volt  reference  which  will  operate  from  a  +5  volt  supply. 
The  AD544  output  amplifier  can  provide  the  necessary  ±1.28 
volt  output  swing  frorii'd>'«^leaip^ltSk>Cojliligij%corap]emen- 
tary  offset  binary. 
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Applying  the  AD558 


VouT  =  OV  TO  +2.56V 


0.0  VF 

+1.28  TO 
1J7 


INPUT  CODE 

VoUT 

oooooooe 

-1-1 28V 

10000000 

OV 

ninin 

-1J7V 

Figura  iO.  BiffelarOp^tionof  A^snpm  itSV 
Supplies    '  ■      ■  ■  -■■  ■'      -''^-'^  -■■ 

MEASURING  OFFSET  ERROR 

One  of  the  most  commonly  specified  end-point  errors 

associated  with  real-world  nonideal  DACs  is  offset  error. 

In  most  DAC  testing,  the  offset  error  is  measured  by  applying 
the  zero-scale  code  and  measuring  the  output  deviation  from 
0  volts.  There  are  some  DACs,  like  the  ADS58  where  offset 
errors  may  be  present  but  not  observable  at  the  zero  scale, 
because  of  other  circuit  limitations  (such  as  zero  coinciding 
with  single-supply  ground)  so  that  a  nonzero  output  at  zero 
code  cannot  be  read  as  the  offset  error.  Factors  like  this  make 
testing  the  ADS  58  a  little  more  complicated.  . . 

By  adding  a  pulldown  resistor  from  the  output  to  a  negative 
supply  as  shown  in  Figure  1 1,  we  can  now  readoffset  errors 
at  zero  code,  that  ]tt{^  i9^t  jha^  j>«en  observable  due  to  drcuit 
limitations.  The  value  of  the  resistor  should  be  such  that,  at 
zero  voltA^  Qu&,.^iasei!t:^iroiit|^jh«!  s^jl^^MiSi^A  max. 


a.  OV  to  2.56V  Output  Range 


b.  OV  to  10  V  Output  flange 
Figure  1 1.  Offset  Connection  Diagrams 


INTERFACING  THE  ADS  58  TO  MICROPROCESSOR  DATA 
BUSES 

The  AD558  is  configured  to  act  like  a  "write  only"  location 
in  memory  that  may  be  made  to  coincide  with  a  read  only 
memory  location  or  with  a  RAM  location.  The  latter  case 
allows  data  previously  written  into  the  DAC  to  be  read  back 
later  via  the  RAM.  Address  decoding  is  partially  complete  for 
either  ROM  or  RAM.  Figure  12  shows  inteffaiSM  for  three 
popular  microprocessor  systems. 
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OATED  OECOOED  ADDRESS  -  C5 


a.  6800/ADSS8  Interface 


2S 


DECODED  ADDRESS  SELECT  PULSE  -  C? 


b.  8080A/AD558  interface 
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F^ure  12.  Interface  the  ADSS8  to  Mleropmcessors 


Wmmt^fmANALOQ  EONVBtTEftS  2-53 


AD5S8— Performance  (typical  @  +2S°G,  Vec  =  +5V  to  +1SV  unless  otbecwise  notHl) 
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Figure  13.  Full-Scale  Accuracy  vs.  Temperature 
Performance  of  ADS58 
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Figure  14.  Zero  Drift  vs.  Temperature  Performance 
ofADSSa 
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Figure  15,  Quiescent  Current  vs.  Power  Su/^ly 
Voltage  for  ADSS8 
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Figure  /A  ADSS8  Logic  Timing 
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FEATURES 

Coniptato  Currant  Output  Converter 

MflhStabllityBuriadZanerRafwanea  j  

Laser  Trimmed  to  High  Accuracy  (1/4LSB  Max  Error, 
AD561K,T) 

Trimmed  Output  Application  ReaistarsforOta  +10,  ±5 

Volt  Ranges 
Fast  SattHng  -  2S0ns  to  1/2LSB 
Guaranteed  Monotonidty  Over  Full  Operating 

Temperature  Range 
TTL/DTL  and  CMOS  Compatible  (PosHlveTnM  Lo^) 
Single  Chip  Monolithic  Construction  . 

AvalaMo  hi  Chip  Form    -  < 

MIL-8TD-883-Compliant  Venlons  Available 


Monolithic  D/A  Converter 


AD561 


FUNCTIONAL  BLOCK  DIAGRAM 
TO-116  L___ 


PRODUCT  DESCRIPTION 

The  ADS  61  is  an  integrated  circuit  10-bit  digital-to-analog 
converter  combined  with  a  high  stability  voltage  reference 
fabricated  on  a  single  monolithic  chip.  Using  10  precision  high' 
speed  current-steering  switches,  a  control  amplifier,  voltage 
reference,  and  laser-trimmed  thin-film  SiCr  resistor  network, 
the  device  produces  a  fast,  accurate  analog  output  current. 
Laser  trimmed  output  application  resistors  are  also  included  to 
facilitate  accurate,  stable  current-to-voltage  conversion;  they 
are  trimmed  to  0. 1%  accuracy,  thus  eliminating  external  trim- 
mers in  many  situations. 

Several  important  technologies  combine  to  make  the  ADS  61 
the  most  accurate  and  most  stable  10-bit  DAC  available.  The 
low  temperature  coefficient,  high  stability  thin-film  network 
is  trimmed  at  the  wafer  level  by  a  fine  resolution  laser  system 
to  0.01%  typical  linearity.  This  results  in  an  accuracy  specifica- 
tion of  ±1/4LSB  max  for  the  K  and  T  versions,  and  1/2LSB 
max  for  the  J  and  S  versions. 

The  ADS61  also  incorporates  a  low  noise,  high  stability  subsur- 
face zener  diode  to  produce  a  reference  voltage  with  excellent 
long  term  stability  and  temperature  cycle  characteristics  which 
challenge  the  best  discrete  zener  references.  A  temperature 
compensation  circuit  is  laser-trimmed  to  allow  custom  correc- 
tion of  the  temperature  coefficient  of  each  device.  This  results 
in  a  typical  full-scale  temperature  coefficient  of  15ppm/°Ci  the 
T.C.  is  tested  and  guaranteed  to  30ppm/°C  max  for  the  K  and 
T  versions,  60ppm/°C  max  for  the  S,  and  80ppm/°C  for  the  J. 

The  A0561  is  available  in  four  performance  grades.  The 
ADS61J  and  K  are  specified  for  use  over  the  0  to  +70''c 
temperature  range  and  are  available  in  either  a  16-pin 
hermetically-sealed  ceramic  DIP  or  a  16-piii  molded  plastic 
DIP.  The  AD561S  and  T  grades  are  specified  for  the  -55°C 
to+12S  C  rangf  and  are  available  in  the  cnamic  pa^uige. 


PRO^,VfQT  HIGHUGirrS 

1.  Advanced  monolithic  processing  and  laser  trimming  at  the 

wafer  level  have  made  the  AD561  the  most  accurate  10-bit 
converter  available  while  keeping  costs  consistent  with  large 
volume  integrated  circuit  production.  The  AD561K  and  T 
have  1/4LSB  max  relative  accuracy  and  1/2LSB  max  differ- 
ential nonlinearity .  The  low  T.C.  R-2R  ladder  guarantees 
that  all  AD561  units  will  be  monotonic  over  the  entire 
operating  temperature  range. 

2.  Digital  system  interfacing  is  simplified  by  the  use  of  a  posi- 
tive true  straight  binary  code.  The  digital  input  voltage 
threshold  is  a  function  of  the  positive  supply  level;  connect- 
ing Vqq  to  the  digital  logic  supply  automatically  sets  the 
threshold  to  tiie  proper  level  for  the  logic  family  being  used. 
Lo^C  sink  current  requirement  is  only  2SmA. 

3.  The  h%h  speed  current  steering  switches  are  designed  to 
setde  in  less  than  2S0ns  for  the  woi>t  case  digital  code 
transition.  This  allows  construction  of  successive-approxi- 
mation A/D  converters  in  the  3  to  5/is  range.-  .  -  . 

4.  The  ADS61  has  an  output  voltage  compliance  range  from 
-2  to  +10  volts,  thus  allowing  direct  current-to-voltage 
conversion  with  just  an  output  resistor,  omitting  the  op  amp. 
The  40Mn  open  collector  output  impedance  results  in  negli- 
gible errors  due  to  output  leakage  currents. 

5.  The  AD561  is  available  in  versions  compliant  with  MIL-STD- 
88  3 .  Refer  to  the  Analog  Devices  Military  Products  Oatabook 
or  current  ADS61/883B  daoi  sh««t  fordctailed  specifications. 


•Protected  bjr  Patent  Nm.:  3,»M,760;  3,747,088;  RE  28,633; 
4,136,349. 
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IfflUJUlLL 

niui               M  UK 

~ 

RESOLUTION 

10  Bits 

10  Bits 

ACCURACY  (Error  Relative 
to  Full  Scale) 

±1/4  "  ±1/2 
(0.025)  (0.05) 

±1/8  ±1/4 
(0.012)  (0.025) 

LSB 

%  of  F.S. 

DIFFERENTIAL  NONLINEARI^ 

±1/2 

±1/4  ±1/2 

LSB 

DATA  INPUTS 
TTL,Vcc  =  +5V 

Bit  ON  Logic  "1" 

Bit  OFF  Logic  "0" 
CMOS,  lOV  <  Vcc  <  16-5V 

Bit  ON  Logic  "1" 

Bit  OFF  Logic  "0" 
^Logic  Current  (Each  Bit)  (T^^  to  T„„) 

Bit  ON  Logic  "1" 

Bit  OFF  Logic  "0" 

+2.0 

+0.8 

70%Vcc 

30%  Vcc 

+5  +100 
-5  -25 

• 

• 

• 

*  • 

•  • 

V 
V 

'  V 
V 

nA 

MA         „  „ 

OUTPUT 

Cunent         .  ,          ,  '  .i 

Unipolar             ^    *  _ 

Bipolar 
Resistance  (Exclusive  of 

Application  Resistors) 
Unipolar  Zero  (All  Bits  OFF) 
Capacitance 

Compliance  Voltage  ' 

t.S  ^  ,-  ,'  2.0  2.4 
±0.75"  '    ±1.0  ±1.2 

40M 

0.01  0.05 

25  .  -  ' 
;    -J'*'  +10 

•  *  « 

*  *  • 

*  • 

mA 
mA 

n 

%  of  F.S.  ■ 

SETTLING  TIME  TO  1/2LSB 

AllBitsON-to-OFForOPF-to-ON 

'                250'  ' 

"  ns  ■ 

1 — .  , — a — 

POWER  REQUIREMENTS 
Vcc  **-5V  dc  to  +16. 5V  dc 
Vee,  -10.8V  dc  to  -16.5V  dc 

8  10 
12  16 

*  * 

•  • 

mA 

mA  , 

POWER  SUPPLY  GAIN  SENSITIVITY 
Vcc.  +'*-5V  dc  to  +16.5V  dc 
VgE. -10;8V  dc  to -16.5V  dc 

2  10 

■           4      '  25 

*  * 

•  « 

ppmofF.S./% 
ppm  of  F.S./% 

TEMPERATURE  RANGE 
Operating 

Storage  ("D"  Package) 
("N"  Package) 

0  to  +70 
-65  to  +150 
-25  to +85 

«  * 
•  * 

°C           '-.  . 

°c 
°c 

TEMPERATURE  COEFFICIENTS 
With  Internal  Reference 
Unipolar  Zero 
Bipolar  Zero 
Full  Scale 

Differential  Nonlinearity 

1  10 

2  20 
15  80 
2.5 

1  5 

2  10 
15  30 

2.5 

ppm  of  F.S./°C 
ppm  of  F.S./°C 
ppm  of  F.£./°C 
ppm  or  r .»./  C 

MONOTONICITY 

Guaranteed  over  full 
operating  temp,  range 

Guaranteed  over  full 
operating  tcihp.  rai^te 

PROGRAMMABLE  OUTPUT 
RANGES 

0  to  +10 
-5  to  +5 

• 
• 

V 
V 

CALIBSATION  ACCURACY 
'    Full  Scale  Ettdr«iritti  Pijt«a<^2im 
Resistor 

Bipolar  Zero  Error  with  Fixed  lOSl 
Resistor 

±0.1 
±0.1 

« 

* 

%  of  F.S. 
%  of  F.S. 

CALIBRATION  ADJUSTMENT 
RANGE 

Full  Scale  (With  50n  Trimmer) 
Bipolar  Zero  (With  SOSl  Trimmer) 

+0.5 
±0.5 

« 

%  of  F.S. 
%  of  F.S. 

NOTES 

'Specifications  same  as  ADS61J  specs. 
Spedflcatiolu  subject  to  chanfe  widiouc  notice. 
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'                         in  Rife 
Iv  oils 

ir-^i'  --  >  :  

in  Rife 

AiAjUKACY  (Error  Kclative 
to  Full  Scale) 

(0.025)  (0.05) 

-  +iyft  +1/0. 
(0.012)  (0.025) 

I  CR                     ■  ■ 
USD 

%  of  F.S. 

DIFFERENTIAL  NONLINEARITY 

±1/2 

±1/4  ±1/2 

LSB 

DATA  INPUTS 
TTL.Vcc  =  +5V 

Bit  ON  Logic  "1" 
,  Bit  OFF  L<?gic  "0" 
CMpS,  lOV  lSlVcG,.<  16.jy 
■b*it:ON  Logic  "1"  - 

iBitCa^F  Logic  "Q" 
LogieCttittiit  <Eaefa  Bit)  (T^j,  to  T„„) 

BitONitogfcf'l"               :  ,. 

Bit  OFF  togiC'''A"  .  ■  i. 

+2.0, 

'  +0.8 

70%  Vcc 

i  ,  .            .  >        30%  Vcc 

.    *20-  +100 
«25  -100 

•  * 

'«* 

V 
V 

V 
V 

nA 
(lA 

OUTPUT        •    ■    ^       ■'■  •■••i'       '  ' 
Current 

Unipolar 

Bipolar 
Resistance  (Exclusive  of 

Application  Resistors) 
Unipolar  Zero  (All  Bits  OFF) 
Capacitance 

Conipliance. Voltage       .  . 

1.5            2.0  2.4 
±0.75         ±1.0  ±1.2 

40M 

,  0.01  0.05 

.  ,  25 

-2             "B-  +10 

•*  «• 
•  «  *« 

*«  •« 

mA 
mA 

a 

%  of  F.S. 
pF 

V 

SETTLING  TIME  TO  1/2LSB     1         :  .  . 
AU  Bits  ON-to-OFF  or  OFF-to-ON 

250 

ns 

POWER  REQUIREMENTS 
Vcc.          <•«  W  +16-5V  dc 
Vee.  -lO-SV  dc  to  -16.5V  dc 

6  10 
11  16 

 trr  ' 

•• 
•* 

mA 
mA 

POWER  SUPPLY  GAIN  SENSITIVITY 
Vcc.             *°  +16. 5V  dc 
Vgg,  -10.8V  dc  to  -16.5V  dc 

2  10 
4  25 

**  ** 
*• 

ppm  of  F.S./%  " 
ppm  of  F.S./% 

TEMPERATURE  RANGE 
Operating 
Storage 

-55  to  +125 
-65  to  +150 

«« 

°C 
°C 

TEMPERATURE  COEFFICIENTS 
With  Internal  Reference 
Unipolar  Zero 
Bipolar  Zero 
Full  Scale 

L'ULV*"*L1*U  1^  UlllUlvcUtljr 

'  i 

1  10 

2  20 
15  60 
2.5 

1  5 

2  10 
15  30 

ppm  of  F.S./°C 
ppm  of  F.S./°C 
ppm  of  F.S./°C 

ppm  OI  r  .3,1  Li 

MONOTONICITY 

Guaranteed  over  full 
operating  temp,  range 

Guaranteed  over  full 
operating  temp,  range 

PROGRAMMABLE  OUTPUT 

^;  RANGES 

0  to  +10 
-5  to  +5 

** 

V 
V 

.CALIBRATION  ACCURACY 

Full  Scale  Error  with  Fixed  2512 

Resistor 
Bipolar  Zero  Error  with  Fixed 

Resistor 

±0.1 
±0.1 

%  of  F.S. 
%  of  F.S. 

CALIBRATION  ADJUSTMENT 
RANGE 

FuU  Scale  (With  5012  Trimmer) 
Bipolar  Zero  (With  SOSl  Trimmer) 

±0.5 
±0.5 

•  • 
•• 

%  of  F.S. 
%  of  F.S. 

NOTES 

''Specifications  same  as  AD561S  specs. 
Specifications  subject  to  change  wittiout  notice. 
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CIRCUIT  DESCRIPTION 

A  simplified  schematic  with  the  essential  circuit  features  of  the 
AD561  is  shown  in  Figure  1.  The  voltage  reference,  CRl,  is  a 
buried  zener  (or  subsurface  breakdown  diode).  This  device  ex- 
hibits far  better  all-around  performance  than  the  NPN  base- 
emitter  reverse-breakdown  diode  (surface  zener),  which  is  in 
nearly  universal  use  in  integrated  circuits  as  a  voltage  reference. 
Greatly  improved  long  term  stability  and  lower  noise  are  the 
major  benefits  the  buried  zener  derives  from  isolating  the 
breakdown  point  from  surface  stress  and  mobile  oxide  charge 
effects  The  nominal  7.5  volt  device  (including  temperature  , 
compensation  circuitry)  is  driven  by  a  current  source  to  the 
negative  supply  so  that  the  positive  supply  can  be  allowed  to 
go  as  low  as  4.5  volts.  The  temperature  coefficient  of  each 
diode  is  detennined  individually;  this  data  is  then  used  to  laser 
trim  a  compensating  circuit  to  balance  the  overall  T.C.  to  zero. 
The  typical  resulting  T.C.  is  0  to  ±15ppm/  C. 
The  negative  reference  level  is  inverted  and  scaled  by       to  give 
a  +2.5  volt  reference  (which  can  be  driven  by  the  low  positive 
supply).  The  AD561,  packaged  in  the  16-pin  DIP,  has  the  +2.5 
volt  reference  (REF  OUT)  connected  dii:ectly  to  the  input  of 
the  control  amplifier  (REF  IN).  The  buffered  reference  is  not 
directly  available  externally  except  through  the  2.$kSl  bipolar 
offset  resistor. 

The  2.5kSl  scaling  resistor  and  control  amplifier  A2  then  force 
a  1mA  reference  current  to  flow  through  reference  transistor 
Ql ,  which  has  a  relative  emitter  area  of  8A.  This  is  accom- 


plished by  forcing  the  bottom  of  the  ladder  to  the  proper  voltage. 
Since  Qj  and  Q2  have  equal  emitter  areas  and  have  equal  Skfi 
emitter  resistors,  Q2  also  carries  1mA.  The  ladder  voltage  drop 
constrains  Qy  (with  area  4A)  to  carry  only  O.SmA;  Qg  carries 
0.25mA,  etc.  snjtl^JH 

The  first  four  s^nif leant  bit  cells  are  scaled  ncaetly  in  emitter 
area  te  vamh  Qt  fot  optiroAn  ^sE.SiKi  Vsi  <i''ft  m»ictu.-8is 
well  as  for  beta  match.  These  effects  are  insignificant  for  the 
lower  order  bits,  which  account  for  a  total  of  only  1/16  of  full 
scale.  However,  the  18mV  VgE  difference  between  two 
matched  transistors  carrying  emitter  currents  in  a  ratio  of  2: 1 
must  be  corrected.  This  is  done  by  forcing  llOfiA  through  the 
150n  interbase  resistors.  These  resistors  and  the  R-2R  ladder 
resistors  are  actively  laser-trimmed  at  the  wafer  level  to  bring 
total  device  accuracy  to  better  than  1/4LSB.  Sufficient  ratio 
accuracy  in  the  last  two  bits  is  obtained  by  simple  emitter  area 
ratio  such  that  it  is  unnecessary  to  use  additional  area  for 
ladder  resistors.  The  current  in  Qx6    added  to  the  ladder  to 
balance  it  properly  but  is  not  switched  to  the  output;^^Bs{all 
scale  is  1023/1024  X  2mA. 

The'i*itching'ctB'i)f  Qj,  Q4,  Q5  and  Qg  serves  to  steer  the 
cell  current  either  to  ground  (BIT  1  low)  or  to  the  DAC  output 
(BIT  1  high).  The  entire  switching  cell  c'drries  the  same  current 
whether  the  bit  is  on  or  off,  thus  minimizing  thermal  transients 
and  ground  current  errors.  The  logic  threshold,  which  is  gener- 
ated from  tbe.positive  supply  (see  Digital  Logic  Interface)  is.  . 
^plied  to  one  side  of  each  cell.  ' 
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PIN  CONFIGURATION 
TOP  VIEW 


GROUND  [T 


ORDERING  GUIDE 


■  .  DIGITAL 

Tl]  BIT3  >  LOGIC 
^  '  INPUTS 


ACCURACY 

GAIN  T.C. 

PACKAGE 

MODEL' 

TEMP  RANGE 

@+25 

°C 

(of  F.S./°C) 

OPTION* 

AD561JD 

0  to  +70°C 

±'/2LSB 

max 

80ppm  max 

D-16 

AD561JN 

0  to  +70°C 

±WLSB 

max 

80ppm  max 

N-16 

AD561KD 

0  to  +70°C 

+  '/.LSB 

max 

30ppm  max 

D-16 

ADS61KN 

0  to  +70°C 

±MLSB 

max 

30ppm  max 

N-16 

AD561SD 

-55  to  +125''C 

iViLSB 

max 

60ppm  max 

D-16> 

ADS61TD 

-55  to  +125°C 

±MLSB 

max 

30ppm  max 

ADS61/883B 

-55  to  -H25°C 

« 

■■  »  VI  . 

For  details  on  grade  and  package  offerings  screened  in  accordance  with  MIL-STD-483. 
refer  to  the  Analog  Devices  Military  Products  Databook  or  current  AD561/883B 
data  sheet. 

D  =  Ceramic  DIP;  N  =  Plastic  DIP.  For  outline  information  see  Package  Information 
secdon. 

'Refer  to  AD561/883B  military  datasheet. 
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AD562/AD563^ 


FEATURES 

True  12-Bit  Accuracy 

Guaranteed  Monotonicity  Over  Full  Temperature  Range 

Hermetic  24-Pln  DIP 

TTL/DTL  and  CMOS  Compatibility 

Positive  True  Logic 

MILSm<8834k>m|iliant  Maraions  AMaUaUe  - 


PIN  CONFIGURATIONS 


eROOUCT  DESCIUPTION 

The  AD562/ADS63  are  monolithic  12-bit  digital-to-analog 
converters  consisting  of  especially  designed  precision  bipolar 
switches-and  control  amplifiers  and  compatible  high  stability 
silicon  chromium  thin  film  resistors.  The  AD563  also  includes 
its  own  internal  voltage  reference. 

A  unique  combination  of  advanced  circuit  design,  high  sta- 
bility SiCr  thin  film  resistor  processing  and  laser  trimming 
technology  provide  the  AD562/AD563  with  true  12-bit 
accuracy.  The  maximum  error  at  +25  C  is  limited  to  ±V4LSB 
on  all  versions  and  monotonicity  is  gnaianteecl  over  the  full 
operating  temperature  range. 

The  AD562  and  AD563  are  recommended  for  high  accuracy 
12-bit  D/A  converter  applications  where  true  12-bit  perfoim- 
ance  is  required,  but  low  cost  and  small  size  are  considera- 
tions. Both  devices  are  also  ideal  for  use  in  constructing  A/D 
conversion  systems  and  as  building  blocks  for  higher  resolu- 
tion D/A  systems.  J  and  K  versions  are  specified  for  opera- 
tion over  the  0  to  +70  C  temperature  range,  the  S  and  T  for 
operation  over  the  extended  temperature  range,  -55°C 
to  +125''C. 

PRODUCT  HIGHLIGHTS 

1.  The  AD562  multiplies  in  two  quadrants  when  a  varying 

.  reference  voltage  is  applied.  When  multiplication  is  not  — 
required,  the  AD563  is  recommended  with  its  internal 
low  drift  voltage  reference. 

2.  True  12-bit  resolution  is  achieved  with  guaranteed  mono- 
tonicity over  the  full  operating  temperature  range.  Volt- 
age outputs  are  easily  implemented  by  using  an  external 
operational  amplifier  and  tne  ADS62/ADS63s  internally 
provided  feedback  resistors.  ^ 

3.  The  devices  incorporate  a  newly  developed  and  fiiUy  dif- 
ferential, non-saturatii^  precision  current  switching  cell 
structure  which  provides  increased  inmiunity  to  supply 
voltage  variation  and  also  reduces  nonlinearities  due  to 

..  thermal  transients  .as-thc  various  bits  arc  switched;  nearly 
all  critical  componcncs  operate  at  constant  power  dissipation. 

•Covered  by  Patent  tiot.  3jm^i  4,141,004;  3,747,088;  RE  28,633; 
3,803,S«0;  *jmimt  me  lLmt3  h  aba  cwned  fegr  4013^; 
4,136,349. 
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vee  -15V  IN  rr 

(20mAI  LJL 
BIPOLAR  OFFSET  R  IN  [T 
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AD562 
TOP  VIEW 
(Not  to  Scale) 


24]  BIT  1  IMSBI  IN 
^BIT2  IN 
a]  BIT  3  IN 
ly]  BIT 4  IN 

lo]  BIT  5  IN 
"19]  BIT  6  IN 
^BIT7  IN 
j7]biT8  IN 

jsJbits  in 

^  bit  10  IN  ■'I'Z 
11]  BIT  11  IN 
1j1bIT12IL88IIH 


Vcc+«V/+15V  IN  [V  • 

"24]  BIT  1  (MSB) 

GMGvrTL-  rr- 

LOGIC  THRESHOLD  Lf_ 

"zT]  BIT  2  IN 

REFERENCE  SUPPLY  IN 

IT]  BIT  3  IN 

REFERENCE  OUT  rj* 
(+25V  ±3%)  LL 

^  BIT  4  IN 

REF  GND  [V 

"20I  BITS  IN 

REFERENCE  IN  VT  AD 

563                  BIT  6  IN 

TOP 

Vee  -15V  ry       (Not  to 

VIEW  ^ 
Scale)      Ts]  BIT  7  IN 

BIPOLAR  OFFSET  IN  fT 

~Vj]  BITS  IN 

DACOUt(^mA  F,S.)  \T 

IT]  BIT  9  IN 

lOV  SPAN  R  [1^ 

js]  BIT  10  IN 

20V  SPAN  R  QT 

TT)  BIT  11  IN 

-                aw>[^  -  - 

4.  The  thin  film  resistor  network  contains  gain,  range,  and 
bipolar  offset  resistors  so  that  various  output  voltage 
ranges  can  be  programmed  by  changing  connections  to 
the  device  terminal  leads.  Thin  film  resistors  are  laser 
trimmed  while  the  device  is  powered  to  accurately  cali- 
brate all  scale  factors.  The  scale  factors  are  dependent 
upon  the  tracking  coefficient  (<±2ppm/°  C)  of  these  re- 
sistors, rather  than         their  absolute  temperature 
coefficients. 

5.  TTL  or  CMOS  inputs  can  be  accommQ(|ate4.for  supply 
voltages  from +5V  to +15 V. 

6.  Positive  true  logic  eUminates  the  ne^fbr  additional  in- 
verter components. 

7.  The  AD562  and  ADS63  are  available  in  versions  compliant 
with  mLSTB^B}. p^jst  to  the  Analog  Devices  Military 
Products  Databodk.oE.eiilxe>it  iE8ft3&4ataj^     for  deudled- 
specifications.  , 
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M)DEL 


AU90XJUJ/IUn 

ADS«2KD/Bai 


AU3«2AU/illN 


AD$62SI}/BIN 


DATA  INPUTS  (positive  True,  Binary 
(BCD)  and  Offset  Binary  (BCD)) 
TTL,        =  +5V,  Pin  2 


Bit  ON  Logic  "1" 

+2.0V 

* 

Bit  OFF  Logic  "0" 

+O.BV  mut 

CMOS,  4.75  <Vq£.  <15.8, 

Pin  2  Tied  to  Pin  1 

Bit  ON  Logic  "1" 
Bit  OFF  Logic  "0" 

70%Vcc 
iO%VQQ  max 

* 

Logic  Current  (Each  Bit) 
Bit  ON  Logic  "1"  : 

+20nA  typ,  +100nA  max 

Bit  OFF  Logic  "0" 

-SO^iA  typ,  -100/iA  max 

« 

• 

OUTPUT 

Current 

Unipolar 
BipoUtr 

Resistance  (Exclusive  of 

-1.6mA  min,  -2.0inA  cyp.  -2.4mA  max 
lO.SmA  itifii^^l.OinA  typi  ll.&aA  max 

« 
* 

Span  Resistors) 
Unipolar  Zero  (All  Bits  OFF) 

S.3k£2  min,  6.6kn  tjpp.  7.9kn  max 
0.01%  of  F.S.  typ.  0.05%  of  F.S.  nax 

• 
• 

• 

Capacitance 
Compliance  Voltage 

33pF  typ 

-1.5V  to  +10V  typ 

• 

• 

• 
• 

RESOLUTION 

Binary 
BCD 

12Biu 
3  D^ts 

» 

* 

ACCURACY  (Error  Relative 
to  Full  Scale) 

Binary 

±1/2LSB  max 

±1/4LSB  max 

max 

« 

xi/iULi3D  max  , 

DIFFERENTIAL  NONLINEARITY 

±1/2LSB  max 

SETTLING  TIME  TO  1/2LSB 

All  Bits  ON-to-OFF  or  OFF-to-ON 

1.5ms  typ 

* 

* 

POWER  REQUIREMENTS 
Vf^,*4.75  to+15.8Vdc 

15mA  lyp,  ISmA  max 

« 

VEE.-15Vdc±5% 

20iiiA  lyp.  25mA  max 

• 

POWER  SUPPLY  GAIN  SENSmVlTY 

■   ■   "  ■■■■      1  1     .-^  -j..^  ' 

r 

Vqc  ®  +5V  d6  1. 

Voc®*15Vdc 

VE£®-15Vdc 

2ppm  of  F.S./%  max 
2ppm  of  F.S./%  max 
6ppm  of  F.S./%  max 

« 

« 

'        ■      '    ' ' 

( 

TEMPERATURE  tU^t^SE, 

0  to' +TO^jG'TO 
-631^0  to  +15a*Ctyp 

Operating  ] 
Ston^  'l 

'-■-2«''Cto*85'*C       -    "■'  ■ 

,     .  -  >^.:  ■      ;  ■ 

-55°c  to  trn'o 

•  •             .  .  .  '] 

TEMPERATURE  C0EFF1C3ENT 

Unipolar  Zero 
Bipolar  Zero 
Gain 

Differential  Nonlinearity 

2ppm  of  F.S./  C  max 
4ppm  of  F.S./°C  max 
5ppm  of  F.S./^C  max 
2ppm  of  F.S./'c 

* 
• 

* 

MONOTONICITY 

Guaranteed  Over  Full  Operating 
Temperature  Range 

— *  !~" — ~ —  

■  - .         •  ,,-1- 

EXTERNAL  ADJUSTMENTS' 

Gain  Error  with  Fixed  SOU  Resistor  10.2%  of  F.S.  typ 
Bipolar  Zero  Error  with  Fixed 

50n  Resistor 
Gain  Adjustment  Range 
Binary  Bipolar  Zero  Adjustments 

..,  ±0.25%  of  F.S.  typ 

BCD  Iffipolar  Ofhet  A^unment 

Range  ±0.17%  of  F.S.  qrp 


±0.2S%  61  F.'S.  typ 


pROGRAMMABtE  OWtir 

RANGES 

0  to  +5V  typ 

• 

-2.5V  to  +2.5V  t>'p 

OV  to  +10V  typ 

• 

-5V  to  +5V  typ 

-lOV  to  +10V  typ 

REFERENCE  INPUT 

Iiqwt  Impcfbncc 

20kntyp                -  *  ' 

.  *  ■  - 

icatADSOKD.   ••^eciGes<ioa>luaca>A0963ICD.  ***S|wdficniaosMDa as 
Spccificadons  aibiect  so  dianfe  widmiic  mwke. 


I.  ''DMi 


2-60  DIGITAL-TO-ANALOG  CONVERTERS 


REV.  A 


AD)63JD/BIN 

ADS«qD/Ba> 

,  A0563KP/BIN 

A0563SD/BIN 
iED563SD/BCD 

AOS63TD/BIN 
AD563TD/BCD 

;  lucjuu  (|in|r  qo  tnrui  |»  7'  - 

• 

,« 

•*      --   ■■■    1  - 

» 

• 
• 

■  1 

• 
* 
• 
• 

•  ■ 
• 

±1/4LSB 

»•  .',11 

:  ..Mw      .V'Ji/J  • 

.  ma  iMuaf  " 

...» 

• 

Ill                                    -  _ 

 '  !.  — TT*  — 7*1?" 

 7.1   J^?tf5..S  ?r'n  '  li^ 

« 

'L  mT  ^£!-j  '            -I-'  ■ 

■  .'J^tnis-  3-'.  'p.  1  ■  - 

15mA  typ,  20inA  max 

• 

.  ■' ;-  ■  ««•  'j*    ;          »■  ^ 

-.  '  I' 

3ppm  of  F.S./%  typ,  lOppm  of  F.S./%  mK 
Jppra  of  F.S./%  typ,  lOppm  of  F.S./%  max 
14ppm  of  F.S./%  typ,  2Sppm  of  F.S./%  max 

**• 

*•• 

•••  , 

• 

* 
• 

-55*C  to  *125^C 

-55°G  to +12S°C 
• 

With  Internal  Reference 

Ippm  of  F.S./° C  typ.  Zppiii  of  F.S./°C  max 

lOppm  of  F.S./fC  max      -  '<■' 

SOppra  of  F.S./  -C  max 

* 

«•* 

aoppin  of  F.S./'C  max 

*«« 

30ppm  of  F-S-Z^C 

max     lOppiB  of  F.S./°C 

- 

max 

• 

• 

With  Fixed  lOSl  Resistor 
10.2%  of  F.S.  typ 

• 

• 

• 

• 

« 
• 
• 
• 

* 
* 

* 

* 
• 
• 

•  *• 

REV.'A 


DimTAl^m-ANALOGSONVEflTERS 


THE  AD562/AD563  OFFERS  TRUE  12-^IT,  H^SOLDTION 
OVER  FULL  TEMPERATURE  RANGE       '  '  j  . 

Accuracy:  Analog  Devices  defines  accuracy  as  the  maximum 
deviation  of  the  actual  DAC  output  from  the  ideal  analog 
output  (a  stra^ht  line  drawn  from  0  to  F.S.  —  ILSB)  for 
any  bit  combination.  The  AD563,  for  example,  is  laser 
trimmed  to  HLSB  (0.006%  of  F.S.)  maximum  error  at  +25°C 
for  K,  S  and  T  versions  .  .  .  KLSB  for  the  J  version. 

Monotonidtyi  A  DAC  is  said  to  be  monotonic  if  the  output 
either  increases  or  remains  constant  for  increasing  digital  in- 
puts such  that  the  output  will  always  be  a  single-valued  func- 
^Sn  of  thf  input.  All  versions  of  the  AD562/AP563  are  _ 
monotonic  over  their  full  operating  temperature  range. 

Kfferential  Nonlineiiily:  Monotonic  behavior  requires  that 
the  differential  nonlinearity  error  be  <1LSB  both  at  25°C 
and  over  the  temperature  range  of  interest.  Differential  non- 
linearity  is  the  measure  of  the  variation  in  analog  value,  nor- 
malized to  full  scale,  associated  with  a  one  LSB  change  in 
digital  input  code.  For  example,  for  a  lOV  full-scale  output, 
a  change  of  one  LSB  in  the  digital  input  code  should  result 
in  a  2.4mV  change  in  the  analog  output  (lOV  x  1/4096  = 
2.4m V).  If  in  actual  use,  however,  a  one  LSB  change  in  the 
input  code  results  in  a  change  of  1.3mV  in  analog  output,  the 
differential  nonlinearity  would  be  l.lmV,  or  0.011%  of  F.S. 
The  differential  nonlinearity  temperature  coefficient  must  also 
be  considered  if  the  device  is  to  remain  monotonic  over  its  full 
operating  temperature  range.  A  differential  nonlinearity  tem- 
perature coefficient  of  Ippm/  C  could,  under  worst  case  con- 
ditions for  a  temperature  change  of  -t-25°C  to  +125°C,  add 
0.01%  (100°C  X  lppm/°C)  of  error.  The  resulting  error  could 
then  be  as  much  as  0.006%  +  0.01%  =  0.016%  of  F.S.  (ILSB 
represents  0.024%  of  F.S.).  All  versions  of  the  AD563  are 
100%  tested  to  be  monotonic  over  the  full  operating  tem- 
perature range.  -   


UNIPOLAR  DAC's 

STEP  I  . .  .  OUTPUT  RANGE 

Determine  the  output  range  required.  For  +10V  F.S.,  con- 
nect the  external  operational  amplifier  output  to  Pin  10  and 
leave  Pin  11  unconnected.  For  -fSV  F.S.,  connect  the  exter- 
nal op  amp  output  to  Pin  10  and  short  Pin  11  to  Pin  9. 

STEP  II .  .  .  ZERO  ADJUST 

Turn  all  bits  OFF  and  adjust  Ri  until  op  amp  output  is  0 
volts. 

STEP  ni . . .  GAIN  ADJUST 

Turn  all  bits  ON  for  bimry  DAC's  (bits  1 , 4,  5 ,  8 . 9  and  1 2 
ON  for  BCD  DAC's).  Adjust      until  op  i^iw^put  is: 

BINARY  BCD   — 

4.9988V  for  +5V  Range        4.9950  for  +5V  Range 
9.9976  for  +10V  Range         9.9900  for  +10V  Range 

BIPOLAR  DAC's 

Figure  lb  is  a  typical  connection  scheme  for  the  AD563 
used  in  bipolar  operation. 

STEP  I . . .  OUTPUT  R^NGE 

Determine  the  output  rai^e  required.  For  ilOV  F.S.,  con- 
nect the  exterml«p-amp  output  to-Pinll-andlcave  Pin  lOnn- 
connected.  For  ±5V  F.S.,  connect  the  external  op  amp  out- 
put to  Pin  10  and  leave  Pin  1 1  unconnected.  For  ±2.5V  F.S., 
connect  the  external  op  amp  output  to  Pin  10  and  short 
Pin  11  to  Pin  9. 

STEP  n  .  .  .  OFFSET  ADJUST 

Turn  ail  bits  OFF  and  adjust  R3  until  op  amp  output  is:  - 
-2.5000V  for  ±2.SV  Range  ,  ■  , 

-5  .OOOOV  for  ±5 V  Range 

-lO.OOOOV  for  ±10V  Range 

STEP  III  .  .  .  GAIN  ADJUST  (Bipolar  Zero) 

Turn  bit  1  ON  for  Binary  DAC's  (bits  2  and  4  ON  for  BCD 

DAC's).  Adjust  R2  until  op  amp  output  is  0  volts.  ... 


OKBeRINNG  GOlBl 


TEMP. 

ACCURACY 

GAIN  T.C. 

PACKAGE 

model' 

INPUT 

CODE 

RANGE 

@  +25°C 

(of  F.S./°C) 

OPTION^ 

ADS62KD/BIN 

Binary 

0  to  +70' 

c 

±1/2LSB  max- 

5ppm  max 

•D-24A  — 

AD562KD/BCD 
AD562AD/BIN 

Binary 

Coded 

Decimal 

0  to  +70' 

c 

±1/2LSB  max 

5ppm  max 

D-24A 

Binary 

-25°C  to 

+85°C 

±l/2LSBmiax 

Sppm  max 

D-24A  r. 

AD562AD/BCD 

Binary 

Coded 

Decimal 

-25°C  to 

+85°C 

+1/2LSB  max 

5ppm  max 

D-24A  ■ 

AD562SD/BIN 

Binary 

-55°C  to 

+125°C 

±1/4LSB  max 

Sppm  max 

D-24A 

AD562SD/BCD 

Binary 

Coded 

Decimal 

-55  C  to 

+125°C 

±l/10LSBmax 

Sppm  max 

D-24A 

AD563JD/BIN 

Binary 

0  to  +70° 

C 

±1/2LSB  max 

SOppm  max 

D-24A 

AD563JD/BCD 

Binary 

Coded 

Decimal 

0  to  -f70° 

C 

±l/2LSBmax 

SOppm  max 

D-24A 

AD563KD/BIN 

Binary 

0  to  +70° 

C 

±1/4 LSB  max 

20ppm  max 

D-24A 

AD563KD/BCD 

Binary 

Coded 

Decimal 

0  to  +70° 

C 

±l/4LSBmax  . 

J20ppm  max 

D-24A 

AD563SD/BIN 

Binary 

-ss^:  to 

+125°C 

±l/4LSBmax 

30ppm  max 

D-24A 

AD563SD/BCD 

Binary 

Coded 

Decimal 

-55°Cto 

+125°C 

±1/4LSB  max 

30ppm  max 

D-24A 

AD563TD/BIN 

Binary 

-55°Cto 

+125°C 

±1/4LSB  max 

lOppm  max 

D-24A 

AD563TP/8CD 

Binary 

Coded 

Decimal 

-55°C  to 

+i25°C 

±l/4LSBHia;!{  _ 

NOTES 

For  details  on  grade  and  package  offerings'  screened  in 
^Analog  Devices  Military  Products  Databook  or  current 
D  =  Ceramic  DIP.  For  outline  information  see  Package 


accordance  with  MIL-STD>883,  refSf  io  the 
/883B  data  sheet.  "  "  '  "  "~ 

Information  section, 
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□ ANALOG  High  Speed  12-Bit 

DEVICES  Monolithic  D/A  Converters 

I  AD565A*/AD566A* 


FEATURES 

Single  Chip  Construction 

Very  High-Speed  Settling  to  1/2LSB  

AD565A:  250ns  max  '- 

AD566A:  350ns  max 
Full-Scale  Switching  Time:  30ns 
Guaranteed  for  Operation  with  ±12V  Supplies:  AD565A 

with  -12V  Supply:  AD566A 
Linearity  Guaranteed  Over  Temperature: 

1/2LSBmax  (K,T  Grades) 
Monotonicity  Guaranteed  Over  Temperature 
Low  Power:  AD566A  =  180mW  max; 

AD565A  =  225mW  max 
Use  with  On-Board  High-Stability  Reference  (AOSiillliM  - 

or  with  External  Reference  (AD566A) 
Low  Cost 

MIL-STD-883-Coinpliant  Versions  Available 

PRODUCT  DESCRIPTION  vi- 

The  AD565A  and  AD566A  are  fast  12-bit  digital-to-analog 
converters  which  incorporate  the  latest  advances  in  analog 
circuit  design  to  achieve  high  speeds  at  low  cost. 

The  AD565A  and  AD566A  use  12  precision,  high-speed 
bipolar  current-steering  switches,  control  amplifier  and  a 
laser-trimmed  thin-film  resistor  network  to  produce  a  very 
fast,  high  accuracy  analog  output  current.  The  AD565A  also 
includes  a  buried  zener  reference  that  features  low-noise, 
long-term  stability  and  temperature  drift  characteristics 
comparable  to  the  best  discrete  reference  diodes. 

The  combination  of  performance  and  flexibility  in  the 
AD565A  and  AD566A  has  resulted  from  major  innovations 
in  circuit  design,  an  important  new  high-speed  bipolar  pro- 
cess, and  continuing  advances  in  laser-wafer-trimming  tech- 
niques (LWT).  The  AD565A  and  AD566A  have  a  10-90% 
full-scale  transition  time  less  than  35ns  and  settle  to  within 
±1/2LSB  in  250ns  max  (350ns  for  AD566A).  Both  are 
laser-trimmed  at  the  wafer  level  to  ±1/8LSB  typical  linearity 
and  are  specified  to  ±1/4LSB  max  error  (K  and  T  grades)  at 
+25  C.  High  speed  and  accuracy  make  the  AD565A  and 
AD566A  the  ideal  choice  for  high-speed  display  drivers  as 
well  as  fast  analog-to-digital  converters. 

The  laser  trimming  process  which  provides  the  excellent 
linearity  is  also  used  to  trim  both  the  absolute  value  and  the 
tempertture  coefficient  of  the  reference  of  the  AD565A  re- 
sulting in  a  typical  full-scale  gain  TC  of  10  ppm/°C.  When 
tighter  TC  performance  is  required  or  when  a  system  refer- 
ence is  availabte,-the-AD566A  may  be  used  with  an  external 
reference. 

•Coveredby  Patent  Nai.1  3,803,590)  RE28,633|  4,213,806| 
4,13&#49,  4i(l3e044«>i  3v^7,088. 
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AD565A  FUNCTIONAL  BLOCK  DIAGRAM 


REF  OUT  Vcc  BIPOLAR  OFF  ' 


-Vee        power  MSB 


AD566A  FUNCTIONAL  BLOCK  DIAGRAM 


BIPOLAR  OFF 


-  Vee        power  MSB  *-  LSB 


AD565A  and  AD566A  are  available  in  four  performance 
grades.  The  J  and  K  are  specified  for  use  over  the  0  to 
+70  C  temperature  range  while  the  S  and  T  grades  are 
specified  for  the  -55°C  to  +125°C  range.  All  are  packaged 
in  a  24-pin,  hermetically  sealed,  ceramic,  dual-in-line  parage. 

PRODUCT  HIGHLIGHTS 

1.  The  wide  output  compliance  range  of  the  AD565A  and 
AD566A  are  ideally  suited  for  fast,  low  noise,  accurate 
voltage  output  configurations  without  an  output  amplifier. 

2.  The  devices  incorporate  a  newly  developed,  fully  differen- 
tial, nonsaturating  precision  current  switching  cell  structure 
which  combines  the  dc  accuracy  and  stability  first  developed 
in  the  AD562/3  with  very  fast  switching  times  and  an  opti- 
mally-damped settling  characteristic. 

3.  The  devices  also  contain  SiCr  thin  film  application  resistors 
which  can  be  used  with  an  external  op  amp  to  provide  a 
precision  voltage  output  or  as  input  resistors  for  a  succes- 
sive approximation  A/D  converter.  The  resistors  are 
matched  to  the  internal  ladder  network  to  guarantee  a-low 
gain  temperature  coefficient  and  are  laser-trimmed  for 
minimum  full-scale  and  bipolar  offset  errors. 

4.  The  AD565A  and  AD566A  are  available  in  versions  com- 
pliant with  MIL-STD-883.  Refer  to  the  Analog  Devices 
Military  Products  Databook  or  current  /883;Bidkta  sheet 
for  detailed  specifications. 
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MSiM^ECIFICATIONS  (Tji  =  +25°C,  Vcc  =  +1SV,  Vee  =  -15V,  unless  otherwise  specified.) 


MOBBl-   '  -  -       *                     MTN  '  •■•  '■ 

MAX 

MIN 

AD565AK 
TYP 

MAX 

UNITS 

DATA  INPUTS'  (Pins  13  to  24) 

TTL  or  5  Volt  CMOS 

Input  Voltage 
'        Bit  ON  Logic  "1"  +2.0 

+5.5 

fit* — 

■l#«-0'  

 *  

Bit  OFF  Logic  "O" 

+0.8 

+0.8 

V 

Logic  Current  (each  bit) 

Bit  ON  Logic  "1" 

+120 

+300 

♦  120 

+300 

HA 

Bit  OFF  Logic  "0"   

+35 

+100 

+35 

+100 

RESOLUTION 

12 

12 

Bits 

OUTPUT  • 

Current      1     ■  -  '  . 

Uisi^laf  (all  bits  oh)  -1.6 
Bipolar  (all  birs  on  or  off)  ±0.8 

-2.0 
±1.0 

-2.4 
±1.2 

-1.6 
±0.8 

-2.0 
±1.0 

-2.4 
±1.2 

mA 
mA 

Resistance  (exclusive  of  span 

resistors)  6k 

8k 

lOk 

6k 

8k 

10k 

S2 

Offset 

Unipolar 

Bipolar  (Figure  3,  R2  =  SOSl  fixed) 
Capacitance   

0.01 
0.05 
25 

O.OS 
0.15 

0.01 
0.05 
25 

0.05 
0.1 

%  of  F.S.  Range 
%  of  F.S.  Range 
pF 

Compliance  Voltage 

Tmin  to  Tmax  -1.5 

+  10 

+  10 

V 

ACCURACY  (error  relative  to 

full  scale)  +25°C             ,              ,        .  ,  j. 

tv\ 

±1/2 

±1/8 

±1/4 

LSB 

Tmin  tfl  Taiax 

(0.006) 
±1/2 

(0.012) 
±3/4 

(0.003) 
±1/4  :_.-r:,  ■ 

(0.006) 
±1/2 

%  of  F.S.  Range 

LSB        1  t'..I-c..^: 

.(Q.012) 

(0.018) 

(0.006) 

(0.012) 

%  of  F.S..]laimB 

DIFPERINTIAL  NONLINEARITY 

+25°^" 

±1/2 

±5/4 

±1/4 

±1/2 

LSB 

Tmin  to  Tm„                               MONOTONICITY  GUARANTEED 

MONOTONICITY  GUARANTEED 

TEMPERATURE  COEFFICIENTS 

With  Internal  Reference 

Unipolar  Zero 
Bipolar  Zero 
Gain  (Full  Scale) 

1 
5 

15 

2 

10 
50 

1 
5 

10 

2 

10 
20 

ppm/  C 
ppm/  C 
ppm/  C 

Differential  Nonlinearity 

2 

2 

ppm/°C 

SETTLING  TIME  TO  1/2LSB      '                 -  ' 

All  BitsON-to-OFF  orOFF-fB'cm        "  ' 

400 

250 

400 

ns 

FULL  SCALE  TRANSITION 

10%  to  90%  Delay  plus  Rise  Time 

15 

30 

15 

30 

ns 

90%  to  10%  Delay  plus  Fall  Time 

30 

SO 

30 

50 

ns 

TEMPERATURE  RA#«3E   '  ■  "  '  ■ 

-  .  «r.  J '  Hi  ■  .  ■ 

Operati.ng  .             '■'*    jjjr  ^  .'X) 
StpTi^,  ,    ,       ,,  1         •.iri].-,  ,  ..5*?,  ' 

+70- 
+  150 

0 

-65 

+70 
+150 

°C 
°C 

POWER  REQUIREMENTS 

Vcc.          to  +16.5Vdc 

J 

5 

3 

5 

mA 

Vee, -11.4  to -16.5V  dc 

-12 

-18 

-12 

-18 

mA 

POWER  SUPPLY  GAIN  SENSITIVITY' 

Vcc  = +11.4  to +16.5 V  dc 

3 

10 

3 

10 

ppm  of  F.S./% 

Vee  =  -11.4  to  -16.5V  dc 

15 

25 

15 

2S 

ppm  of  F.S./% 

PROGRAMMABLE  OtTTPUT 

RANGE  (sec  Figures  2,  3, 4) 

■.  .I:  -  -  ■• 

.  Ota  vfi.  :  .  --J  ■: 
-5  to  ♦} 

0  to  +5 
-2.5  to  +2.5 
0  to  +10 
-Sto+5 

V 
V 
V 
V 

i'>.ia:,«,*tQ-.. 

-10  to  +10 

V 

EXTERNAL  ADJUSTMENTS  i 
Gain  Error  with  Fixed  50n 

,.  .. 

Resistor  for  R2  (Figure  2) 
Bipolar  Zero  Error  with  Fbtcd 

±0.1 

±0.25 

±0.1 

±0.25 

%  of  F.S.  Range 

son  Resistor  for  Rl  (Figure  3) 
Gain  Adjustment  Range  (Figure  2)  ±0.25 
Bipolar  Zero  Adjustment  Range  +0.15 

±6.05 

±0.15 

±0.25 
±0.15 

±0.05 

±0.1 

%  of  F.S.  Range 
%  of  F.S.  Range 
%  of  F.S.  Range 

REFERENCE  INPUT 

Input  Impedance  15k 

20k 

25k 

15k 

20k 

25k 

n 

REFERENCE  OlMiBT  .. 

Voltage                                    9,90  .^^ 
Current  (avaMk  for  extenuii 

loa^)'  l.S 

■2.S 

10.10 

9.90 

ICS' 

10.00 
2:5 

10.10 

V 

.  ...d.. 

POWER  DISSIPATION 

225 

345 

225 

345 

1  mW 

NOTES  ■  For  opentton  «t  elevated  tempciatum  the  leferenoe  cannot  Eupp^  cuncnt  for 

'The  digital  inputs  ai«  guaranteed  but  not  tested  over  the  operating  temperature  raiige.  external  loads.  It,  therefore,  Aonid  be  buKeicd  if  additional  loMharc  t^beauppUcd. 
■Thepower«ippIr*dBitliil^llp't»l|^diateCneacetoaVc^  V«E<^  ^cHie«hi)»>^elnBi  chuige  MdiautiHMjei. 
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AD565A/ftl^66A 


MODEL 

AD56SAS 
MIN               TYP  MAX 

AD565AT 
MIN              TYP  MAX 

UNITS 

DATA  INPUTS'  (Pins  13  to  24) 
TTL  or  5  Volt  CMOS 

Input  Voltage  1 

Bit  ON  Logic  "1"             '      i+2.0  '  '  +5.5 
Bit  OH-  Logic  "0"  +0.8 
Logic  Current  (each  bit) 

Bit  ON  Lugic  "l  "                                       ♦120  +300 
Bit  Ol  I-  1  ..gn  "(I  '                                             ..i?  +100 

+2.0  +5.5 
+0.8 

+300 

.15  *100 

V 

V 

pA 

RESOLUTION 

12 

12 

Bits 

OUTPUT 
Current 

Unipolar  (all  bits  on)               -1.6              -2.0  -2.4 
BipoUr  (all  bits  on  or  ofD         ±0.«              +1.0  ±1.2 

Resistance  (exclusive  of  span  ' 

resistors)                               6k                8k  lUk 

Offset 

Unipolar                                                  0.01  0.05 
Bipolar  (Figure  3,  R2  =  500  fixed)                "  "'jo  1 

Capacitance  25 

Compliance  Voltage  1 

Tmi,  10  T„„                          £-1,5  ^„  .  +10 

-1.6             -2.0  -2.4 
±0.8             ±1.0  ±1.2 

6k                8k  10k 

•'                0.01  0.05 

O.OS  0.1 
"  23. 

-1^5  +10 

mA 

mA      'u-,c  >t'  i-.l           .ii  ii 

n 

«of  FS.  Ral^  i  ■ 
%of  F.SV»«^  -    .  .  i.s 
pF 

V 

ACCURACY  (error  relative  to  - 
full  scale)  +25°C  ^-^^ 

r  ■-  "»  I,.  • 

Tmin  to  T(na;( 

±1/4  ±1/2 
(0.006)  (0.012) 
±1/2  ±3/4 
(Q.aiZ)  (0.018) 

±1/8  ±1/4 
,  ,ifl.003)  (0.006) 
u           ~±I/4  ±1/2 

:  (0.006)  (0.012) 

LSB                 ■      -  . 
%  of  F.S.  Range 
LSB 

%  of  F.S.  Range 

DIFFERENTIAL  NONLlNEARiTY 
+  25°C 

Tmin  to  Tmax 

±1/2  ±3/4 
MONOTONICITY  GUARANTEED 

±1/4  ±1/2 
MONOTONICITY  GUAftANTEED 

LSB 

TEMPERATURE  COEFFICIENTS 
With  Internal  Reference 
Unipolar  Zero 
Bipolar  Zero 

CUun  (Full  Scale)           '  . 
Differential  Nonlinearity 

1  2 
5  10 
IS  30 

2 

1  2 
5  10 

-  __«).:  -  -  15 
2 

ppm/'C 
ppm/  C 
ppm/'C 
ppm/  C 

SETTLING  TIME  TO  1/2LSB 

All  Bits  ON-to  OFF  or  OFF-to-ON 

250  400 

250  400 

ns 

FULL  SCALE  TRANSITION 

10%  to  90%  Delay  plus  Rise  Time 
90%  to  10%  DeUy  plus  FaU  Time 

-IS—    •  30 
_           30  SO 

15  30 
3P,  50 

ns 
ns 

TEMPERATURE  RANGE              '  " 

Operating                                 |-S5  +125 
Storage                                 — }-«S  -    +150 

-55  +12$ 
_65    -        .       .    +1S0- 

 rrr^.:-,.-..     ■ .: 

POWER  REQUIREMENTS 
Vcc.  +11.4  to +16.5  Vde 
Vee, -11.4  to -16.5V  dc 

3  5 
-12  -18 

-•    3»  5 
-12  -18 

mA 
mA 

POWER  SUPPLY  GAIN  SENSITIVITY' 

,-.r  , 

ppm  of  F.S./% 
ppm  of  F.S./% 

vcc  =+!*•*  ro +ro. J V  ac 
Vee  =  -11.4  to -16.5V  dc 

-  - 

IS  25 

—  ■ — 3    to 

IS  2S 

PROGRAMMABLE  OUTPUT 
RANGES  (KC  Figures  2,  3, 4) 

Oto+5 
-2.5  to +2.5 
0  to  +10 
.  -5  to +5 

0  to  +5 
-2.5  to  +2.5 
0  to  +10 
-5  to  +5 

V 

V 
V 

-10  to +10 

-10  to  +10 

V 

EXTERNAL  ADJUSTMENTS   

Gain  Error  with  Fixed  50£2  . 

Resistor  for  R2  (Figure  2)                '           ±0.1  ±0.25 
Bipolar  Zero  Error  with  Fixed 

son  Resistor  for  RKFigulc  3)                        +0.05  ±0.15 
Gain  Adjustment  Range  (Figure  2)  10.25      :  . 
Bipolar  Zero  Adjustment  Range  ±0.15 

±0.1  ±0.25 
±0.05  ±0.1 

±0.25 
±0.15 

%  of  F.S.  Range 

%  of  F.S.  Range 
%of  F.S.  Range 
%  of  F^.  Range              .  > 

REFERENCE  INPUT 
Input  Impedance 

ISk               20k  25k 

ISk               20k  2Sk 

  ' — '  m  

 •     ^  ^  -  ^  - 

REFERENCE  OUTPUT 

Voltage 

Current  (available  for  external 

loads)^ 

9.90              10.00  10,10 
1.5  2.5 

9.90              10.00            10.10  < 
1.S                2.5   — 

V  ■!.,,,-,,  i,- 

mA  7 

POWER  DISSIPATION 

225  345 

'225  345 

mW 

Specifications  shown  in  boldface  are  tested  on  all  production  units  at 
finftl  electrical  test.  Results  from  dioae  tests  are  used  to  calculate  out- 
going quality  levels.  All  min  and  max  specifications  aic  guaranteed, 
i^tfaougli  only  tboie  dioim  in  Ixddface  ite  ceslcd  on  all  production 


REV.A 


VHGITALn-m^NALOG  CONVERTERS  S^6S 


DATA  INPUTS'  (Pmsl3tD24} 

TTL  or  5  Volt  CMOS 

Input  Voltage 

Bit  ON  Logic  "1" 
Bit  OFF  L(^ic  "0" 

+2.P 
0 

+5.5 

+2.0 

Q 

+5.5 
+0.8 

V 

Lo^  OmCDt  (eadi  tat) 
Bit  ON  Logic  "1" 
Bit  OFF  Lc^  "0" 

+120 

*3i 

+100 

+35 

+100 

OA  '"" 
CA 

RESOLUTION 

12  - 

12 

Bit* 

OUTPUT 

Current 

Unqtolar  (lU  bits  on) 

Bqwlw  (an  bits  imor  aR)  ''•^ 
Rerispmce  (caadttitoB  afapm  Atr 

reasbjrs) 

-IJS 
±0^8 

.  1 
6k 

-2.0 

±i:o 

tk 

-2.4 
±1.2 

10k 

-1.6 
±0.* 

6k 

-2.0 
±1.0 

Sk 

-2.4 
±1.2 

10k 

mA 

mA 

a 

Ofbet 

Unipolar  (adjustable  to 
zero  per  Figure  3) 

QM 

0.05 
0.15 

0.0 1 

0.05 

%  of  F.S.R. 

^  ui  r  ^lynij 

Capacitance 

Compliance  Voltage  | 

TmjQ  to  Tjn^      _        _  ^  

25 



+£ei 

-1.5 

25 

+  10 

pF 
V 

ACCURACY  (error  fdlt^  1»> 
tnu  sme>  +Z9  £         ^  . 

±1/2 

±1/8 

±1/4 

LSB 

'  (6.1906) 

(0J)12) 
±3/4 

(0.003) 
±1/4 

(0.006) 
±1/2 

%  of  F.S.R. 
LSB 

■  (0.012) 

«MIU) 

(0JI12) 

%  of  F.S.R. 

DIFFERENTIAL  NONLINEARITY 

+2S°C 

tl/2 

±3/4 

±1/4 

±1/2 

LSB 

Tmin  toT™^ 

MQMC^p9i||CITY  GUAHANTEED 

MONOTONICmr  GlMiKAMTESD  - 

TEMPERATURE  COEFFICIENTS 

Unipolar  Zero 
Bipolar  Zero 
Gain  (Full  Scale) 
Differential  Nonlinearity 

5 
7 
2 

2 

10 
10 

1 
S 
3 
2 

2 

10 

5 

ppm/  C 
ppm/  C 
ppm/*  C 
ppm/*C 

SETTLING  TIME  TO  1/2LSB 

All  Bits  ON-toOFF  or  OFF-toON  (F^ie  8) 

~  250 

-350    -  - 

258  

350^  - 

FULL  SCALE  TRANSITION 

10%  to  90%  Delay  phis  Rise  Time 
90%  to  10%  Delay  plus  Fall  Time 

IS 

30 

15 
30 

30 
50 

30 

50 

ns 

POWER  REQUIREMENTS 
Vee>  -11-4  to  -16.5V  dc 

-U 

.-12  - 

-18 

mA 

POWER  SUPPLY  GAIN  SENSITIVITY^ 

Vee  =  -11  4  to -16  5V  dc 

15 

25 

15 

25 

ppm  or  r 

PROGRAMMABLE  OUTPUT 

RANGE  (see  F^tuei  |,  4^  S) 

Oto+5 
-2.5  to  ♦2.5 

0  to  +5 
-2.5  to  +2.5 

V 
V 

0  CO  +10 
-5  to +5 

0  to  +10 
-5  to  +5 

V 

-10  to  +10 

-10  to  +10 

V 

EXTERNAL  ADJ  USTMENTS 
Gftin  Error  with  Fixed  S0S2 

:i 

Rector  for  R2  (Figure  i) 
Bipolar  Zero  Error  with  Fixed 

±0.1 

±0.25 

±0.1 

±0.25 

%  of  F.S.R. 

son  Resistor  for  Rl  (Figure  4) 
Gain  Adjustment  Range  (F^re  3) 
Bipolar  Zero  Adjustment  Range 

±0.25 
±0.15 

±0.05 

±0.15 

±0.25 
±0.15 

±0.05 

±0.1 

%  of  F.S.R. 
%  of  F.S.R. 
%  of  F.S.R. 

REFERENCE  INPUT 

ISk 

input  btipedance 

2ak 

2Sk 

15k 

2ak 

25k 

R 

POWER  DISSIPATION 

180 

300 

180 

300 

mW 

MULTIPLYING  MODE  PERFORMANCE  (AU  ModdS)' 

Reference  Voltage 

Accuracy 

Reference  Fecdthrough  (unipolar  mode, 

all  bits  OFF,  and  I  to  -<-10V  Ip-p),  sinewave 
frequency  for  1/2LSB  |p-p|  teedthrough) 

Output  Stew  Rate    10%-90%  ^  1 

90%- 10% 

Output  Settlii^  Time  (all  bits  on  and  a  0-lOV  ■ 
step  change  in  reference  voltage) 


Two  (2):  Bipolar  Operation  at  D^ital  Inpnt  Only 
'  +1V  to  +10V.  Unqiolar 
10  Bits  (±0.05%  of  Rcdncied  F.S.)  for  IV  dc  Reference  Voltage 


40k  Hi  typ 
5mA/>i5 


l.Sfis  to  0.01%  F.S. 


CONTROL  AMPLIFIER 
Full  Power  Bandwidth 
Small-S^nal  Closed-Loop  Bandwidth 


300kHz 
1.8MHz 


NOTES 

'The  diptal  input  levels  arc  piaranteed  but  not  lested  over  the  temperature  range. 
■The  power  supply  gain  sensitivity  is  teste<J  in  reference  to  ■  VgE  of  -15V  dc 

Specifications  subject  to  change  without  notice. 
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TTL  or  5  Volt  CMOS 
Input  Voltage 

Rit-  flKl  1  naip  "1  '*  n 
Die  \^S%  idOgl^      1  "TAcU 

Bit  OFF  Logic  "0"  0 
Logic  Current  (each  bit) 
Bit  ON  Logic  "I" 
Bit  OFF  Logic  "O" 

♦  120 

♦  35 

+5.5 

♦0.8 

+300 
+100 

0 

"1 

♦  120 

♦  35 

♦0.8 

♦  300 

♦  100 

V 
V 

(JA 

(JA 

RESOLUTION 

12 

12 

Bits 

OUTPUT 
Current 

Unipolar  (all  bits  on) 

Bipolar  (all  bits  on  or  of^.  ±0.8 
Resistance  (exclusive  of 

resistors)                                    3:  6k 

Offset  Vnr'OOj 

Unqidar  (adjnst^le  to 

zero  per  Figure  3) 
B^)oLftr  (Figure  4  R|  and 
R2  «  50(2  fixed) 
Capacitance 
Compliance  Voltage 

TiDBiWTnux       '                .  y  .,    .  "V-^ 

-2.0 
±1,0 

Sk 

0.01 

0.09 
25 

-2.4 
±1.2 

10k 

0.05 
0.15 

♦  10 

-1.6 
±0.8 

6k 

-1.5 

-2.0 
±1.0 

8k 

0.01 

0.05 
25 

-2.4 

±1.2 

10k 

OM 

0.1 

♦  10 

mA 
mA 

a 

%of  F5.R. 

«  of  F.S.R 

PP 

V 

fuUscmk)  tZS'C            ,'  ' 

±1/4 
(0.006) 
±1/2 
(0.012) 

±1/2 
(0.012) 
±3/4 
(0.018) 

±1/8 
(0.003) 
±1/4 
(0.006) 

±1/4 
(0.006) 
±1/2 
(0.012) 

LSB 

%  of  F.S.R. 
LSB 

%ofF.SJl,. 

DIFFERENTIAL  NONLINEARITY 

+25°C                                                                         ±1/2  ±3/4 
Tmii  lo  Tmu                                                MONOTONICITY  GUARANTEED 

±1/4  ±1/2 
MONOTONICITY  GUARANTEED 

TEMPERATURE  COEFFICIENTS 

Unipolar  Zero 
Bipolar  Zero 
Gain  (Full  Scale) 
Differential  Nonlineahly 

1 
5 
7 
2 

2 

10 
10 

1 
5 
3 
2 

2  '"' 

10 

5 

ppm/*C 
ppm/  C 
ppm/  C 
ppm/*  C 

SETTLING  TIME  TO  1/2LSB 

All  Sits  On-to-OFF  or  OFF-to-ON  (Figure  8) 

250 

350 

250 

350 

ns 

FULL  SCALE  TRANSITION 

lOK  to  90%  Delay  plus  Rise  Time 
90%  to  lOK  Dday  plus  Fill  Time 

15 
.  30 

30 
SO 

...  ^^i  : 

IS 
30 

30 
SO 

1*4^  Vtn 

ns 

POWER  REQUIREMENTS 
Vee. -11-4  to -16.5V  dc 

-12 

-It 

-12 

-18 

mA 

POWER  SUPPLY  GAIN  SENSITIVITY' 
VEE  =  -11.4to-16.SVdc 

IS 

29 

15 

2S 

ppm  of  F.S./% 

PROGRAMMABLE  OUTPUT.  . 
RANGE  (M  Figuia  3,  4,  S) 

0  ro  +S 

-2.5  to  *2.5 
0  to  +10 
-5  to  ♦5 
-10to*10 

Olo+S 
-2.5  to  +2.5 
Oto+10 
■     L.'-j'.    -5  to +5 
■~ -10  to +10 

V 
V 
V 
V 

EXTERNAL  ADJUSTMENTS 
Gun  Error  with  Fixed  5on 

Rcsinor  R2  (Figure  3) 
Bipolar  Zero  Error  with  Fixed 

50n  Resistor  for  R 1  (Figure  4) 
Gain  Adjustment  Range  (Figure  3)  ±0.25 
Bipolar  Zero  Adjustment  Range  ^-^5. 

±0.1 
±0.05 

±0.25 
±0.15 

±0.25 
±0.15 

±0.1 
±0.05 

±0.25 
±0.1 

%  of  F.S.R. 

%  of  F.S.R. 
%  of  FSA. 
%  of  P.S  Jl. 

REFERENCE  INPUT 

Input  Impedance  iSk 

20k 

25k 

iSk 

2pk 

25k 

SI 

POWER  DISSIPATION 

180 

300 

180 

300 

mW 

MULTIPLYING  MODE  PERFORMANCE  (All  Models) 
Quadrants 

Reference  Voltage 
Accuracy 

Reference  Fecdthrough  (unipolar  mode, 

all  bits  OFF,  and  1  to  +10V  (p-pl ,  sinewave 
frequency  for  1/2LSB  (p-pj  fecdthrough) 

Output  Slew  Rate  10%-90% 
90%-10% 

Output  Settling  Time  (all  bits  on  and  a  0—1 OV 

step  change  in  reference  volttge)     ,^  ^ 


Two  (2):  Bipt^ir  Operation  at  Digital  Input  Only 
+  lVto+10V,  Unipolar 

10  Bits  (±a05%  of  Rednoed  F.S.)  for  IV  dc  Reference  Voltage 


40kHz  typ 

SmA/;is 

ImA/fis 


1.5/is  to  0.01%  F.5j 


CONTROL  AMPLIFIER 
Full  Power  Bandwidth 
Smail-S^pial  Closed-Loop  B^d<rtdth 


300kHz 
LSMHz 


SpccificuioRs 
final  electrical 
miof  quality 


shown  in  boldface  are  test 
test.  Rcaulti  fnm  tfaoae  n 
AH  min  aod  max  spt 


J  on  all  production  units  at  althou^  only  diose  shown 
ttsRuMdtocakutateoui-  uniii. 


in  boldface  are  tested  on  alt  production 
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DIGITAL-TO-ANALOG  CONVERTERS  2-67 


AD565A/AD566A 


ABSOLUTE  MAXIMUM  RATINGS 


Voc  to  Power  Ground  ...  J  OV  to  +  18V 

Vee  to  Power  Ground  (AD565A)  OV  to  -  18V 

Voltage  on  DAC  Output  (Pin  9)    ;  -3V  »  +  12V 

Digital  Inputs  (Pins  13  to  24)  to 

Power  Ground    -1.0Vto+7.0V 

Ref  in  to  Reference  Ground  .       .  .  ±12V 

Bipolar  Offset  to  Reference  Ground  .     .  ^-.t.  »  .  .  .   ±  12V 

lOV  Span  R  to  Reference  Ground  ±  12V 

20V  Span  R  to  Reference  Ground  ±  24V 

Ref  out  (AD565A)   Indefinite  Shon  to  Power  Ground 

Momenlaiy  Short  to  Vcc 
Power  Dissipation  lOOOmW 


PIN  DESIGNATIONS 


NO  [V 

NC  [T 

Vcc  [±_ 

REFOUT(+10Vi1%l  fT" 
reference  gnd 

reference  in  [t 

-Vee  |T 

bipolar  offset  in  ft 

DAC  OUT  t-2niA  F.S.)  [T 

lOV  SPAN  R  [l£ 

20V  SPAN  R  Q7 
POWER  GND 


 ^  

>  PIN  1 

IDENTIFIER 


AD565A 

TOP  VIEW 
(Not  to  Scale) 


BIT  1  IN  (MSB) 

NC 

1] 

BIT  2  IN 

NC 

BIT  3  IN 

REFERENCE  GND 

IT] 

BIT  4  IN 

AMPSMMMING 
JUNCTION 

u 

BIT  5  IN 

REFERENCE  V  HI  IN 

BITS  IN  

-Vee  -15V  IN 
(20niAI 

BIPOLAR  OFFSET  R  IN 

BIT  7  #  j 

BITS  IN 

NC 

BIT  9  IN 

OAeOUTt-2iiiA  F.S.I 
10V8PANR 

BIT  10  IN  { 

m 

BIT  11  IN 

20V  SPAN  R 

BIT  12  INltSBl 

POWER  CNO 

K 
E 
[I 
E 
CI 
E 
E 
E 


E 


— <j — 

•  PIN  1 

IDENTIFIER 


AD566A 

TOP  VIEW 
(Not  to  Scalol 


IT]  BIT  1  IN  (MSB) 
"a]  BIT  2  IN 

22]  BIT  3  IN 
£l]  BIT  4  IN 

20]  BIT  5  IN 
jT]  BITS  IN 
"iTI  BIT  7  IN 
"iT]  BITS  IN 
Is]  BITS  IN 
ITI  BIT  10  IN 
]4]bIT11  in 
"iT]  BIT  12  IN  (LSB) 


ADS6SA  ORDEKING-  GUIDE 


LfaKarity 

1 

Ma^GainT.C. 

TenqieratiiTe 

Error  Max 

Package 

Model' 

(ppmofF.S./°C) 

@  +25''C 

Option^ 

AD565AJD 

50   

rftO't-70'G  ' 

±  1/2LSB 

Ceramic  (D-24) 

AD565AKD 

20 

0to+70°C 

±1/4LSB 

Ceramic  (D-24) 

AD565ASD 

30 

-55°Cto  +  12S°C 

±1/2LSB 

Ceramic  (D-24) 

ADSeSAip 

15  . 

-S5!C^+12S'C 

+  1/4LSB 

Getamic(D-24) 

NOTES 

'FndetiUsrai^ade  and  packageofiferiiigs  screened  inacouxlaiice  with  MIL-STD-883,^ 
Devices  Military  Products  Datebook  or  current  /883B  data  sheet. 
iDt^-jCeEUl^DIF.  FjQt.(H]tlu)e.information  see  Package  Information  section. 

  -  AD566A  ORDERING  GUIDE 


Linearity 

Max  Gain  T.C. 

Tanpcfatuie 

Error  Max 

Package 

Model* 

(li|nnorF.S./°C) 

Range 

@-l-25X 

Option^ 

ADS66AJD 

10 

Oto-t-TO-C 

+  1/2LSB 

Ceramic  (D-24) 

AD566AKD 

3 

0to-l-70°C 

±  1/4LSB 

Ceramic  (D-24) 

ADS66ASD 

10 

-55°Cto-H25°C 

+  1/2LSB 

Ceramic  (D-24) 

AD5«6ATD 

3 

-55°Cto  +  125°C 

+  1/4LSB 

Ceramic  (IV24) 

NOTES 

'For  details  on  grade  and  package  offmngs  screen^  in  accordance  vnlh  MIL-STD-883,  refer  to  tlw  Axulog 
^^^t^BrasdS^m^.l^^tline  i^onnad^  see  Package  Information  section. 


REV,A 


GROUNDING  RULES  "  '  ' 

The  ABSSSA  alid  AD56<iA  brifig  out  sepafite  referelioetnd  ■ 
powfe^  giWiiids  to  allow  bptimuih  cotinectioiis  f or  loW  tioise 
and  high-speed  perfonnance.  These  grounds  should  be>tied  '  i 
together  at  one  point,  usually  the  device  power  ground.  The 
separate  ground  returns  are  provided  to  minimize  current 
flow  in  low-level  signal  paths.  In  this  way,  logic  return 
currents  are  not  sununed  into  the  same  return  path  with 

CONNECTIgiMlliWIWSSA  FOlPilOTFERED  VOETAGE 
OUTPUT 

The  sta»dard  current-to-voltage  conversion  connections  using 
mi  operational  amplifier  are  shown  here  with  the  preferred  trim- 
ming techniques.  If  alow  offset  operational  ampUfier  (ADS  lOL, 
AD517L,  AD741L,  AD301AL,  AD  OP-07)  is  used,  excellent 
performance  can  be  obtained  in  many  situations  without  trim- 
ming (an  op  amp  with  less  than  O.SmV  max  offset  voltage 
^ould  be  used  to  keep  offset  errors  below  1/2LSB).  If  a  SOn 
fixed  resistor  is  substituted  for  the  iOOSl  trimmer,  unipolar 
zero  will  typically  be  within  ±1/2LSB  (plus  op  amp  offset), 
and  full  scale  accuracy  will  be  within  0.1%  (0.25%  max). 
Substituting  a  500  resistor  for  the  lOOO  bipolar  offset  trim- 
mer  will  give  a  bipolar  zero  error  typically  vrithin  ±2i;Srf 
(0.05%). 

The  AD509  is  recommended  for  buffered  voltage-output  appM- 
cations  which  require  a  settling  time  to  ±1/2LSB  of  onetoicro- 
second.  The  feedback  capacitor  is  shown  with  the  Optimum 
value  for  each  application  i  this  c^paqitor  is  required  tp  compen- 
sate fo^  die  is  ^iofataii'EiA'fc  biit^ttt  <fa|ilciiaffce;'~  ' 

FIGURE  1.  UNIPOLAR  CONFIGURATION 

This  configuration  will  provide  a  unipolar  0  to  +10  volt  output 
range.  In  this  mode,  the  bipolar  terminal,  pin  8,  should  be 
grounded  if  not  used  for  trimmil^.: 

STEP  I .  . .  ZERO  ADJUST 

Tijrn  all  bits  OFF  and  adjust  zero  trimmer  Rl,  until  the  out- 
put reads  0.000  volts  (ILSB  =  2.44mV;).  Ih  most  cases  this  trim 
is  not  needed,  but  pin  8  should  then  be  connected  to  pin  12. 

STEP  n  .  .  .  GAIN  ADJUST 

Turn  all  bits  ON  and  adjust  100f2  gain  trimmer  R2,  until  the 
output  is  9.9976  volts.  (Full  scale  is  adjusted  to  ILSB  less  than 
nominal  full  scale  of  10.000  volts.)  If  a  10.2375V  full  scale  is 
desired  (exactly  2.5mV/bit),  insert  a  120O  resistor  in  series 
with  the  gain  resistor  at  pin  10  to  the  op  amp  output. 

FIGURE  2.  BIPOLAR  CONFIGURATION 

This  configuration  will  provide  a  bipolar  output  volt^e  from 

-5.000  to  ■^4.9976  volts,  with  positive  fuHTcale' occurring  Wth 

all  bits  ON  (all  I's). 

STEP  I  .  .  .  OFFSET  ADJUST 

Turn  OFF  all  bits.  Adjust  lOOO  trunmer  Rl  to  give  -5.000 
volts  output. 

STEP  II . . .  GAIN  ADJUST 

Turn  ON  All  bits.  Adjust  100J2  gain  trimmer  R2  to  give  a 
reading  of  +4.9976  volts. 

Please  note  that  it  is  not  necessary  to  trim  the  op  amp  to  ob- 
eun  full  accuracy  at.tooni  temperature.  In  most  t(i|iolar  situa- 
tions, an  Op  amp  trUi.is  anhetxstucy  unless  the  latltrimmed  off- 
set drift  of  the  op  amp  is  excessiVe.  '  ■ 


Applying  the  AD565A/AD566A 

FIGURE  3.  OTHER  VOLTAGE  RANGES  '  ' 

The  AD565A  can  also  be  easily  configured  for  a  unipolar  0  to 
+5  volt  range  or  ±2.5  volt  and  ±10  vOlt  bipolar  ranges  by  using 
the  additional  5k  application  resistor  provided  at  the  20  volt 
span  R  terminal,  pin  11.  For  a  5  volt  span  (0  to  +5  or  ±2.5), 
the  two  5k  resistors  are  used  in  parallel  by  shorting  pin  11  to 
pin  9  and  connecting  pin  10  to  the  op  amp  output  and  the 
bipolar  offset  either  to  ground  for  unipolar  or  to  REF  OUT 
for  the  bipolar  range.  For  the  ±10  volt  range  (20  volt  span) 
use  the  5k  resistors  in  series  by  connecting  only  pin  11  to  the 
op  amp  output  and  the  bipolar  offset  connected  as  shown. 
The±10  v«>lPt^ti<Jh  is-Sh#W&E^fe3r-  -     ,  .     i  . 

;t'ri,'nO"i  >dl  ■■<!>  J- j-iT'  '.'.T  ■  :  ■       ■   r  .  t  .ti 


Figure  1.  0  to  +10V  Unipolar  Voltage  Output 

,  OL  , 


REF  OUT  Vcc 


Figure  2.  ±5V  Bipolar  Voltage  Output 
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CONNECTING  THE  ADS66A  FOR  BUFFERED  VOLTAGE 
OUTPUT 

The  standard  current-to-voltage  conversion  connections  using 
an  operational  amplifier  are  shown  here  with  the  preferred 
trimming  techniques.  If  a  low  offset  operational  amplifier 
(AD510L,  AD517L,  AD741L,  AD301AL,  AD  OP-07)  is  used, 
excellent  performance  can  be  obtained  in  noany  situations 
without  trimming  (an  op  amp  with  less  than  O.SmV  max  off- 
set voltage  should  be  used  to  keep  offset  errors  below  1/2LSB). 
If  a  son  fixed  resistor  is  substituted  for  the  lOOJJ  trimmer, 
unipolar  zero  will  typically  be  within  ±1/2LSB  (plus  op  amp 
offset),  and  full  scale  accuracy  will  be  within  C).l%  (0.25%    .  y 
max).  Substituting  a  SOn  resistor  for  the  lOOSl  bipolar  off- 
set trimmer  will  give  a  bipolar  zero  error  typically  within 
±2LSB  (0.05%). 

The  AD509  is  recommended  for  buffered  voltage-output  ap- 
plications which  require  a  settling  time  to  ±1/2LSB  of  one 
microsecond.  The  feedback  capacitor  is  shown  with  the  op- 
timum value  for  each  application;  this  capacitor  is  required  to 
compensate  for  the  25  picofarad  DAC  output  capacitance. 

FIGURE  4.  UNIPOLAR  CONFIGURATION 
This  configuration  will  provide  a  unipolar  0  to  +10  volt  output 
range.  In  this  mode,  the  bipolar  terminal,  pin  7,  should  be 
grounded  if  not  used  for  triiririin^."  -J^. 

STEP  1  ...  ZERO  ADJUST  '  '  , 

Turn  all  bits  OFF  and  adjust  zero  trimmer,  Rl,  until  the  output 
reads  0.000  volts  (ILSB  =  2.44m V).  In  most  cases  this  trim 
is  not  needed,  but  pin  7  should  then  be  connected  to  pin  12. 
STEP  II  .  .  .  GAIN  ADJUST 

Turn  all  bits  ON  and  adjust  lOOH  gain  trimmer,  R2,  until  the 
output  is  9.9976  volts.  (Full  scale  is  adjusted  to  ILSB  less  than 
nominal  full  scale  of  10.000  volts.)  If  a  10.2375V  full  scale  is 
desired  (exactly  2.5mV/bit),  insert  a  120Q,  resistor  in  series 
with  the  gain  resistor  at  pin  10  to  the  op  amp  output. 

FIGURE  5.  BIPOLAR  CONFIGURATION 
This  configuration  will  provide  a  bipolar  output  voltage  from 
-5.000  to  -1-4.9976  volts,  with  positive  full  scale  occurring  with 
all  bits  ON  (all  I's). 

STEP  I . . .  Offset  adjust 

Turn  OFF  all  bits.  Mjm  iOfiS  tttomat  Jll  to  give  -5.000 
output  volts. 

STEP  II  .  .  .  GAIN  ADJUST 

Turn  ON  all  bits.  Adjust  lOOil  gain  trimmer  R2  to  give  a 
reading  of  ■t-4.9976  volts. 

Please  note  that  it  is  not  necessary  to  trim  the  op  amp  to  ob- 
ain  full  accuracy  at  room  temperature.  In  most  bipolar  situa- 
tions, an  op  ainp  trim  is  unnecessary  unless  the  untrimmed  off- 
set drift  of  the  bp  amp  is  excessive. 

FlGUBiE  6.  OTHER  VOLTAGE  RANGES 
The  AD566A  can  also  be  easily  configured  for  a  unipolar  0  to 
■*$  volt  range  or  ±2.5  volt  and  ±10  volt  bipolar  ranges  by  using 
the  additional  5k  application  resistor  provided  at  the  20  vqlt 
SpsLn  Rtranijia^,  pin  11.  For  a  5  volt  span  (0  to  -fSY  or  ±2.iV), 
die  two  5k  res&tors  anrwed  in  parallel  by  shortbi^in-ll'to 
pin  9  and  connecting  pin  10  to  the  op  anip  output  and  the  bi- 
polar offset  resistor  either  to  ground  for  unipolar  oi-to  Vrkf 


for  the  bipolar  range.  For  the  ±10  volt  range(20  volt  span)  use 
the  Sk  resistors  in  series  by  connecting  only  pin  11  to  the  op 
amp  output  and  the  bipolar^offset  connected  as  shown.  The 
±10  volt  option  is  !ih«)«fnin;.Figure  6.  .  ^1  ■.  ■ 

DIGITAL  iNPUf       '  ANALOG  OOtPtJT        '  '    '       ■  ' 


MSB 


LSB      Straight  Binkry        Offset  BiiiAry  Two's  Compi.* 


000000000000       Zero  -Full  S^IC^  *^''       '    l&rb  * 

0111  11  II  1111  Mid  Scale -ILSB  Zero .8''-?^?S'~ilt*B'-" 
100000000000      +1/2FS  Zero  -FS 

ll:dlft11jl  ti>U  ..r  (■i.I!«*i|fJaS#P('  Zero -ILSB 

'Invert  the  MSB  of  the  offset  binary  code  with  an  external 
inverter  to  obtftin  two's  complement. 


Table  I.  Digital  Input  Codes 


locn  lookn 


Figure  6.  ±  10V  Voltage  Output 
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AD568 


FEATURES 

Ultrahigh  Speed:  Current  Setthng  to  1LSB  in  35ns 
High  Stability  Buried  Zener  Reference  on  Chip 
IMonotonicity  Guaranteed  Over  Temperature 
10.24mA  Fuli-Scale  Output  Suitable  for  Video 
Applications 

"Integral  and  Differential  Linearity  Guaranteed  Over 

Temperature 
0.3"  "Skinny  DIP"  Packaging  g  . 

Variable  Threshold  Allows  TTL  and  CMOS 

Interface 

MiL-STD-883  Compliant  Versions  Available 


.BLcicX 


FUNCTIONAL 


PRODUCT  DESCRIPTION' 

.The  ADS68  is  an  ultiahigh-speed,  124rit  digital'-to-analog  con- 
verter (DAG)  settling  to  0.02S%  in  3$iis.  The  nonoUthic  device 
is  fabricated  using  Analog  Devices'  Complemaitaiy  Bipolar 
(CB)  Process.  This  is  a  proprietary  process  featuring  high-speed 

'NPN  and  VHP  devio^  on  the  same  chip  without  die  we  <^ 

^kbsei^  ittilatiaa  onamltichip  hytttid  teehbiqiies.  The  higb  

speed  of  the  ADS68  is  maintained  by  keeping  impedance  levels 
low  enough  to  minimi/^  the  effects  of  parasitic  circuit 
capacitances. 

The  DAC  consists  of  16  current  sources  configured  to  deliver  a 
10.24mA  i^-scale  cunent.  Multiple  m^ar-hrA  cnncnt  sources 
md  thin-film  ladder  terhniqiHH  are  ccanlrined  to  produce  bit 
weighting.  The  DACs  ouqnit  is  a  10.24mA  fiill  scale  (FS)  for 
current  output  applications  or  a  1.024V  FS  unbuffered  voltage 
output.  Additionally,  a  10.24V  FS  buffered  output  may  be 
generated  using  an  onboard  IkXl  span  resistor  with  an  external 
op  amp.  Bipolar  ranges  are  accomplished  by  pin  strapping. 

Laser  wafer  trimming  insures  full  12-bit  linearity.  All  grades  of 
die  ADS68  are  guaranteed  monotonic  over  their  fiill  operating 
temperature  range.  Furthermore,  the  output  resistance  of  die 
DAC  is  trimmed    100(1  ±1.0%.TbegainlemperaturecQ^Bcient 
of  the  voltage  output  is  30ppm/°C  max  (K). 

Hie  ADS68  is  available  in  three  performance  grades.  The 
ADS68JQ  and  KQ  ate  available  in  24-pin  cerdip  (0.3")  packages 
and  are  specified  for  operation  from  0  to  +70°C.  The  ADS68SQ 
features  operation  from  -  SS°C  to  +  12S'C  and  is  also  packaged 
iinlie  taennetic  0.3"  cerdip.     ■   -  - 


PRODUCT  HIGHLIGHTS 

1.  The  ultiafm  settling  time  of  die  ADS68  allows  leading  edge 
pedMinance  in  wavefDm  generation,  graphics  display  and  ' 
high-qieed  A/D  conversion  applications; 

2.  pin  snapping  provides  a  variety  of  voltage  and  current  •ouqiut 
iang^~lbr  application  vdrntiUtyrTi^'G^trol  of  the  dnolute 

—  output  cmnnt  reducertrim  nequitiaueilB  in  externally-scaled 
applications. 

3.  Matched  on-chip  resistors  can  be  used  for  precision  scaling 
in  h%h-speed  A/D  conversion  ckcuits. 

4.  The  d^tal  inputs  are  compatibb  Widi  TTL  and  +SVCMOS 

logic  families. 

5.  Skinny  DIP  (0.3")  packaging  minimize  board  space  require- 
ments and  eases  layout  considerations. 

6.  The  AD568  is  available  in  versions  compliant  with  MIL-STD- 
883.  Refer  to  the  Analog  Devices  Military  Products  Databook 
or  cgnent  ADS68/S83B  data  sheet  for  detailed  specifications. 
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AD568J 
Min          Typ  Max 

AD568K 
Min         Typ  Max 

AD568S 
Min        Typ  Max 

Vim'-  ^  ~  '  -  J 

RESOLUTION 

12 

12 

12 

Bits  1 

ACCURACY' 
I  .inMrilv 

-1/2    ,      .  +1/2 

- 1/4                   + 1/4 

- 1/2                   + 1/2 

r 

LSB    ! 

LSB 

LSB                 '  " 

LSB           ■  '''■■•;:'■> 

%ofFSR            1  ,■ 

%ofFSR 

%ofFSR 

%ofFSR 

T^„toT„„ 
Differential  Nonlip^nt; 

JMonotonicily 
Unipolar  Offset. 
Bipolar  Offset 
Bipolar  Zero 
Gain  Error 

-3/4  +3/4 
i.M..-  ''.'.'!OrV- 
-1  +1 

GUJUIANTEEDO 
-0.2  +0.2 
- 1.0                     + 1.0 
-0.2  +0.2 
-1.0  +1.0 

-1/2  +1/2 
-1/2  +1/2 

-1               +r.  ■■ 

VER  RATED  SPECIFICATION  1 
*  * 

-3/4  +3/4 
-1  +1 
-1-       .  i   i     .   -1  ■ 
rEMPERATURE  RANGE 

*  * 

*  ■  * 
«              '    ■  • 

TEMPERATURE  COEFFICIENTS^ 
Unipolar  Offset 
Bipolar  Offset 
Bipolar  Zero 
Gain  Drift 
Gain  Drift  (I„ut) 

-5                    ■  +5 
-30  +30 

-15  +15 
-50  +50 
-150  +150 

-3           ,      1  +3 
-20  +20 

-30  +30 
*  * 

 ■   li'  ,   

-5  +5 
-30  +30 
*             ■  ■ * 

-50  +50 

ppmofFSR/°C 
ppmofFSR/°C 
ppmofFSR/"C 
ppmofFSR/!C    .  , 

,i;«WMB'i>B?'T(.-'.jii<*. 

DATA  INPUTS 
Logic  Ij^UCTbsbwI^"' 

V,H 

Vii. 

Logic  Cuntnts  (T„i„  to  T^') 
li.. 

VjH  Pin  Voltage 

2.0  7.0 
0.0  0.8 

-10         0  +10 
-0.5        -60  -100 
1.4 

*  * 

*  *  * 

*  *  * 

*  * 

*  * 

*  *  * 

*  - 100       -  200 
* 

V 

y 

tiA 
(jiA 
V 

CODING 

BINARY,  OFFSET  BINARY 

CURRENT  OUTPUT  RANGES 

Oto  10.24,  ±5.12 

mA 

VOLTAGE  OUTPUT  RANGES 

0to,1.024,  ±0.512 

V 

COMPLIANCE  VOLTAGE 

-2  ^-1.2 

*  * 

*  * 

V 

O'WpUTkESK^AME '  ' 
Exclusive  of  Ri. 
IndusiveofRi. 

160           200  240 
99            100  101 

*  ! 

*  ii  i 

n'i:-  -■aluii-m]  'zc  ■ 

a 

SETTLING  TIME 
Current  to       bjUl  JTT  i!;.-V- 

±0.025% 
5  ±0.1%  . 
Voltage 

50!!Load',0.512Vp-p, 
toO.025% 
toO.1% 

.,r.                     ■     ..-  ■ 
7511  Load',  0.768V  p-p, 
to  0.025% 
10  0.1% 
tol% 

lOOU  (internal  K,.f,  1 .024V  p-p, 

to  0.025% 

to  0.1% 

10  1% 
Glilch  Impulse^ 
Peak  Amplilude 

35 
23 

37  ' 

25     -  ■ 
-             -t»  .-'i  '.1^.  iu;.-  ', 

40 

25 
20 

50 

38 

24 

350 

15 

», 

* 

* 
* 

f    '  ■  * 

* 
* 
* 

* 

* 

* 

,* 
* 

nslo0.025%ofFSR 
nsto0.1%ofFSR 

nsto0.025%ofFSR 

nsto0.1%ofFSR 

nstol%ofFSR 

nslo0.025%ofPSBt 

nsto0.1%ofFSR 

nstol%ofFSR 

nsto0.025%ofFSR  . 
nsioO.mofFSR'  '■ 
nstol%ofFSR 
pV-5€C     ,    ,  f 
^oft^R. 

FULL-SCALE  TRANSITION' 
10%  to  90%  Rise  Time 
90%  to  10%  Fall  Time 

11 
11 

1    iiLi^i'T  ,  1,1.-,  ,  11* 

ns 
lis 

POWER  REQUDtEMENTS 
+  13.5V  to  +  16.5V 
-  13.5V  to  -  16.5V 
Power  Dissipatioli 
PSRR 

27  32 

-7  -8 
525  625 
0.05 

*  * 

*  • 

*  • 

*  * 

* 

mA 
mA 
mW 

•AofFSRA/ 

TEMPERATURE  RANGE 
Rated  Specification' 

0  70 

0  70 

-55  +125 

•c 

NOTES 

*Same  as  ADS68J.  *At  the  major  carry,  driven    HCMOS  logic.  See  text  for  fiu^^ifit^et^aiEit^ii;^ 

'Measured  in  loL-T  mode.  'Measured  uiVqut  mode. 

■MeasuredinVo,;Tmade,unlesiather«ise^iiied.Seetextrorf>irtlieriAfoTBati<in.  SpeciffiealionsiliDira  in  boldface  are  tested  onall  production  uniMte 

"Total  Resistance.  RefertoRgure3.  Specifications«ul*icttocliangewilftD»t  notice. 
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PIN  CONFIGURATION 


Figure  1.  Functional  Block 
ABSOLUTE  MAXIMUM  RATINGSl  . 


BITl  IMSBlfT 

m]  +  15V  (Vce) 

am\T 

REFERENCE  COMMON  IREFCOM] 

REFEiieNce 

COMMON 

BirafT 

■mil 

TT]  BIPOLAR  OFFSET  (Ibk,I 

LOWClESISTOR 

ma 

Bn9\T 

BIPOUUt 
OFFSET 

BITdfT 
BIT?  [T 

arrafT 

A0568 
TOP  VIEW 
(Not  to  S«M) 

19]  LOAD  RESISTOR  (RU 

iT]  ANALOG  COMMON  lACOM)  _ 

"iT]  LADDER  COMMON  (LCOM)  H 

1DV  SPAN 

msmcm 

BITs[T 

Bmojio 
gmif'i? 

Bm2(lSB)[T2 

is]  10V  SPAN  RESISTOR  H 

TS]  10V  SPAN  RESISTOR 

14]  THRESHOLD  COMMON  rracom 

la]  TMIESHOLD  COHTBOL  |Vth). 

Voc  to  REFCOM   OV  to  +  18V 

Vee  to  REFCOM  OV  to  -  18V 

REFCOM  to  LCOM   +  lOOmV  to  -  lOV 

ACOM  to  LCOM   ±  lOOmV 

THCOMtoLCOM   ±500mV 

SPANS  to  LCOM  ±  12V 

Ibpo  to  LCOM   ±  5V 

lour  to  LCOM  -SVioV™ 

Digital  Inputs  to  THCOM   -500mV  to  +7.0V 

Voltage  Across  Span  Resfetor  ,  .  ,  ,  .  ..r-,.,   12V 

V-THto  THCOM    .  ,  ;J       ;  .  .  .  .  ;        .-0.7Vto  +1.4V 
, '^^^5)^14  (^nporijgpit  Cunra     .       ■  SmA 

-  OK^IHNG  GUIDE 


Power  Dissipation   ."'j-v' .  'f" .  .  .  lOOOmW 

Storage  Temperature  Range 

Q  (C»dip)  Package   ■  •  •  ■  -6i°C  to  +  150°C 

Junction  Temperati|iS-j,.T,  .,,  i^.sjft  -jjfe  mml■■.'^:  's•  ,l^^^°Q 
Thermal  Resistance 

e,.  

eic  


•Stresses  above  those  listai  under  "Absolute  Maximum  Ratings"  may 
cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and 
functional  operation  of  the  device  at  these  or  any  other  conditions  above 
those  indicated  in  the  operational  secDons  of  this  specification  is  not 
implied.  Exposure  to  absolute  maifiittiim  rating  conditions  for  extended 
periods  may  affect  device  relial^ef.--~     '     '•>  - 


Linearity 

Voltage 

Package 

Temperature 

Error  Max. 

GainT.C. 

Model' 

Option^ 

Range  °C 

@25°C 

Maxppm/°C 

AD568JQ 

24-LeadCerdip(Q-24) 

0  to  +  70 

±1/2 

±50 

AD568KQ 

24-LeadCerdip(Q-24) 

Oto  +70 

±1/4 

±30 

ADS68SQ 

24-LeadCerdip(Q-24) 

-55  to +  125 

±1/2 

±50 

NOTES 

'For  details  on  grade  and  package  offerings  screened  in  accordance  with  MIL-STD-S83,  refer 
to  the  Analog  I^vicxsMiUtary  Products  Datf^mi^  or  cuxKntADS68/883B  data  she^  t 
=  Cerdip.  For  outline  information  see  Packi^  bifonnatkm  section.  r 


Definitions 


LINEARITY  ERROR  (also  called  INTEGRAL  NON- 
LINEARITY  OR  INL):  Analog  Devices  defines  linearity 
error  as  the  maximnm  deviation  of  the  actual  analog  output 
from  the  ideal  output  (a  straight  line  drawn  from  0  to  FS) 
for  any  bit  combination  expressed  in  multiples  of  ILSB.  The 
AD568  is  laser  trimmed  to  1/4LSB  (0.006%  of  FS)  maximum 
linearity  error  at  +2S°C  for  the  K  version  and  1/^LSB  for 
the  J  and  S  versions.  ■  ■■.  r  ' 

DIFFERENTIAL  LINEARITY  ERROR  (also  called 
DIFFERENTIAL  NONLINEARITY  or  DNL):  DNL  is 
the  measure  of  the  variation  in  analog  value,  normalized  to 
full  scale,  associated  with  a  ILSB  change  in  digital  input 
code.  Monotonic  behavior  requires  that  the  different  l&eaiily 
error  not  eieceed  ILSB  in  the  negative  direction. 
MONOTONICITY:  A  DAC  is  said  to  be  monotonic  if  the 
output  either  increases  or  remains  constant  as  the  digital 
input  increases.  > 


UNIPOLAR  OFFSET  ERROR:  The  deviation  of  the  analog 
output  from  the  ideal  (OV  or  0mA)  when  the  inputs  are  set 
to  all  Os  is  called  unipolar  offset  error. 

BIPOLAR  OFFSET  ERROR:  The  deviation  of  the  analog 
output  from  the  ideal  (negative  half-scale)  when  the  inputs 
are  set  to  all  Os  is  called  bipolar  offset  error. 

BIPOLAR  ZERO  ERROR:  The  deviation  of  the  analog 
output  from  the  ideal  half-scale  output  of  OV  (or  0mA)  for 

bipolar  mode  when  only  the  MSB  is  on  (100  00)  is  called 

bipolar  zero  error. 

GAIN  ERROR:  The  difference  between  the  ideal  and  actual 
output  span  of  FS  -  ILSB,  express^  in  %  ^  WSi,  or 
when  all  bits  are  on. 

GLITCH  IMPULSE:  Asyiunetrical  switching  times  in  a 
DAC  give  rise  to  undesired  output  transients  which  are  quan- 
tifi^  by  th^  ^tch  impulse.  It  is  ^^faGe^_^is^^,iixx^ai'a[ 
the  glitch  m  riV-sec  or  pA-isec^       -  ' 
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„_  .  Figure  2.  ADS68  Glitch  Impulse 

COMPLIANCE  VOLTAGE:  The  range  of  allowable  voltage 
at  the  output  of  a  current-output  DAC  which  will  not  degrade 
the  accuracy  of  the  output  current. 

SETTLING  TIME:  The  time  required  for  the  output  to 
reach  and  remain  within  a  specified  error  band  about  its  final 
vdftie,  measured  &om  the  digital  input  ttansitioti. 

CiDnnecting  the  /iD5S8 

UNBUFFEREP  VOLTAGE  OUTPUT 
Unipolar  Configuration 

Figure  3  shows  the  AD568  configured  to  provide  a  unipolar  0  to 
+  1.024V  output  range.  In  this  mode,  the  bipolar  offset  terminal. 
Fin  21,  should  be  groimded  if  not  used  for  offset  trimmii^. 

The  nominal  output  impedance  of  the  AD568  with  Pin  19  grounded 
has  been  trimmed  to  lOOO,  ±  1%.  Other  output  impedances  can 
be  generated  with  an  external  resistor,  Rext,  between  Pins  19 
and  20.  An  Rext  equalUng  3000  will  yield  a  total  output  resistance 
of  75n,  while  an  Rext  of  10011  will  provide  50fl  of  output 
resistance.  Note  that  since  the  full-scale  output  current  of  the 
DAC  remains  10.24mA,  changing  the  load  impedance  changes 
the  unbuffered  output  voltage  accordingly.  Settling  time  and 
full-scale  range  characteristics  for  these  load  impedances  are 
provided  in  the  specifications  table. 


Figure  4,  Bipolar  Output  Ur^buffered  ±  0.512V 

occurs  when  the  MSB  is  ON  with  all  other  bits  OFF  (10  ... 
00),  aiid  full-scale  minus  ILSB  (0.51175V)  is  generated  when  all 
bits  are  ON  (11  ...  II).  Figure  5  shows  an  optional  bipolar 
mode  with  a  2.048V  range.  The  scale  factor  in  this  mode  will 
not  be  as  accurate  as  the  configuration  shown  in  Figure  4,  because 
the  laser-trimmed  resistor  Rl  is  not  used. 

Figure  4  also  demonstrates  hbw  the  internal  spa^  resistor  may 
be  used  to  bia^  the  V-m  (fiu  (Fin  13)  from  a  SV  supply.  Itts 
Ruminates  the  reqliiremeiii  iis  an  exf^^niil^TH  ^  appltCa^ti^^ 
i!^a,t  diQ  :not  require  the  precision  span  resistor. 


Figure  3.  Unipolar  Output  Unbuffered  0  to  +  1.024V 
Bipolar  CpnfigH^tioci' 

Figtke '4  shbWs  &e'  «toectii9n  scheme  ii«d  to  pr4yi4e  a  bipolar 
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Figure  5.  Bipolar  Output  Unbuffered  f  1.024V  ,. 
Optional  Gain  and  Zero  Adjustment 

The  gain  and  offset  are  laser  trimmed  to  minimize  their  effects 
on  circuit  performance.  However,  in  some  applications,  it  may 
be  desirable  to  externally  reduce  these  errors  further.  In  those 
cases,  the  following  procedures  are  suggested. 

UNIPOLAR  MODE:  (Refer  to  Figure  6) 

Step  1  -  Set  all  bits  (BIT  1-BIT  12)  to  Logic  "0"  (OFF)  -  note 
the  output  voltage.  This  is  the  offset  error. 

Step  2  -  Set  all  bits  to  Logic  "1"  (ON).  Adjust  the  gain  trim 
resistor  so  that  the  output  voltage  is  equal  to  the  desired  full  i 
scale  minus  ILSB  plus  the  offset  error  measured  in  step  1. 
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trim  resistor  for  OV  output. 


Figure  6.  Unbuffered  Unipolar  Gain  antliZsm' Adjmst 
BIPOLAR  MODE  (Refer  to  Figure  7) 

Step  1  -  Set  bits  to  offset  binary  "zero"  (10  .  .  .  00).  Adjust  the 
zero  resistor  to  produce  OV  at  the  DAC  output.  This  removes 
the  bipolar  zero  error. 

Step  2  -  Set  all  bits  to  Logic  "1"  (ON).  Adjust  g^.trini  resistor 
so  the  output  voltage  is  «]ual  to  the  diesiied  full-scale  minus. 
ILSB.  ■  , 

Step  3  ^'■(Optional)  Jf  precise  tmmnrae  ol  tfae  bipolw  c^fset  is 
pi«ferred  ta  trimming  c^.bicKteiZero:.  sei^aU  bim  to  Li%ic  , 
(OFF).  Tom  the  zeiD  («sitt>r<DiaxRteeciidie  desired  ni^tive ' 

tifote:  tUs  may  -sUgh%  compromise,  die  bipote  zero  tcte.  i 
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Figure  7.  Bipolar  Unbuffered  Gain  and  Zero  Adjust 
BUFFERED  VOLTAGE  OUTPUT 

For  fiill-scale  outputs  of  greater  than  IV,  some  type  of  external 
buffer  amplifier  is  required.  The  AD840  fills  this  requirement 
perfectly,'  setclnig'to  0:02$%.&<nn  a  lOV  fiiU-soite  step  in  less 
than  100ns. 

A  Ikn  span  resistor  has  been  provided  on  chip  for  use  as  a 
feedback  resistor  in  buffered  applications.  Using  Rspan  (Pins 
15,  16)  introduces  a  lOOmW  code-dependent  power  source  onto 
the  chip  which  may  generate  a  slight  degradation  in  linearity. 
Maximum  linearity  performance  can  be  realized  by  using  an 
external  span  resistor. 

Unipolar  Inverting  Configuration 

Figure  8  shows  the  connections  for  producing  a  -  10.24V  full-scale 
swing.  This  configuration  uses  the  AD568  in  the  current  output 
mode  into  a  simuning  jimction  at  the  inverting  input  terminal  of 
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DAC  has  an  output  impedance  of  lOOH.  This  produces  a  noise 
gain  of  1 1  from  the  noninverting  terminal  of  the  op  amp,  and 
hence,  satisfies  the  stability  criterion  of  the  ADS40  (stable  at  a 
gain  of  10).  The  addition  of  a  SpF  compensation  capacitor  across 
the  Ikn  feedback  resistor  produces  optimal  settling.  Lower 
noise  gain  can  be  achieved  by  coimecting  Rl  to  lotrr,  increasing 
the  DAC  output  impedance  to  approximately  200fl,  and  reducing 
the  noise  gain  to  6  (illustrated  in  Figure  9).  While  the  output  in 
this  configuration  will  feature  improved  noise  performance,  it  is 
somewhat  less  stable  and  may  suffer  from  ringing.  The  compen- 
sation capacitance  should  be' increased  to  7pF  to  maintain  stability 
at  this  reduced  gain. 
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Figure  8.  Unipolar  Output  Buffered  0  to  -  10.24V 
Bipolar  Inverting  Configuration 

Figure  9  illustrates  the  implementation  of  a  -1-5. 12V  to  -5.12V 
bipolar  range,  achieved  by  connecting  the  bipolar  offset  current, 
Ibpo,  to  the  summing  jtmction  of  the  external  amplifier.  Note 
that  since  the  amplifier  is  providing  an  inversion,  the  fiill-scale 
output  voltage  is  -  5.12V,  while  the  bipolar  offset  voltage  (all 
bits  OFF)  is  -F5.12V  at  the  amplifier  output. 


Figure  9.  Bipolar  Output  Buffered  ±5. 12V 
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Noninverting  Configuration 

If  a  positive  full-scale  output  voltage  is  required,  it  can  be  im- 
plemented using  the  AD568  in  the  unbuffered  voltage  output 
mode  followed  by  the  AD840  in  a  noninverting  configuration 
(Figure  10).  The  noise  gain  of  this  topology  is  10,  requiring 
only  5^  toosi  "rite  ifedback  resistor  to  opd 
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Figure  10.  Unipolar  Output  Buffered  0  to  +  10.24V 

Guidelines  for  Using.  t|te  AD568 

The  designer  who  seeks  to  combing  high  speed  with  high  precision 
faces  a  challenging  design  environfnent.  Where  tens  of  milliam- 
peres  are  involved,  fractions  of  an  ohm  of  misplaced  impedance 
can  generate  several  LSBs  of  error.  Increasing  bandwidths  make 
formerly  negligible  parasitic  capacitances  and  inductances  signif- 
icant. As  system  performance  reaches  and  exceeds  that  of  the 
measurement  equipment,  time-honored  test  methods  may  np 
longer  be  trustworthy.  The  DAC's  placement  on  the  boundary 
between  the  analog  and  digital  domains  introduces  additional 
concerns.  Proper  RF  techniques  must  be  used  in  board  design, 
device  selection,  supply  bypassing,  grounding,  and  measurement 
if  optimal  performance  is  to  be  realized.  The  AD568  has  been 
configured  to  be  relatively  easy  to  use,  even  in  some  of  the  more 
treacherous  applications.  The  device  characteristics  shown  in 
this  datasheet  are  readily  achievable  if  proper  attention  is  paid 
to  the  details.  Since  a  solid  tmderstanding  of  the  circuit  involved 
is  one  of  the  designer's  best  weapons  against  the  difficulties  of 
RF  design,  the  following  sections  provide  illustrations,  explana- 
tions, examples,  and  suggestions  to  facilitate  successful  design 
with  the  AD568. 

Current  Output  vs.  Voltage  Output 

As  indicated  in  Figures  3  through  10,  the  AD568  has  been 
designed  to  operate  in  several  different  modes  depending  on  the 
external  circuit  configuration.  While  these  modes  may  be 
categorized  by  many  different  schemes,  one  of  the  most  important 
distinctions  to  be  made  is  whether  the  DAG  is  to  be  used  to 
generate  an  output  voltage  or  an  output  current.  In  the  current 
output  mode,  the  DAC  output  ^Pin  20)  is  tied  to  some  type  of 
summing  junction,  and  the  cumtil  flowing  from  the  DAC  into 
this  summing  jimction  is  sensed  (e.g.,  Figures  8  and  9).  In  this 
mode,  the  DAC  output  scale  is  inse|isitive  to  whether  the  load 
resistor,  Rjl,  is  shorted  (Pin  19  connected  to  Pin  20),  <a  emudai! 


(Pin  19  connected  to  Pin  18).  However,  this  does  affect  the 
output  impedance  of  the  DAC  current  and  may  have  a  significant 
impact  on  the  noise  gain  of  the  external  circuitry.  In  the  voltage 
output  mode,  the  DAC's  output  current  flows  through  its  own 
internal  impedance  (perhaps  in  parallel  with  an  external  imped- 
ance) to  generate  a  voltage,  as  in  Figures  i,  4,  5,  and  10.  In  this 
case,  the  DAC  output  scale  is  directly  dependent  on  the  load 
impedance.  The  temperature  coefficient  of  the  AD568's  internal 
reference  is  trimmed  in  such  a  way  that  the  drift  of  the  DAC 
output  in  the  voltage  output  mode  is  centered  on  zero.  The 
current  output  of  the  DAC  will  have  an  additional  drift  factor 
corresponding  to  the  absolute  temperature  coefficient  of  the 
internal  thin-film  resistors.  This  additional  drift  may  be  removed 
by  judicious  placement  of  the  IkH  span  resistor  in  the  signal 
path.  For  example,  in  Figures  8  and  9,  the  current  flowing  from 
the  DAC  into  the  summing  jimction  could  suffer  from  as  much 
as  lSOppm/°C  of  thermal  drift.  However,  since  this  ciirroit 
flows  through  the  internal  span  resistor  (Pins  15  and'  16)  which 
has  a  temperature  co^Siaent  ^at  matdies  the  DAC  lad^^ 
resistors,  this  drift  factor  is  compensated  and  the  buffered  voltage 
at  the  amplifier  output  will  be  within  specified  limits  for  the 
voltage  output  mode. 

Output  Voltage  Compliance 

The  AD568  has  a  typical  output  compliance  range  of  +  1.2V  to 
—  2.0V  (with  respect  to  the  LCOM  Pin).  The  ctuxent-steering 
output  stages  will  be  imaffected  by  changes  iii  the  output  tennihal 
voltage  over  that  range.  However,  as  shown  in  Figure  11,  there 
is  an  equivalent  outputiia^danoe  of  2000  in  jaralld^OTtK 
15pF  at  the  output  terminal  which  produces  an  equivalesr  errw 
current  M  the  voltage  ide»tl£s  from  the  iadds  coimtnat.  lliis  & 
a  linear  effect  which  does  not  change  wiili  i^|)at  code:  C^eratioh 
beyond  tbe  dMmWa  coa^tuince  limits  may  cause  either  outpift 
stage  saturation  or  breakdown  resulting  in  nonlinear  performance. 
The  positive  compliance  limit  is  not  affected  by  the  positive 
power  supply,  but  is  a  fimction  of  output  ciurent  and  the  logic 
threshold  voltage  at  Vth>  Pin  13- 
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Figure  1 1.  Equivalent  Output 
Digital  Input  Considerations 

The  AD568  uses  a  standard  positive  true  straight  binary  code 
for  unipolar  outputs  (all  Is  full-scale  output),  and  an  offset 
binary  code  for  bipolar  output  ranges.  In  the  bipolar  mode, 
with  all  Os  on  the  inputs,  the  output  will  go  to  negative  full 
scale;  with  111  .  .  .  11,  the  output  will  go  to  positive  full  scale 
less  ILSB;  and  with  100  .  .  00  (only  the  MSB  on),  the  output 
will  go  to  zero. 

The  threshold  of  the  digital  inputs  is  set  at  1.4V  and  does  not 
vary  with  supply  voltage.  This  is  proved  by  a  band^p  rts^Eenee 
generator,  which  requires  approidmately  3mA  of  bias 
curret^t  achieved  by  tying  Rth  to  iii^  -I-  Vl  slipply  w^eA' 

'  *  ■'ft4M'  =  r— ^5^-— — —  V'      '  ""'""^  aoilinugiUiO,  ..  ■ 


The  input  lines  operate  with  small  input  currents  to  easily  achieve 
interface  with  unbuffered  CMOS  logic.  The  digital  input  signals 
to  the  DAC  should  be  isolated  from  the.analog  output  as  much 
as  possible.  To  minimize  tmdershoot,  ringiiig,  and  possible 
digital  feedthrough  noise,  the  interconnect  distances  to  the  DAC 
inputs  should  be  kept  as  short  as  possible.  Termination  resistors 
may  improve  performance  if  the  digital  lines  become  too  long. 
The  digital  input  should  be  free  from  large  glitches  and  ringing 
and  have  maximnm  10%  to  90%  rise  and  fall  times  of  Sns.  Figure 
12  shows  the  equivalent  digital  input  circuit  of  the  ADS68. 


BIT  1  DRIVES  4  OF  THESE  CELLS  Ifll  PARALLEL 
BIT  2  DRIVES  2  CELLS. 
'  BITS  3-12  DRIVE  SINGLE  CELLS. 

Figure  12.  Equivalent  Digital  Input 

Due  to  the  high-speed  nattu-e  of  the  AD568,  it  is  recommended 
that  high-speed  logic  families  such  as  Schottky  TTL,  high-speed 
CMOS,  or  the  new  lines  of  FAST*  TTL  be  used  exclusively. 
Table  I  shows  how  DAC  performance  can  vary  depending  on 
the  driving  logic  used.  As  this  table  indicates,  STTL,  HCMOS, 
and  FAST  represent  the  most  viable  families  for  driving  the 
AD568. 

DAC  PERFORMANCE  VS.  DRTVE  LOGIC* 


DAC 

Logic 

10-90% 

SETTLING  TIME^'' 

GUtch'' 

Maximum 

Family 

DAC 

1% 

0.1% 

0.02S% 

Impulse 

Glitch 

Rise  Time^ 

Excursion 

TTL 

Uns 

18ns 

34ns 

sons 

2.5,mV-s 

240mV 

LSTTL 

11ns 

28ns 

46ns 

80ns 

950pV-s 

160mV 

STTL 

9.5ns 

16ns 

33ns 

sons 

850pV-s 

ISOmV 

HCMOS 

11ns 

24ns 

38ns 

50ns 

350pV-s 

llSmV 

FAST* 

12ns 

16ns 

36ns 

42ns 

l.OnV-s 

250mV 

'All  values  typical,  taken  in  test  future  diagranuned  in  Figure  13. 
^Measurcmenis  are  made  fta  a  IV  full-scale  s^  into  lOOflDAC  load  resistance. 
^Settling  time  is  measured  from  the  time  the  digital  input  crosses  the  thrediold  voltage 
(1.4V)  to  when  the  output  is  within  the  specified  range  of  its  final  value.  ' 
*The  woiai  case  j^ich  impulse,  measured  on  ihe  maior  cany.  DAC  bill  scale  is  IV. 

Table  I. 

The  variations  in  settling  times  can  be  attributed  to  differences 
in  the  rise  time  and  current  driving  capabilities  of  the  various 
families.  Differences  in  the  glitch  impulse  are  predominantly 
dependent  upon  the  variation  in  data  skew.  Variations  in  these 
specs  occur  not  only  between  logic  families,  but  also  between 
different  gates  and  latches  within  the  same  family.  When  selecting 
a  gate  to  drive  the  AD568  logic  input,  pay  particular  attention 
to  the  propagation  delay  time  specs:  tpLH  and  tpHL-  Selecting 
the  smallest  delays  possible  will  help  to  minimize  the  settling 
time,  while  selection  of  gates  where  tpLH  and  tpHL  are  closely 
matched  to  one  another  will  minimize  the  glitch  impulse  resulting 
from  data  skew.  Of  the  common  latches,  the  74374  octal  flip-flop 
provides  t&i  best  performalice  in  this  area  for  many  of  the  lo^ 
fionilies  mentioned  above. 

'FAST  is  a  icfistemi  tradennk  oTFdicUld  Camcn  aad  bntranntaliin 
Coipomioii. 
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Figure  13.  Test  Setup  fQr  G^^  'i!Vp^#?°'  Settling  . 
Time  Measurements 

Setding  Time  Consideratidns 

As  can  be  seen  from  Table  I  and  the  specifications  page,  the 
stxtling  time  of  the  ADS68  is  application  dependent.  The  fastest 
settling  is  achieved  in  the  current-output  mode,  since  the  voltage- 
output  mode  requires  the  output  capacitance  to  be  charged  to 
the  appropriate  voltage.  The  DAC's  relatively  large  output  current 
helps  to  minimize  this  effect,  but  settling-time  sensitive  applica- 
tions should  avoid  any  imnecessary  parasitic  capacitance  at  the 
output  node  of  voltage  output  configurations.  Direct  measurement 
of  the  fine  scale  DAC  settling  time,  even  in  the  voltage  output 
mode,  is  extremely  tricky:  analog  scope  front  ends  are  generally 
incapable  of  recovering  from  overdrive  quickly  enough  to  give 
an  accurate  settling  representation.  The  plot  shown  in  Figure  14 
was  obtained  using  Data  Precision's  640  16-bit  sampling  head, 
which  features  the  quick  overdrive  recovery  characteristic  of 
sampling  approaches  combined  with  high  accuracy  and  relatively 
sniaH  t&iermjd.tail.  -' 
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AD568 

Glitch  £bnsideiatioiis 

In  many  high-speed  DAC  applications,  glitch  performance  is  a 
critical  specification.  In  a  conventionaL  DAC  architecture  siich 
as  the  ADS68  there  are  two  basic  glitch  ihisdianisms:  data  skew 
and  digital  feedthrough.  A  thorough  understanding  of  these 
sources  can  help  the  user  to  minimize  glitch  in  any  application. 

DIGITAL  FEEDTHROUGH  -  As  with  any  converter  product, 
a  high-speed  digital-to-analog  converter  is  forced  to  exist  on  the 
frontier  between  the  noisy  environment  of  high-speed  digital 
logic  and  the  sensitive  analog  domain.  The  problems  of  this 
interfacing  are  particularly  acute  wheii  demands  of  high  speed 
(greater  than  lOMHz  switching  times)  and  high  precision  (12 
'  'iii     bits  or  more)  are  combiiied.  No  amotmt  of  design  effort  can 

perfectly  isebtt  the  analog  portions  of  a  DAC  from  the  spectral 
components  of  a  digital  input  signal  with  a  2ns  risetime.  Inevitably, 
once  this  digital  signal  is  brought  onto  the  chip,  some  of  its 
higher  frequency  components  will  find  their  way  to  the  sensitive 
analog  nodes,  producing  a  digital  feedthrough  glitch.  To  minimize 
the  exposure  to  this  effect,  the  ADS68  has  intentionally  omitted 
the  on-board  latches  that  have  been  included  in  many  slower 
DACs.  This  not  only  reduces  the  overall  level  of  digital  activity 
on  chip,  it  also  avoids  bringing  a  latch  clocls  pulse  on  board, 
whose  opposite  edge  inevitably  produces  a  substantial  ghtch, 
even  when  the  DAC  is  not  supposed  to  be  changing  codes. 
Another  path  for  digital  noise  to  find  its  way  onto  a  converter 
chip  is  through  the  reference  input  pin.  The  completely  internal 
reference  featured  in  the  ADS68  eliminates  this  noise  input, 
providing  a  greatePiiEe^fei^ofi^^l  integrity  in  the  analog  portions 
of  the  chip. 

DATA  SKEW  -  The  AD568,  like  many  of  its  slower  predecessoraj 

essentially  uses  each  digital  input  line  to  switch  a  separate, 
weighted  current  to  either  the  output  (Ioltt)  or  some  other  npde 
(ANALOG  COM).  If  the  input  bits  are  not  changed  simultane- 
ously, or  if  the  different  DAC  bits  switch  at  different  speeds, 
then  the  DAC  output  current  will  momentarily  take  on  some 
incorrect  value.  This  effect  is  particularly  troublesome  at  the 
"carry  points",  where  the  DAC  output  is  to  change  by  only  one 
LSB,  but  several  of  the  larger  current  sources  must  be  switched 
to  reahze  this  change.  Data  skew  can  allow  the  DAC  output  to 
move  a  substantial  amount  towards  full  scale  or  zero  (depending 
upon  the  direction  of  the  skew)  when  only  a  small  transition  is 
desired.  Great  care  was  taken  in  the  design  and  layout  of  the 
AD568  to  ensure  that  switching  times  of  the  DAC  switches  are 
symmetrical  and  that  the  length  of  the  input  data  lines  are  short 
and  well  matched.  The  ghtch-sensitive  user  should  be  equally 
diligent  about  minimizing  the  data  skew  at  the  ADS6g's  inputs, 
particularly  for  the  4  or  5  most  significant  bits.  This  can  be 
achieved  by  using  the  proper  logic  family  and  gate  to  drive  the 
DAC,  and  keeping  the  interconnect  lines  between  the  logic 
outputs  and  the  DAC  inputs  as  short  and  as  well  matched  as 
possible,  particularly  for  the  most  significant  bits.  The  top  6 
bits  should  be  driven  from  the  same  latch  chip  if  latches  ise 
used. 

Glitch  Reduction  Schemes 

BIT-DESKEWING  -  Even  carefully  laid-out  boards  using  the 
proper  driving  logic  may  suffer  from  some  degree  of  data-skew 
induced  glitch.  One  common  approach  to  reducing  this  effect  is 
to  add  some  appropriate  capacitance  (usually  several  pF)  to  each 
of  the  2  or  3  most  significant  bits.  The  exact  value  of  each  capacitor 
for  a  given  application  should  be  determined  experimentally,  as 
it  will  be  dependent  on  circuit  board  layout  and  the  type  of 
driving  logic  used.  Table  II  presents  a  few  examples  of  how  the 
glitch  impulse  niay  be  redioice^  through  passive  deskewing. 


BIT  DELAY  CUTCH  KEDUCTION  EXAMPLES' 


■Logic 

Uncompen- 

Compensation 

Compen- 

Family 

Gate 

sated  Glitch 

Used 

sated  Glitch 

HCMOS 

74157 

350pV-s 

C2  =  5pF 

250pV-s 

STTL 

74158 

850pV-s 

Rl  =  50n,Cl  =  7pF 

600pV-s 

NOTE 

'Measurements  were  made  using  a  modified  version  of  the  fixture  shown  in 
Figure  13,  with  resistors  and  capacitors  placed  as  shown  in  Figure  15. 
Resistance  and  capacitance  values  were  set  to  zero  except  as  noted. 

Table  II. 

As  Figure  15  indicates,  in  some  cases  it  may  prove  usefiil  to 
place  a  few  hundred  ohms  of  series  resistance  in  the  input  line 
to  enhance  the  delay  effect.  This  approach  also  helps  to  reduce 
some  of  the  digital  feedthrough  glitch,  as  the  higher  beqaeocy 
spectral  components  are  being  filtend  Ifil^  iqost  as^cant 

bits'  digital  inputs. 


H-CBITDESKBMNa  SCHEME 


Figure  IS:  B^C  Bit  Deskewing  Scheme 

THRESHOLD  SHIFT  -  It  is  also  possible  to  reduce  the  data 
skew  by  shifting  the  level  of  logic  voltage  threshold,  Vth  (Pin 
13).  This  can  be  readily  accompUshed  by  inserting  some  resistance 
between  the  THRESHOLD  COM  pin  (Pin  14)  and  ground,  as 
in  Figure  16.  To  generate  threshold  voltages  below  1.4V,  Pin  13 
may  be  directly  driven  with  a  voltage  source,  leaving  Pin  14  tied 
to  the  ground  plane.  As  Note  2  in  Table  III  indicates,  lowering 
the  threshold  voltage  may  reduce  output  voltage  compUance 
below  the  specified  limits,  which  may  be  of  concern  in  an  tm- 
buffered  voltage  output  topology. 

SELECTING  RA  AND  RB: 
RA  +  RB  =  5V/3.6mA 
THRESHOLD  VOLTAGE  =  Vth  =  1.4V  +  (3.6mA  x  R,) 


AD5S8 

THCOM 


RB  CI:  lOOOpFCHIPCAPAaTOR 


+  5V  f 


V 


ANALOG 
GROUND 
PLANE 


Figure  16.  Positive  Threshold  Voltage  Shift 

Table  III  shows  the  ghtch  reduction  achieved  by  shifting  the 
thresholil  yolta^e  for  HCMO^,  ^jH^^^j^J'^ST  to^. , 

S'/Odt.  '-■.,1  : 
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THRESHOLD  SHIFT  FOR  GLITCH  IMPROVEMENT' 


Logic 
Family 

Gate 

Uncompen- 
sated Glitch 

Modified 
Thresliold^ 

Resulting 
Glitch 

HCMOS 

74HC158 

350pV-s 

1.7V 

150pV-s 

STTL 

74S158 

850pV-s 

l.OV 

200pV-s 

FAST 

74F158 

lOOOpV-s 

1.3V 

480pV-s 

NOTES 

'MeasurancDts  made  on  a  modified  version  of  the  circuit  shown  in 
Figure  13,  with  a  IViiiU  scde. 

^Use  care  in  any  scheme  that  lowers  the  threshold  voltage  since  the 
outiHit  vdtage  coiiq>liance  d  the  DAC  is  sensitive  to  diis  vdtage. 
If  the  DAC  is  to  be  operated  in  die  voltage  output  mode,  it  is  siroiigl^ 
suggested  diat  die  thicsbdd  voltage  be  set  at  l(»st  200mV  above 
the  output  voltage  full  scale. 

Deglitching  '  >  .  . 

Some  applications  may  prove  so  sensitive  to  glitch  impulse  that 
reduction  of  glitch  impulse  by  an  order  of  magnitude  or  more  is 
required.  In  order  to  realize  glitch  impulses  this  low,  some  sort 
of  sam|;le'aiidnhold  amplifier  (SHA)-ba5ed  deglitching  scheme 
must  &  QS^. 

There  are  high-^ee^  Sljfts  av^ble  with  specifications  sufficient 
to  deglitch  the  AD5S8,  Kitwever  most  are  hybrid  in  design  at 
costs  which  can  be  prohibitive.  A  high  performance,  low  cost 
alternative  shown  in  Figure  17  is  a  discrete  SHA  utilizing  a 
high-speed  monolithic  op  amp  and  high-speed  DMOS  P'ET 
switches.  - 

This  SHA  circuit  uses  the  inverting  integrator  architecture.  The 
AD841  operational  amplifier  used  (300MHz  gain  bandwidth 
product)  is  fabricated  on  the  same  high-speed  process  as  the 
ADS68.  The  time  constant  formed  by  the  200n  resistor  and  the 
lOOpF  capacitor  determinesdi^.  acquisition  time  and  also  band 
limits  the  output  signal  td'aSiiiikte  slew  induced  distortion. 

A  discrete  drive  circuit  is  used  to  achieve  the  best  performance 
from  the  SD5000  quad  DMOS  switch.  This  switch  driving  cell 
is  composed  of  MPS571  RF  npn  transistors  and  an  MC10124 
TTL  to  ECL  translator.  Using  this  technique  provides  both 

speed:and highly  syninietrical  driw  signajs  for  the  SD5000 
switdies,  ,The  switches  im  arranged  in  a-  mgle-tbiow  double-pole 
(^PDJ)  OK^igunuioq.  Tlie  360pF  "flyback"  (spadtor  is  switched 
tp  the  op  amp  summing  .jnBeti<»:  during  the  fapliidBiode  tf>  tseq? 
switching  transients  froot  fmi^oe  to  the  QOq>ut.  This  et^adtot 
is  grounded  during  sampte  owde  U)  miniiaize  it»  effect  on  ac- 
qtiisiBon  time. 

Circuit  layout  for  a  high  speed  SHA  is  almost  as  critical  as  the 
design  itself.  Figure  17  shows  a  recommended  layout  of  the 
deglitching  cell  ffor  a  double  sjded  printed  cireuil  board.  The 
layou^ij  ^.veqi  smmi^^i'^'ffmtMimJ^  '^(aaBsalmoi^  ' 
paths  are  short.  .j;,. 


AD568 


Figitrei?'.  Hlgfr Performance Deglitcher 
GtOtinding  Rules  ' 

The'AD568  brings  out  separate  rtfereiice,  output,  and  digital  ' 
power  groiinds.  This  allows  for  optiintlm  management  of  signsil 
grotmd  currents  for  low  noise  and  high-speed  settling  performance. 
The  separate  ground  returns  are  provided  to  minimize  changes 
in  current  flow  in  the  analog  signal  paths.  In  this  way,  logic 
return  currents  are  not  siunmed  into  the  same  return  path  with 
the  analog  signals. 

It  is  important  to  understand  which  supply  and  signal  currents 
are  flowing  in  which  grounds  so  that  they  may  be  returned  to 
the  proper  power  supply  in  the  best  possible  way. 

The  majority  of  the  current  that  flows  into  the  \V(  supply 
(Pin  24)  flows  out  (depending  on  the  DAC  input  code)  either 
the  ANALOG  COMMON  (Pin  18),  the  LADDER  COM.MON 
(Pin  17),  and/or  Iqut  (Pin  20). 

The  current  in  the  LADDER  COMMON  is  configured  to  be 
code  independent  when  the  output  current  is  being  summed 
into  a  virtual  ground.  If  Iqut  is  operated  into  its  own  output 
impedance  (or  in  any  unbuffered  voltage  output  mode)  the 
current  in  LADDER  COMMON  will  become  partially  code 
dependent. 

The  current  in  the  ANALOG  COMMON  (Pin  18)  is  an  approx- 
imate complement  of  the  current  in  lour,  i  e.,  zero  when  the 
DAC  is  at  full  scale  and  approximately  10mA  at  zero  input 
code. 

A  relatively,  consemt  conem  (not  code  dependent)  flows  out  the 
REFERENCEjGOAiA10N(Pin23).  : 

The  curreiit  flowing  out  of  the  Vee  supply  (Pin  22)  comes  from 
a  coifibination  of  rtfeftnce  ground  and  BIPOLAR  OFFSET 
(Pin  21).  The  plus  and  mihiis  ISV'su^Hesiiit  de^oapled  to  tUe 
REFERENCE  COMMON. 

The  ground  side  of  the  load  resistor  R,,,  ANALOG  COMMON 
and  LADDER  COMMON  should  be  tied  together  as  close  to 
the  package  pins  as  possible.  The  analog  output  voltage  is  then 
referred  to  this  node  and  thus  it  becomes  the  "high  quality" 
poiiiidtetdK>ADS68.  The  REFERENCE  COMMON  (and 
BipoijU*.4l£&£f  when^  not  used),  should  also  be  condiected  to  this 
node.  .sMti-  J 


positive  supply)  Bows  out  the  THRESHOLD  COMMON  (Kn 
14).  This  ground  pin  should  be  returned  directly  to  the  digital 
ground  plane  on  its  own  individual  line. 

The  +  5V  logic  supply  should  be  decoupled  to  the  THRESHOLD 

COMMON. 

Because  the  Vth  pin  is  connected  directly  to  the  DAC  switches 
it  should  be  decoupled  to  the  analog  output  signal  common. 

In  order  to  preserve  proper  operation  of  the  DAC  switches,  the 
digital  and  analog  ^unds  need  to  eventually  be  tied  together. 
This  connection  between  the  ground  planes  should  be  made 
Within  1/2"  of  the  DAC. 

The  Use  of  Ground  and  Power  Planes 

If  used  properly,  ground  planes  can  perform  a  myriad  of  functions 
on  high-speed  circuit  boards:  bypassing,  shielding,  current 
transport,  etc.  In  mixed  signal  design,  the  analog  and  digital 
portions  of  the  board  should  be  distinct  from  one  another,  with 
the  analog  ground  plane  covering  analog  signal  traces  and  the 
^gitai  ground  plane  confined  to  areas  covering  digital  interconnect. 

The  two  ground  planes  should  be  connected  at  or  near  the 
DAC.  Care  should  be  taken  to  insure  that  the  ground  plane  is 
uninterrupted  over  crucial  signal  paths.  On  the  digital  side,  this 
includes  the  digital  input  lines  running  to  the  DAC  and  any 
clock  lines.  On  the  analog  side,  this  includes  the  DAC  output 
signal  as  well  as  the  supply  feeders.  The  use  of  wide  runs  or 
planes  m  the  routing  of  power  lines  is  also  recommended.  This 
serves  the  dual  fiihction  of  providing  a  low  series  impedance 
power.  supply  to  the  part  as  well  as  providing  some  "&«^'  cqpadlive 
decoiqding  to  the  appropriate  ground  jdaoe.  Figure  ISilli^tiates 
the  PC  Imard  tisedibr  tfae^circuit  diown  JiT  Kgare  13. 'l%is' 
design  was  constructed  on  a  simple  two^HjFer  bf^ud  and  illustrates 
many  of  the  points  discussed  above.  Uxpsae  la>^  <rf  intjwrrniniygt 
are  available,  even  better  results  are  possible.  ^ 

Using  The  Right  Bypass  Capacitois 

Probably  the  most  important  external  components  associated 
with  any  high-speed  design  are  the  capacitors  used  to  bypass  the 
power  supplies.  Both  selecdon  and  placement  of  these  capacitors 
can  be  critical  and,  to  a  large  extent,  dependent  upon  the  specifics 
of  the  system  configurations.  The  dominant  considerafion  in 
selection  of  bypass  capacitors  for  the  AD56S  is  minimization  of 
series  resistance  and  inductance.  Many  capacitors  will  begin  to 
look  inductive  at  20MHz  and  above,  the  very  frequencies  we  are 
most  interested  in  bypassing.  Ceramic  and  film-type  capacitors 
generally  feature  lower  series  inductance  than  tantalum  or  elec- 
trolytic types.  A  few  general  rules  are  of  universal  use  when 
a^roaching  the  problem  of  bypassing: 

Bypass  capacitors  should  be  installed  on  the  printed  circuit 
board  with  the  shortest  possible  leads  qimsistent  with  reliable 
construction.  This  helps, to  rninimjz;  serK?  inductimce  in.  tfaei , 
leads.  Ohijp  capadtctrf.aie  qptiiqal  in  this^pect.  ,  [, 

Some  senK  inductance  between  the  DAC  siqipljr  pins  and  llie<  : 
power  wj^y  plane  often  helps  to  filter  lOutlii^Wteiueiicy  . 

small  fecrite  bead.  .  ! '  o 
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Component  Side 


ee 


Foil  Side 

■  Figt^re-I^,,  Pri^X^  Qifcuit  Board  Layout 

Hig^-S^cisd  Iitteieoiuiecl  and  Rdudng 

It  is  essential  that  care  be  taken  m  the  signal  and  power  ground 
circuits  to  avoid  inducing  extraneous  voltage  drops  in  the  signal 
ground  paths.  It  is  suggested  that  all  connections  be  short  and 
direct,  and  as  physically  close  to  the  package  as  possible,  so  that 
the  length  of  any  conduction  path  shared  by  external  components 
will  be  minimized.  When  runs  exceed  an  inch  or  so  in  length, 
some  type  of  termination  resistor  may  be  required.  The  necessity 
and  value  of  this  resistor  will  be  dependent  upon  the  logic  &mily 
used. 

For  maximum  ac  performance,  the  DAC  should  be  moimted 
directly  to  the  cSrcuit  boardi  sockets  should  not  be  used  as  they 
introduce  unwamd&  Q[^p)idtiM'coa|illiag  'betwe«a^^^^  pins 
of  the  device. 
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Applications 


1m.s,  12-bit  successive  approximation  a/d 
converter 

The  ADS68's  unique  combination  of  high  speed  and  true  12-bit 
accuracy  can  be  used  to  construct  a  12-bit  SAR-type  A/D  converter 
with  a  sub-)is  conversion  time.  Figure  19  shows  the  configuration 
used  for  this  application.  A  negative  analog  input  voltage  is 
ODDverted  into  current  and  brought  into  a  summing  jimction 


with  the  DAG  current.  This  siunming  junction  is  bidirectionally 
dami^  with  two  Shottky  diodes  to  limit  its  voltage  excursion 
fi<6m  groiud.  This  voltage  is  differentially  amplified  and  passed 
to  a  high-speed  comparator.  The  comparatw  output  is  latched 
and  fed  back  to  the  successive  ^>proximation  register,  which  is 
then  clocked  to  generate  tfie  next  set  of  codes  for  the  DAC. 


•  CONVERSION  COMPLETE 

-  START  CONVERT 

-  CHPENABtl 


Q1  -  OS  RCA  CA3127  ARRAY  AS  PER 
"BUILD  YOUR  OWN  AID  CONVERTER 
FOR  OPTIMUM  PERFORMANCE."  EON. 
MARCH  20.  1988,  PAGE  196. 


Figure  19.  ADS68  1ns  Successive  Approximation  A/D  Application 


Circnit  Details 

Figure  20  shows  an  appnaumate  tuning  budget  for' tiie  A/D 
converter.  If  12  cycles  are  to  be  completed  in  l|jis,  approximately 
80ns  is  allowed  for  each  cycle.  Since  the  Shottky  diodes  damp 
the  voltage  of  the  summing  junction,  th$  QAC  settling  time 
apiiroaches  the  current-settling  value  of  3Sns,  and  hence  uses  up 
less  than  half  the  timing  budget. 

To  maintain  simplicity,  a  simple  dock  is  used  that  runs  at  a 
constant  rate  throughout  the  conversion,  with  a  duty  cycle  of 
approximatdy  90%.  If  absolute  speed  is  worth  the  additional 
complexity,  the  clock  frequency  can  be  increased  as  the  conversion 
progresses  since  the  DAC  must  settle  from  increasingly  smaller 
steps. 

When  seeking  a  cycle  time  of  less  than  100ns,  the  delays  generated 
by  the  older  generation  SAR  registers  become  problematic. 
Newer,  higher  speed  SAR  logic  chips  are  becoming  available  in 
the  cUssic  2504  pinout  that  cuts  the  logic  overhead  in  half.  One 
example  of  this  is  Zyrel's  ZR2504. 

Finding  a  comparator  capable  of  keeping  up  with  tliis  DAC 

arrangement  is  fairly  difficult:  it  must  respond  to  an  overdrive 
of  250(jlV  (ILSB)  in  less  than  25ns.  Since  no  inexpensive  com- 


parator exists  with  these  specs,  special  arrangements  must  be 
made.  The  LT1016  comparator  provides  relativdy  quick  response, 
but  requires  at  least  5mV  of  overdrive  to  maintain  this  speed.  A 
discrete  preamplifier  may  be  used  to  amplify  the  summing  junction 
voltage  tp  sufBciently  overdrive  the  comparator.  Care  must  be 
exercised  in  the  layout  of  the  preamp/comparator  block  to  avoid 
introdudng  comparator  instability  with  the  preamp's  additional 
gain. 


SAR 
DELAY 


DAC  SETTLING 


PREAMP  COMPARATOR 
DELAY  DELAY 


ions 

35ns 

15ns 

10ns  1  10ns 

,  CLOCK 
1  PULSE 


n    \    \    I    \    I    1  r 

10ns   20m    3lhis    40ns    50ns    60ns    70ns  80ns 


START  OF 
CLOCK  CYCLE 


t  ♦ 


LATCH  COMPARATOR 

Figure  20.  Typical  Clock  Cycle  for  a  Ifis  SAR  A/D  Converter 


.<REV.  A 


AD568 


HIGH-SPEED  MULTIPLYING  DAC 

A  powerful  use  for  the  AD568  is  found  in  multiplying  applications, 
where  the  DAC  controls  the  amplitude  of  a  high-speed  signal. 
Specifically,  using  the  AD568  as  the  control  voltage  input  si^pal 
for  the  AD539  60MHz  analog  multiplier  and  AD5539  wiiilPrbmui 
op  amp,  a  high-speed  multiplying  DAC  can  be  built.,,, 

In>th&xq]plicatipn'Showiii  m  'Figure  2Iy  liae  M3S6&  is  used  in  a 
buffeied>.voltage  output  mode  to  gemmtettimii^  to  the  ADS39's 
control  channel.  The  speed  of  the  ^ISM«ttM$  ««rerslunpling 
of  the  control  signal  waveform  voltage,  thereby  providing  increased 
spectral  purity  of  the  amplitude  enveltqw  that  modulates  the 
1^^^^^    analog  input  channels. 

The  ADS68  is  configured  in  the  unbuffered  imipolar  output 
mode.  The  internal  200n  load  resistor  creates  the  0-lV  FS 
output  signal,  which  is  buffered  and  amplified  to  a  0-3V  range 

suitable  for  the  control  channel  of  the  AD539. 

A  soon  input  impedance  exists  at  Pin  1,  the  input  channel.  To 
provide  a  buffer  for  the  0-lV  output  signal  from  the  AD568 
looking  into  the  impedance  and  to  achieve  the  full-scale  range, 
the  AD841,  high-speed,  fast  settling  op  amp  is  included.  The 
gain  of  3  is  achieved  with  a  2ktl  resistor  configiued  in  follower 
mode  with  a  IkSl  ix>trand  SOOil  tesi^^,  A  20kn  pot  with  con- 


nections MTins  37^  and  12  is  provided  for  offset  trim. 

The  ADS39  can  accept  two  separate  input  signals,  each  with  a 
nominal  full-scale  voltage  range  of  ±  2V.  Each  signal  can  then 
be  simultaneously  controlled  by  the  ADS68  si^ial  at  the  common 
input  channel,  Vx-  The  current  outputs  from  the  two  signal 
channels,  Pins  11  and  14,  applied  to  the  ADSS39  in  a  subtracting 
cbnfiguraticfii,  provide  the  voltage  output  signal: 

D      Vy,  -  Vy2 
Vo,;t  =  77iH2  X  ^^4v^   (0  ^  D  ^  4095) 


4096 


For  applications  where  only  a  single  channd  is  involved,  rhannel 
2,  Vy2,  is  tied  to  ground.  This  provides: 

Vo«T=4^x^   (0.DC  4095) 

Some  AD539  ciroiit  details:  The  control  amplifier  compensation 
capacitor  for  Pin  2,  Cc,  must  have  a  minimum  value  of  3000pF 
to  provide  circuit  stability.  For  improved  bandwidth  and  feed- 
through,  the  feedthrough  capacitor  between  Pins  1  and  2  should 
be  5-20%  of  Cc.  A  Schottky  diode  at  Pin  2  can  improve  recovery 
time  from  small  negative  values  of  Vx-  Lead  lengths  along  the 
■  path  of  the  high-speed  signal  from  AD568  shoiJd  be  kept  at  a 
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ANALCXa 
DEVICES 


16-Bit  Monotonic 
Voltage  Output  D/A  Converter 


FEATURES 

Guaranteed  16-Bit  Monotonicity 
MonolitKic  BiMOS  II  Construction 
±0.01%  Typieal  Nonlinearlty 

-  8- and  16-Bit  Bus  Compatibility   

3|ts  Settling  to  16-Bits  ' 
Low  Drift 
Low  Power 

Low  Noise  | 

APPLICATIONS 
Robotics 

Closed-Loop  Positioning 
High-Resolution  ADCs 
Microprocessor-Based  Process  Control 
MIL-STDt^mx^KpilHi  IMtmlons  Avaibiile 

PRODUCT  DESCRIPTION 

The  AD569  is  a  monolithic  16-bit  digital-to-analog  converter 
(DAC)  manufactured  in  Analog  Devices'  BiMOS  II  process. 
BiMOS  II  allows  the  fabrication  of  low  power  CMOS  logic 
functions  on  the  same  chip  as  high  precision  bipolar  linear  circuitry. 
The  AD569  chip  includes  two  resistor  strings,  selector  switches, 
decoding  logic,  buffer  amplifiers,  and  double-buffered  input 
latches. 

The  AD569's  voltage-segmented  architecture  insures  16-bit 
monotonicity  over  time  and  temperature.  Integral  nonlinearlty  is 
maintained  at  ±0.01%,  while  differential  nonlinearlty  is 
±0.0004%.  The  on-chip,  high-speed  buffer  amplifiers  provide  a 
voltage  output  settling  time  of  3(jls  to  within  ±0.001%  for  a 
full-scale  step. 

The  reference  input  voltage  which  determines  the  output ^range 
can  be  either  imipolar  or  bipolar.  Nominal  reference  range  is 
±  5V  and  separate  reference  force  and  sense  connections  are 
provided  for  high  accuracy  applications.  The  ADS69  can  operate 
with  an  ac  reference  in  multiplying  applications. 

Data  may  be  loaded  into  the  ADS69's  input  latches  &om  g-  and 
16-bit  buses.  The  double-buffered  structure  simplifies  8-bit  bus 
interfacing  and  allows  multiple  DACs  to  be  loaded  asynchronously 
and  updated  simultaneously.  Four  TTL/LSTTL/5V  CMOS- 
compatible  signals  control  the  latches:  CS,  LBE,  HBE,  and 
LDAC. 

The  ADS69  is  available  in  five  grades:  J  ^d  K  versions  are 
specified  from  0  to  -H  70°C  and  are  packaged  ^  a  2g-pin  plastic 
DIP  and  28-pin  PLCC  package;  AD  and      ver^ons  are  specified 
ftqm  -25°C  to  +ii°C  and  are  packaged  Jn.a  2$-pin  ceramic 
DIP.  The  SD  version,  also  in  a  28-pin  ceramic  DIP,  is  specified 
ftom  -SSXto  -l-125'C. 
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PRODUCT  HIGHLIGHTS 

1 .  Monotonicity  to  16  bits  is  insi^ed  by  the  AD569's  voltage- 
segmented  architecture. 

2.  The  output  range  is  ratioraetric  to  an  external  reference  or  ac 
signal.  Gain  error  and  gain  drift  of  the  AD569  are  negligible. 

3.  The  AD559's  versatile  data  input  structure  allows  loading 
from  8-  and  16-bit  buses. 

4.  The  on-chip  output  buffer  amplifier  can  supply  ±  5V  into  a 
Ikn  load,  and  can  drive  capacitive  loads  of  up  to  lOOOpF. 

5.  Kelvin  connections  to  the  reference  inputs  preserve  the  gain 
and  offset  accuracy  of  the  transfer  function  in  the  presence  of 
wiring  resistances  and  ground  currents. 

6.  The  ADS69  is  available  in  versions  compliant  with  MIL-STD- 
883.  Refer  to  the  Analog  Devices  Military  Products  Databook 
or  current  ADS69/883B  data  sheet  for  detailed  specifications. 
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Model 
Parameter 


AD569JN/JP/AD 
Min        Typ  Max 


AD569KN/KP/BD 
Min        Typ  Max 


AD569SD 
Min  Typ 


Max 


RESOLUTION 
LOGIC  INPUTS 
ViH  (Logic"!") 
ViL  (Logic  "0") 
IiH{Vm  =  5.5V) 
Iil(V,l  =  OV) 


Ifi 


2.0  ' 
0 


'Oil 


5.5 
0.8 
10 
10 


2.0 
0 


1« 

5.5 
0.8 
10 
10 


2.0 
0 


16 

5.5 
0.8 
10 
10 


TRANSFER  FUNCTION 
CHARACTERISTICS 
Integral  Nonlinearity 

Tm„toT„„ 
Differential  Nonlinearity 

T^toT^ 
Unipolar  Gitet^ 

T^toT™, 
Bipolar  Offilet^ 

T,^toT,,„ 
Full  Scale  Error' 

TjoiD  to  Tqq^ 
Bipolar  Zero^ 

T,^toTmi 


±0.02 
±0.02 
±1/2 
±1/2 


±0.04 

±0.04 

±1 

±1 

±500 

±750 

±500 

±750 

±350 

±750 

±0.04 

±0.04 


±0.01 
±0.020 
±1/4 
±1/2 


±0.024 

±0.024 

±1/2 

±1 

±350 

±450 

±350 

±450 

±350 

±750 

±0.024 

±0.024 


±0.04 

±0.04 

±1 

±1 

±500 

±750 

±500 

±750 

±350 

±750 

±0.04 

±0.04 


REFERENCE  K}PP:r. 
+  Vref  Range' 
-Vref  Range' 
Resistance 


-5 
-5 
15 


20 


+  5 
+  5 
25 


-5 
-5 
15 


20 


+  5 
+  5 
25 


-5 
-5 
15 


+  5 
+  5 
25 


OCTPUTCHARACTHUSnCS 
Voltage 

Capacitive  Load  .'-  .  ^ 

Resistive  Load 
Short  Circuit  Current 


+5 
1000 


-5 
1 


+5 
1000 


10 


10 


PPWERSUPPLIES 
Voltage 

+  Vs 
-Vs 

-Is 

-.  Power  Supply  Sensitivity^ 
+  10.8V:£  +  Vs^  + 13.2V 
-10.8V2!-Vs2- 13.2V 


+  10.8  +12 
-10.8  -12 


7(+» 

-9 


±0.5 
±1 


+  13.2 

-13i.2 


<+13 
-13 


±2 
±3 


+  10.8 
-10.8 


+  12 

-12 


+  9 

-9 


±0.5 
±1 


+  13.2 
-13.2 


+  13 
-13 


±2 
±3 


+  10 

-10, 


8  +12  +13.2 
.8      -12  -13.2 


-9 


±0.5 
±1 


-13 


±2 
±3 


lEMPERATURE  RANGE 
Spef^Sed 

jnIkn.jp.kp 

AD,BD 
SD 
Storage 
JN,KN,JP,KP 
Ab,BD,SD 


-25 


-65 
-65 


+  70 
+  85 


+  150 
+  150 


-25 


-65 
-65 


+  85 


+  150 
+  150 


-55 


-65 


+  125 


+  150 


NOTES 

'FSR  stands  for  FuU-Scale  Range,  and  is  lOV  for  a  -  S  lo  +  S  V  span. 
'Refer  to  Definitions  section. 

'For  operation  with  suppUes  other  than  ±  12V,  refer  to  the  Power  Supply 

and  Reference  Voltage  Range  Section. 
^Measured  between  +  Vref  Force  and  -  Vref  Foiee, 
'SensitivityofFull-ScaleErnirduetockangesin  +VsandwiisiIttjQr 

ofOCbettochanges  in  -  Vs. 
Spedfiiatianaai^iitSi^jW^irithaatnodGe. 


Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final 
electrical  test .  Results  from  those  tests  are  used  to  calculate  outgoing  quality 
levels.  All  min  and  max  sprcifiraitions  ate  guaranteed,  alflK«iglioiily  .tiio»e 
shown  in  boldfaee  are  tested  on  all  production  units. 


lliMcharictBiKlteaiBincb^ 

+1^=  t1»i  -Vs=  -1»;+«b=  *^'~V=.  -SVaxcaptwharailiiaii. 


Parameter 


Units 


Test  Conditions/Coiiiments 


Output  Voltage  Settling 
(Time  to  ±  0.001%  FS 
ForFS  Step) 

Digital-to-Analog  Glitch 


Midtipljniig  Feediliroiigh 

Output  Noise  Voltage 
Density  (IkHz-lMHz) 


5 
3 
6 
4 

500 


-100 


40- 


|ji,smax 

M-styp 

M^smax 

(istyp 

nV-sectyp 

dBmaz 


No  Load  Applied   

(DAC  output  measured  from  falling  edge  of  LDAC .) 

VourLoad  =  lkn,CLOAD  =  lOOOpF.   

(DAC  output  measured  from  falling  edge  of  LDAC.) 

Measiu-ed  with  Vref  =  OV.  DAC  registers  alternatively  loaded 

with  input  codes  of  SOOOh  aaSMVBu 

transition).  Load  =  IkO. 

+  Vref  =  IVrmsintHzsnemve, 

-Vbef  =  OV  ^ 

.  Alcvniitd  bct^N^en  Vqi^tt  ~V ref 


TIMING  CHARACTERISTICS(+Vs=  +i»,-Vs=  -i»,VM  =  24v,VL=a4v.utou 


d^At 


tHB 


tHCS 


120 

60 

20 

70 

80 

20 

120 

10 

120 

120 

80 

20 

120 

10 


Units 


nsmin 

ns  min 
nsmin 

ns  min 
nsmin 
ns  min 
nsmin 
nsmin 
nsmin 

nsmin 
ns  min 
ns  min 
nsmin 
nsmin 


TestComiitims/Comments 


ISOnsPtifeeonHBE.LBE.andLDAC 
Tins  =  14eiittMin,Ti«['-  lOtamia  '      -  " 
CS  Pulse  Width  '  ■        ■■■  ■  ' 

csDaut  Setup  •nasE  

CS  Data  Hold  Time 

None   - 

HBE.LBE  Pulse  Width 
HBE,  LBE  Data  Setup  Time 
HBE,  LBE  Data  Hold  Time 
CS  Setup  Time 
CS  Hold  Time 
LDAC  Pulse  Width 

None  

HBE,  LBE  Pulse  Width 
HBE ,  LBE  Data  Setup  Time 
HBE,  LBE  Data  Hold  Time 
CS  Setup  Time 
CS  Hold  Time 


.'..■I ,-.  -.  - 


■  IJ  .Ao'iraajah  ■-■ 


NOTES  _ 

'Write  strobe  applied  to  CS  as  shown  in  Figure  20a.  Address  decodiog defines  which 
iegistef(s)datais  strobed  into  (see  Figure  1).   

iPnte  strobe  applied  to  HBE  and/or  LBEas  in  Figure  19  or  ap]Hied  to  LDAC 
lepfliately.  DAC  base  address  applied  to  CSCsee  Figure  2a). 

^rilesiiobe  applied  to  LDAC  and  either  HBE  or  XJBEewsynchraiMus  load  of  16-bit  DAC 
icgisteririthaneaf  the  8-bit  iirsc-raiikregisteisasshomi  in  Figure  20b  S«fKg|^^I^T 't 


Figure  2a.  AD569  Timing  Diagram  -  Case  B 


Figurel.  ADS^TJmmgBiageamvtkmefA:!  -    i.v'::.  i  •         i  ..^gilfmSSI>>.!A^69Tlming  Diagram-CaseC 
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DIGITAL-TO-ANALOG  CONVERTERS  2-85 


AD569 


ABSOLUTEMAXIMUMRATINCT*  — ^  "     " ' 

(Ta  =  +25°Cuiile«s  otherwise  noted) 

+ Vs  (Pin  1)  to  GND  (Pin  18)   +  18V,  -  0.3V 

-  Vs  (Pin  28)  to  GND  (Pin  18)  -  18V.  +0.3V 

+  Vs  (Pin  1)  to  -Vs(Pin28)  +26.4V,  -0.3V 

Digitallnputs 

(Pins  4-14,  19--27)  to  GND  (Pin  18)   +Vs,  -0.3V 

+  Vref  Force  (Pin  3)  to  +  Vref  Sense  (Pin  2)  ....  ±  16.5V 
-Vref  Force  (Pin  15)  to  -  Vref  Sense  (Pin  16)  .  .  .   ±  16.5V 

Vref  Force  (Pins  3,  15)  to  GND  (Pin  18)  ±Vs 

Vref  Sense  (Pins  2,  16)  to  GND  (Pin  18)  .  .  ±Vs 


Vour  (Pin  17)   .   IndeSnite  Short  to  GND 


Power  Dissipation  (Any  Package)  lOOOmW 

Operating  Temperature  Range 
Commercial  Plastic  (JN,  KN,  JP,  KP  Versions)  .  0  to  +  70°C 
Industrial  Ceramic  (AD,  BD  Versions)  .  .  -25°Cto+85°C 
Extended  Ceramic  (SD  Versions)  -  55°C  to  +  125°C 

Storage  Temperature  -  65°C  to  +  150°C 

Lead  Tempentiue  Range  XSntdering,  lOaecs)  _  -t-300^ 

'Stieaes  above  those  listed  under  "Abaolute  Maximum  Ratings"  may 
cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and 
functional  opention  of  the  device  at  these  or  any  other  conditions  above 
dnae  indicMwl  in  die  operational  sections  of  this  spedficalion  is  not 
implied.  '  B^oaure  to  absolute  m»»im«m  rating  conditions  for  extended 
pecndtnairaffieetde^ceteUibiliQr.  ; 


WARNING!  ^-<1 


ESD  SENSITIVITY   

The  AD569  features  input  protection  circuitry  consisting  of  large  "distributed"  diodes  and  polysilicon 
series  resistors  to  dissipate  both  high-energy  discharges  (Himian  Body  Model)  and  fast,  low-energy 
pulses  (Charged  Device  Model).  Per  Method  3015.2  of  MIL-STD-883C,  the  AD569  has  been  classified 
as  a  Category  A  device. 

Proper  ESD  precautions  are  strongly  recommended  to  avoid  functional  damage  or  performance  degra- 
dation. Charges  as  high  as  4000  vohs  readily  accumulate  on  the  human  body  and  test  equipment  and 
discharge  without  detection.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts,  and  the 
foam  should  be  discharged  to  the  destination  socket  before  devices  are  removed.  For  further  informa- 
tion on  ESD  prec;!i- ono  Analog  Devices' ESD  Prevention  Uanual. 


PIN  DESIGNATIONS 


.f  Vb  sense  y 

^Viar  FORCE  [ 
DBS  [ 

089  [ 
DB1o[ 
Dsn  [ 

hbe£ 

D812[ 
DB13[ 
DB14[ 
(MSB!  DB15  [ 
5s[ 


"StI  dbo  (lsb) 

IsIdbi 

"25)082 

AD569 

TOP  VIEW 

(Not  to  Scale} 

"22!  064 

DBS 

"zoIdbs 

Tsl  DB7 

171  GND 

ITI  -Vr^  sense 

Isl -V— .  FOHCE 

l«Jl^|»j|«|l«J[;nJ|«J 


I  18 
1 


B  S  i  >°  5 


S  1 
J  J 


WDEKING  GUIDE 


Model' 

Integral  Nonlinearity 

Differential  Nonlinearity 

Temperature 
Range 

Package 
Option^ 

■(-25°C 

-l-25°C 

AD569JN 

±0.04% 

±0.04% 

±1LSB 

±1LSB 

Oto  +70''C 

N-28 

AD569JP 

±0.04% 

±0.04% 

±1LSB 

±1LSB 

0to-l-70°C 

P-28A 

AD569KN 

±0.024% 

±0.024% 

±  i/;;lsb 

±1LSB 

Oto  +70°C 

N-28 

AD569KP 

±0.024% 

±0.024% 

±  1/;'.LSB 

±1LSB 

Oto  -l-70°C 

P-28A 

AD569AD 

±0.04% 

±0.04% 

±  ILSB 

±1LSB 

-25°Cto  -l-85°C 

D-28 

ADS69BD 

±0.024% 

±0.024% 

+  1/2LSB 

±1LSB 

-25°Cto-l-85°C 

D-28 

ADS69SD 

~±().04% 

±1LSB 

-SS°Cto+42S°C 

-D-28 

NOTES  -  -         .   ■  v;..^ 

'For  details  on  grade  and  package  offerings  screened  in  aoca(dancewiihMIL-STD-n3,ie(er  to  the  Anal^B^ 
Pnxiucta  Databook  or  ctirrent  AD56Wg83B  datasheet. 
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AD569 


FUNCTIONAL  DESCRIPTION 

The  AD569  consists  of  two  resistor  strings,  each  of  which  is 
divided  into  256  equal  segments  (see  Figure  3).  The  SMSBs  of 
the  digital  input  word  select  one  of  the  256  segments  on  the 
first  string.  The  taps  at  the  top  and  bottom  of  the  selected  segment 
are  connected  to  the  inputs  of  the  two  buffer  amphfiers  Al  and 
A2.  These  amplifiers  exhibit  extremely  high  CMRR  and  low 
bias  current,  and  thus  accurately  preserve  the  voltages  at  the  top 
and  bottom  of  the  segment.  The  buffered  voltages  from  the 
segment  endpoints  are  applied  across  the  second  resistor  string, 
where  the  SLSBs  of  the  digital  input  word  select  one  of  the  256 
taps.  Ouqinit  amplifio:  A3  buffers  this  voltage  and  delivers  it  to 
the  output. 

Buffer  amplifiers  Al  and  A2  leap-frog  up  the  first  string  to 
preserve  monotonicity  at  the  segment  boundaries.  For  example, 
when  increasing  the  digital  code  from  OOFFh  to  OIOOh,  (the 
first  segment  boundary),  Al  remains  connected  to  the  same  tap 
on  the  first  resistor,  while  A2  jumps  over  it  and  is  coimected  to 
the  tap  which  becomes  the  top  of  the  next  segment.  This  design 
guarantees  monotonicity  even  if  the  amplifiers  have  offset  voltages. 
In  fact,  amplifier  offset  only  contributes  to  integral  linearity 
cnor. 
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CAUTION 

It  is  generally  considered  good  engineering  practice  to  avoid 
inserting  integrated  circuits  into  powered-up  sockets.  This 
guideline  is  especially  important  with  the  ADS69.  An  empty, 
powered-up  socket  configures  external  buffer  amplifiers  in  an 


open-loop  mode,  forcing  their  outputs  to  be  at  the  positive  or 
negative  rail.  This  condition  may  result  in  a  large  current  surge 
between  the  reference  force  and  sense  terminals.  This  current 
suige  may  penmuiraitly  damage  the  4D|6% 


ANALOG  CntCUITDETAnS  ^  r 

DcfindioBS 

LINEARITY  ERROR:  Analog  Devices  defines  linearity  error 
as  the  maximum  deviation  of  the  actual,  adjusted  DAC  output 
from  the  ideal  output  (a  straight  line  drawn  from  0  to  FS-ILSB) 
for  any  bit  combination.  The  ADS69's  linearity  is  primarily 
limited  by  resistor  imiformity  in  the  first  divider  (upper  byte  of 
16-bit  input).  The  plot  in  Figure  4  shows  the  ADS69's  typical 
linearity  error  across  the  entire  output  range  to  be  within  ±  0.01% 
of  full  scale.  At  25°C  the  maximum  lineariqr  error  Se^r  the 
AD569JN,  AD  and  SD  grades  is  specified  to  be  ±6^6f^?6,  w4 
±0.024%  for  the  KN  and  BD  versions. 


1 1  I  I  I  1  I  I  I  If  I  I i I 

CODE  (HEX) 


4.  Typical  Linearity 


MONOTONICITY:  A  t>AOis  mraiotoiiic  if  the  output  either 
increases  or  remaim  conxtaat  for  incieasiiig  digital  i|ipvASi„All 
vernons  of  the  ADS69  are  monotonic  over  th^  fiill  operstiag 
temperature  range. 

DIFFERENTIAL  NONUNEARITY:  DNL  is  the  measure  of 
the  change  in  the  analog  output,  normalized  to  fiill  scale,  associated 
with  a  ILSB  change  in  the  digital  input  code.  Monotonic  behavicK- 
rcquireS;lfaM:Jlie:#Ba»id(i  Jinearuy  mw  betess  than  ILSB 
over  the  temperktoie  hmge  of  interest.  For  Example,  for  a  ±  SV 
output  range,  a  change  of  ILSB  in  digital  input  code  should 
result  in  a  lS2|i.V  change  in  the  analog  output  (ILSB  =  lOV/ 
65,536).  If  the  change  is  actually  38plV,  however,  the  differential 
linearity  error  would  be  -  114(i,V,  or  -3/4LSB.  By  leapfrogging 
the  buffer  amplifier  taps  on  the  first  divider,  a  typical  ADS69 
keeps  DNL  within  ±  38|jlV  ( ±  1/4LSB)  around  each  of  the  256 
segment  boundaries  defined  by  the  upper  byte  of  the  input 
word  (see  Figure  5).  Within  the  second  divider,  DNL  also 
typically  remains  less  than  ±  38^,V  as  shown  in  Figure  6.  Since 
the  second  divider  is  independent  of  absolute  veltagey  DNL  is 
the  same  within  the  rest  of  the  256  segments. 

OFFSET  ERROR:  The  difference  between  the  actual  analog 
output  and  the  ideal  output  ( —  Vref)>  with  the  inputs  loaded 
with  all  zeros  is  called  the  offset  error.  For  the  AD569,  Unipolar 
Offset  is  specified  with  OV  applied  to  -  Vref  and  Bipolar  Offset 
is  specified  with  -  SV  applied  to  -  Vref.  Either  offset  is  trimmed 
by  adKWiog  the.Tologeyai^tUed  to  the -Vj^  tenninals^ 

BIPOLAR  ZERO  BtROl^^  d/sm^  iSilm^^i^ 
from  the  ideal  half-scale  output  of  O.OOOOV  when  the  i]q>nts  are 
loaded  with  8000h  is  called  the  Bipolar  Zero  Error.  For  the 
A|>56^/l,iS  Hi^^^wiU^^^SV  i 

tgrfninfllK. 
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Figure  5.  Typical  DNL  at  Segment  Boundary  Transitions 
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b.  Segment  256, 
Figure  6.  Typi^  DNL  Within  Segtfim^ 


MULTIPLYING  FEEDTHROUGH  ERROR:  This  is  the  error 
due  to  capadtiye  feedtbrogigh  from  the  reference  to  the  output 
with  the  iiqmt  registers  loaded  with  all  zeroes. 

FULL-SCALE  ERROR;  The  ADS69's  voltage  dividing  ar- 
chitecture gives  rise  to  a  fixed  full-scale  error  which  is  independent 
of  the  reference  voltage.  This  error  is  trimmed  by  adjusting  the 
voltage  applied  to  the  +Viief  terminals. 

DIGITAL-TO-ANALOG  GLITCH  IMPULSE:  The  charge 
injected  into  the  analog  output  when  a  new  input  is  latched  into 
the  DACv^kki^t^iSitiiiM  fii^^tcHAtiijijir^i&lib^palse: 


2-88  DIGITAL-TO-^ANALOG  CONVERTERS 


wiA  die  reference  cannections  tied  to  ground.  It  is  specified  as 
the  area  of  the  glitch  in  nV-secs. 

TOTAL  ERROR:  The  worst-case  Total  Error  is  the  sum  of  the 
fixed  full-scale  and  offset  errors  and  the  linearity  error. 

IK)WER  SUPPLY  AND  REFERENCE  VOLTAGE  RANGES 

The  ADS69  is  specified  for  operation  with  ±  12  volt  power 
supplies.  With  ±  10%  power  supply  tolerances,  the  maximum 
i^»aoe  vohage  range  is  ±  5  volts.  Reference  voltages  up  to 
±6  vdit^  cail  bii'used  tint  Bio^ty  will  degrade  if  supplies 
approach  their  lower  limits  of  ±  10.8  volts  (12  volts  -  10%). 

If  ±  12  volt  power  supplies  are  unavailable  in  the  system,  several 
alternative  schemes  may  be  used  to  obtain  the  needed  supply 
voltages.  For  example,  in  a  system  with  ±  I5V  supplies,  a  single 
Zener  diode  can  be  used  to  reduce  one  of  the  supplies  to  9  volts 
with  the  remaining  one  left  at  IS  volts.  Figure  7a  illustrates  this 
Sdieme.  A  1N7S3A  or  equivalent  diode  is  an  appropriate  choice 
&  the  tadc.  Asymmetrical  power  supplies  can  be  used  since  the 
ADS<i9'S  dnqnit  is  referenced  to  —  Vrqi  only  and  thus  fldats 
idative  to  logic  ground  (GND,  Pin  18).  Assuming  a  worst-Case  ~ 
±  l.S  volt  tolerance  on  both  supplies  (10%  of  IS  volts),  the 
maximum  rrference  voltage  ranges  would  be  +6  and  ^2<  Volts 
for  +Vs  =  +15V  and  -Vs  =  -9V,  and  +2  to  -8  volts  for 
-l-Vs  =  9Vand -Vs  =  -15V.  ■ 

Altenuttel^;  two  3V  Zma  diodes  or  volta^  regulators  can  be 
used  to  drop  each  ±  IS  volt  supply  to  ±  H  vblts,  respectively. 
In  Figure  7b,  1N746A  diodes  are  a  good  choice  for  this  task. 

A  third  method  may  be  used  if  both  ±  1 5  volt  and  ±  5  volt 
suppUes  are  available.  Figure  7c  shows  this  approach.  A  com- 
bination of  +  Vs  =  +  15V  and  —  Vs  =  —  5V  can  support  a 
reference  range  of  0  to  6  volts,  while  supplies  of  +  Vs  =  +  5V 
and  -  Vs  =  -  15V  can  support  a  reference  range  of  0  to  -  8 
volts.  Again,  10%  power  supply  tolerances  are  assumed. 

NOTE:  Operation  with  +Vs  =  +  5V  alters  the  input  latches' 
operating  conditions  causing  minimum  write  pulse  widths  to 
extend  to  l(t$  or  more.  Control  signals  CS,  HBE,  LBE,  and 
LDAC  should,  theiefine,'  tie  tied  fartr  to-tendor-die  latcihes 
transparent. 

No  timing  problems  exist  with  operation  at  +  Vs  =  9V  and 
—  Vs  =  —  15V.  However,  10%  tolerances  on  these  suppUes 
generate  a  worst-case  condition  at  — Vg  =  —  16.5V  and  +  Vs  = 
+  7.5V  (assimiing  +  Vs  is  derived  from  a  +  15V  supply).  Under 
these  conditions,  write  pulse  widths  can  stretch  to  200ns  with 
similar  degradation  of  data  setup  and  hold  times.  However^ 
±  0.75V  tolerances  ( ±  5%)  yield  minimal  effects  on  digital  timing 
with  write  pulse  widths  remaining  below  100ns. 

Finally,  Figure  7d  illustrates  the  use  of  the  combination  of  an 
AD588  and  AD569  in  a  system  with  ±  15  volt  suppUes.  As 
shown,  the  AD588  is  connected  to  provide  ±  5V  to  the  reference 
inputs  of  the  AD569.  It  is  doing  double-duty  by  simultaneously 
regulating  the  supply  voltages  for  the  AD569  through  the  use  of 
the  level  shifting  zeners  and  transistors.  This  scheme  utilizes  the 
capability  of  the  outputs  of  the  AD588  to  source  as  well  as  sink 
current.  Two  other  benefits  are  realized  by  using  this  approach. 
The  first  is  that  the  AD569  is  no  longer  directly  connected  to 
the  system  power  supplies.  Output  sensitiviQr  to  variations  in 
those  mpptia  is,  therefore,  BUmiimW^.  T3|6  second  benefit  is 
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that,  should  a  zener  diode  fail  (a  short  circuit  would  be  the  most 
likely  failure),  the  supply  voltage  decreases.  This  differs  from 
the  situation  where  the  diode  is  used  as  a  Series,  regulator.  In 
that  case,  a  failure  would  place  tlie  uiirq>ulatedisupply  voltage 
on  the  ADS69  temunal.  | 


a.  Zener  Regulates  Negative  Supply 


1N746A 


b.  Diodes  Regulate  Both  Supplies 

+  15V(  +  5V) 


-15V  I-5V1 

c.  Use  of  ±  15V  and  ±5V  Supplies 


d.  AD588  Produces  References  and  Supply  Voltages 
Figure  7.  Power  Supply  Optimm-^ 
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ANALOG  CIRCUIT  CONNECTIONS 

The  AD569  is  intended  for  use  in  applications  where  high  reso- 
lution and  stability  are  critical.  Designed  as  a  multiplying  D/A 
converter,  the  ADS69  may  be  used  with  a  fixed  dc  reference  or 
an  ac  reference.  Vref  niay  be  any  voltage  or  combination  of 
voltages  at  +  VpoRCE  V"!  ~  Vforce  that  remain  within  the 
bounds  set  for  reference  voltages  as  discussed  in  the  power 
supply  range  section.  Since  the  AD569  is  a  multiplying  D/A 
converter,  its  output  voltage,  Vqut,  is  proportional  to  the  product 
of  the  digital  input  word  and  the  voltage  at  the  reference  terminal. 
The  transfer  function  is  Vqut  =  D' Vref  where  D  is  the  fractional 
binary  value  of  the  digital  word  applied  to  the  converter  using 
offset-binary  coding.  Therefore,  the  output  will  range  from 
-Vref  for  a  digital  input  code  of  all  zeros  (OOOOi^  to  -^VI^BF 
for  an  input  code  of  all  ones  (FFFFh). 

For  applications  where  absolute  accuracy  is  not  critical,  the 
simple  i^erence  connection  in  Figure  8  can  be  used.  Using  only 
the  i^eieace  force  inputs,  this  configuration  maintains  linearity 
and  16-bit  monotonicity,  but  introduces  small,  fixed  offset  and 
gain  errors.  These  errors  are  due  to  the  voltage  drops  across 
resistors  Ra  and  Rb  shown  in  Figiue  9.  With  a  lOV  reference 
voltage,  the  gain  and  offset  errors  will  range  from  80  to  lOOmV. 
Resistors  Ra  and  Rb  were  included  in  the  first  resistor  string  to 
avoid  degraded  linearity  due  to  uneven  current  densities  at  the 
string's  endpoints.  Similarly,  linearity  would  degrade  if  the 
reference  voltage  were  connected  across  the  reference  sense 
terminals.  Note  that  the  resistance  between  the  force  and  sense 
terminals  caimot  be  measured  with  an  ohmmeter;  the  layout  of 
the  thin-film  resistor  string  adds  approximately  4kCl  of  resistance 
0ls)attttes|en»eup. 
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Figure  8.  Simple  Reference  Connection 
For  those  appUcations  in  which  precision  references  and  high 
accuracy  are  critical,  buffer  amplifiers  are  used  at  +  Vref  >nd 
-  Vref  as  shown  in  Figure  10  to  force  the  voltage  across  resistors 
Rl  to  R256.  This  insures  that  any  errors  induced  by  currents 
flowing  through  the  resistances  of  the  package  pins,  bond  wires, 
aluminum  interconnections,  as  well  as  Ra  and  Rb  are  minimized. 
Suitable  amplifiers  are  the  AD517,  AD  OP-07,  AD  OP-27,  or 
the  dual  amplifier,  the  AD712.  Errors  will  arise,  however,  as 
the  buffer  amplifiers'  bias  currents  flow  through  Rs  (4kn).  If 
the  bias  currents  produce  such  errors,  resistance  can  be  inserted 
at  the  noninverting  terminal  (Rbc)  of  the  buffer  amplifiers  to 
compensate  for  the  errors. 
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AD569 
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Figure  9.  MSB  Resistor  Divider 

Figures  11,  12,  and  13  show  reference  configurations  for  variou: 
output  ranges.  As  shown  in  Figure  11,  the  pin-programmable 
AD588  can  be  connected  to  provides  tracking  ±  5V  outputs 
with  l-3ppm/°C  temperature  stability.  Buffer  amplifiers  are 
included  for  direct  connection  to  the  AD569.  The  optional  gain 
and  balance  adjust  trimmers  allow  bipolar  offset  and  full-scale 
ei#ors'(o Ue  ntdted.  HLWi^^'Hi the  lowi'iaisi  ABSS6-pton^es' 


Figt£f>f  'm^nMNime  BiiiiMi^Ah^B^^rtrwaions 

+  5V  reference.  A  dual  op  amp,  the  AD712,  buffers  the  reference 
input  terminals  preserving  the  absolute  accuracy  of  the  AD569. 
The  optional  noise-reduction  capacitor  and  gain  adjust  trimmer 
allow  further  elimination  of  errors.  The  low-cost  AD584  offers 
2.5V,  5V,  7.5V,  and  lOV  options  and  can  be  connected  for 
±5V  tracking  outputs  as  shown  in  Figure  13.  Again,  an  AD712 
is  used  to  buffer  ti^e ) 
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Figure  1 1.  Ultralow  Drift  ±SV  Tracldrtg^  Reference 
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Figure  13,  Low-Cost  ±5\/  Tracking  Reference 


MULTIPLYING  PERFORMANCE 

Figure  14  illustrates  the  gain  and  phase  characteristics  of  Ae 
AD569  when  operated  in  the  multiplying  mode.  Full-power 
bandwidth  is  shown  in  Figure  14a  and  the  corresponding  phase 
shift  is  shown  in  Figure  14b.  Performance  is  plotted  for  both  a 
fiill-scale  input  of  FFFFh  and  an  input  of  8080h-  An  input 
represents  worst-case  conditions  because  it  places  the  buffer  taps 
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b.  Phase  Shift 
Figure  14.  Full  Power  Multiplying  Performance 


at  the  midpoints  of  both  dividers.  Figure  15  illustrates  the  AD569's 
ability  to  resolve  16-bits  (where  ILSB  is  96dB  below  full  scale) 
while  keeping  the  noise  floor  below  -  130dB  with  an  ac  reference 
of  IV  nns  at  200Hz. 

Multiplying  feedthrougfa  is  due  to  capadtive  coupling  between 
the  reference  inputs  and  the  output:  As  siiown  in  Figure  16, 
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Figure  15.  IVIultiplying  Mode  Performance  (input  Code 
OOOIh) 
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Figure  16.  Multipfying  Feeinmm^^  ''  '■'■'  ^ 

BYPASSING  AND  GROUNDING  RULES 

It  is  generally  considered  good  engineering  practice  to  use  bypass 
capacitors  on  the  device  supply  voltage  pins  and  to  insert  suudl 
valued  resistors  in  the  supply  lines  to  provide  a  measure 
decoupling  betwe^  mAm^lchikS'itt'ds^mditii  P(it>:e|fetADS^', 
bypass  capacitors  df.at  leM;.4.7iiF  «i«id  setStofeSstOrS  ^of 

to  Pin  18.  '..  ivXiS.  -li  -i!n  '  ■  t  L 

NOISE 

In  high^resolution  system^  noise  is  often  the  limiting  factor.  A 
16-bit  DAC  with  a  10  volt  span  has  an  LSB  size  of  152(iV  ( -  96dB). 
Therefore,  the  noise  floor  must  remain  below  this  level  in  the 
frequency  ranges  of  interest.  The  AD569's  noise  spectral  density 
is  shown  in  Figures  17  and  18.  The  lowband  noise  spectrum  in 
Figure  17  shows  the  1/f  corner  frequency  at  1.2kHz  and  Figure 
18  shows  the  mdeband  noise  to  be  below  40nVA/lE. 
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Figure  17.  Lowband  Noise  Spectrum 
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Figure  18.  Widaband  Noise  Spectrum 


1  ne  ALOoy  s  irum  taoie  appears  m  i  aoie  i.  i  ne  nign  nyic 
Enable  (HBE)  and  Low  Byte  Enable  (LBE)  inputs  load  the 
upper  and  lower  bytes  of  the  16-bit  input  when  Chip  Select 
(CS)  is  valid  (low).  A  similar  strobe  to  Load  DAC  (LDAC) 
loads  the  16-bit  input  into  the  DAC  register  and  completes  the 
DAC  update.  The  DAC  register  can  either  be  loaded  with  a 
separate  write  cycle  or  synchronously  with  either  of  the  8-bit 
registers  in  the  first  rank.  A  simultaneous  update  of  several 
AD569S  can  be  achieved  by  controlling  their  LDAC  inputs  with 
a  single  control  signal.  I 
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0 

0,  . 

0 

0 

All  Latches  Transparent 

Table  I.  AD569  Truth  Table  .,; 

All  four  control  inputs  latches  are  level-triggered  and  active  low. 
When  the  DAC  register  is  loaded  directly  from  a  bus,  the  data 
at  the  digital  inputs  will  be  reflected  in  the  output  any  time  CS, 
LDAC  ,  LBE  and  HBE  are  low.  Should  this  not  be  the  desired 
case,  bring  LDAC  (or  HBE  or  LBE)  high  before  changing  the 
data.  Alternately,  use  a  second  write  cycle  to  transfer  the  data  to 
the  DAC  register  or  delay  the  write  strobe  pulse  until  the  ap- 
ptopriate  data  is  valid.  Be  sure  to  observe  the  appropriate  data 
setup  and  hold  times  (see  Timing  Characteristics). 

Whenever  possible,  the  write  strobe  signal  should  be  applied  to 
HBE  and  LBE  with  the  AD569's  decoded  address  applied  to 
CS.  A  minimum  pulse  width  of  60ns  at  HBE  and  LBE  allows 
the  AD569  to  interface  to  the  fastest  microprocessors.  Actually, 
data  can  be  latched  with  narrower  pulses,  but  the  data  setup 
and  hold  times  must  be  lengthened. 

Since  16-bit  microprocessors  supply  the  ADS69's  complete  16- 
bit  input  in  one  write  cycle,  the  DAC  register  is  often  unnecessary. 
If  so,  it  should  be  made  transparent  by  grounding  LDAC.  The 
DAC's  decoded  address  should  be  applied  to  CS,  with  the. write 
strobe  applied  to  HBE  and  LBE  as^  shown  in  the  68000  interface 
in  Figure  19.  I 


ADDRESS 
DECODE 


CS 

HBE 

LBE 

IBac 


Figure  19.  ADS69/e8000  Interface 
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b.  Fast  Interface 
Figure  20.  8-Bit  Microprocessor  Interface 

8-Bit  Microprocessor  Interfaces 

Since  8-bit  microprocessors  require  two  write  cycles  to  provide 
the  AD569's  16-bit  input,  the  DAC  register  must  be  utilized.  It 
is  most  often  loaded  as  the  second  byte  enters  the  first  rank  of 
latches.  This  synchronous  load  method,  shown  in  Figure  20, 
requires  LDAC  to  be  tied  to  either  LBE  or  HBE,  depending 
upon  the  byte  loading  sequence.  In  either  case,  the  propagation 
delay  through  the  first  rank  gives  rise  to  longer  timing  requirements 
as  shown  in  Figure  2.  If  the  DAC  register  (LDAC)  is  controlled 
separately  using  a  third  write  cycle,  the  minimum  write  pulse 
on  LDAC  is  70ns,  as  shown  in  Figure  1 . 

Two  basic  methods  exist  for  interfacing  the  AOS69  to  an  8-bit 
microprocessor's  address  aai  control  buses.  In  eitber  case,  at 


least  one  address  line  is  needed  to  differentiate  between  the 
upper  and  lower  bytes  of  the  first  rank  i  HBE  and  LBE).  The 
simplest  method  involves  applying  the  two  addresses  directly  to 
HBE  and  LBE  and  strobing  the  data  using  CS  as  shown  in 
Figure  20a.  However,  the  minimum  pulse  width  on  CS  is  70ns 
with  a  minimum  data  setup  time  of  60ns.  If  operation  with  a 
shorter  pulse  width  is  required,  the  base  address  should  be 
applied  to  CS  with  an  address  line  gated  with  the  strobe  signal 
to  supply  the  HBE  and  LBE  inputs  (see  Figure  20b).  However, 
since  the  write  pulse  sees  a  propagation  delay,  the  data  still 
must  remain  valid  at  least  20ns  after  the  rising  edge  of  the  delayed 
write  pulse.  —  — '  | 

OUTPUT  SETTLING 

The  ADS69's  output  buffer  amplifier  typically  settles  to  within 
±0.001%  FS  of  its  final  value  in  3|is  for  a  lOV  step.  Figure  21 
shows  settling  for  negative  and  positive  full-scale  steps  with  no 
load  applied.  Capable  of  sourcing  or  sinking  5niA,  the  output 
buffer  can  also  drive  loads  of  Ikll  and  lOOOpF  without  loss  of 
stability.  TypicaiiJttling  to  0.001%  under  these  worst-case 
conditions  is  4(i,s,  aii<l  is  guaranteed  to  be  a  maximum  of  6|jts. 
The  plots  of  Figure  21  were  generated  using  the  settling  test 
procedure  developed  specifically  for  the  ADS69. 

Subcanging  16-Bit  ADC 

The  subranging  ADC  shown  in  Figure  22  completes  a  conversion 
in  less  than  20||^,  including  the  sample-hold  amplifier's  sample 
time.  The  sample-hold  amplifier  is  allocated  5(xs  to  settle  to  16 
bits. 

Before  the  first  flash,  the  analog  input  signal  is  routed  through 
the  AD630  at  a  gain  of  +  1 .  The  lower  AD7820  quantizes  the 
signal  to  the  8-bit  level  within  1.4p.s,  and  the  8-bit  result  is 
routed  to  the  ADS69  via  a  digital  latch  which  holds  the  8-bit 
word  for  the  AD569  and  the  output  logic. 

The  AD569's  reference  polarity  is  reversed  so  that  a  full-scale 
output  is  -  5V  and  zero  scale  is  OV,  thereby  subtracting  an  8- 
bit  approximation  from  the  original  sampled  signal.  The  residue 
from  the  analog  subtraction  is  then  quantized  by  the  second  8- 
bit  flash  conversion  to  recover  the  8LSBs.  Even  though  only  the 
AD569's  upper  8MSBs  are  used,  the  AD569's  accuracy  defines 
the  A/D  converter's  overall  accuracy.  Any  errors  are  directly 
reflected  in  the  output. 
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Figure  21.  Fuii-Scale  Output  Settling 
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Preceding  the  second  flash,  the  residue  signal  must  be  amplified 
by  a  factor  of  256.  The  OP-37  provides  a  gain  of  25.6  and  the 
AD630  provides  another  gain  of  10.  In  this  case,  the  AD630 
acts  as  a  gain  element  as  well  as  a  chaimel  control  switch.  The 
second  flash  conversion  yields  a  9-bit  word.  This  provides  one 


extra  bit  of  overlap  for  digital  correction  of  any  errors  that  occurred 
in  the  first  flash.  The  correction  bit  is  digitally  added  to  the 
first  flash  before  the  entire  16-bit  output  is  strobed  into  the 
output  register. 
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FEATURES 

Four  Complete  Voltage  Output  DACs 
Data  Register  Readback  Feature 
"Reset  to  Zero"  Override 
Multiplying  Operation 
Double-Buffered  Latches 
Surface  Mount  and  DIP  Packages 
MIL-STD-883  Compliant  Versions  Available 

APPUGATIONS   '  f^>' 
Automatic  Test  Equipment  ' 
Robotics  "-^  "  • 

Process  Control 
Disk  Drives 

Instrume^itation   .<  -  ' 

Avionica    |  I 


PRODUCT  DESCRIPTION 

The  AD664  is  four  complete  12-bit,  voltage-output  DACs  on 
one  monolithic  IC  chip.  Each  DAC  has  a  double-buffered  input 
latch  structiue  and  a  data  leadback  function.  All  DAC  read  and 
write  operatifeie^r^l^  a  migle  mipj^jPQg^cfeawlpiaihte 
I/O  port. 

The  I/O  port  accommodates  4-,  8-  or  12-bit  paralld  words  allowing 
ample  intofitdng  with  a  wide  variety  of  microprocessors.  A 
reset  to  zero  control  pin  is  provided  to  allow  a  user  to  simultaneously 
reset  all  DAC  outputs  to  zero,  regardless  of  the  contents  of  the 
input  latch.  Any  one  or  all  of  the  DACs  may  be  placed  in  a 
tnmspaient  mode  allowing  immediate  response     the  outputs 
to  die  inpu  data. 

The  analog  portion  of  the  AD664  consists  of  four  DAC  cells, 
four  output  amplifiers,  a  control  amplifier  and  switches.  Each 
DAC  cell  is  an  inverting  R-2R  type.  The  output  current  fnnn 
each  DAC  is  switched  to  the  on-board  application  resistors  and 
output  ampGfier.  The  output  range  of  eadi  DAC  cell  is  pro- 
grammed tbrough  the  digital  I/O  port  and  may  be  set  to  imipolar 
or  bipolar  range,  with  a  gain  of  one  or  two  times  the  reference 
voltage.  All  DACs  are  operated  from  a  single  external  reference. 
The  functional  completeness  of  the  AD664  results  from  the 
ccnnbination  of  Analog  Devices'  BiMOS  II  process,  laser-trimmed 
tlun-film  resistors  and  double-level  metal  interconnects. 

PRODUCT  mGHUGHTS 

1 .  The  AD664  provides  four  voltage-output  DACs  on  one  chip 
offering  the  highest  density  12-bit  D/A  function  available. 

2.  The  output  range  of  each  DAC  is  fully  and  independently 
programmable. 

3.  Readback  capability  allows  verification  of  contents  of  the 
intenial  data  rqpsteis. 


PIN  CONFIGURATIONS 
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4.  The  asynchronous  RESET  control  returns  all  D/A  ouqn^ts 
to  zero  volts. 

5.  DAC-to-DAC  matching  performance  is  specified  and  tested. 

6.  Linearity  error  is  specified  to  be  1/2LSB  at  room  temperature 
and  3/4LSB  maximum  for  the  K,  B  and  T  grades. 

7.  DAC  performance  is  guaranteed  to  be  monotonic  over  the 
full  operating  temperature  range. 

8.  Readback  buffers  have  tiistate  oijtputs. 

9.  Multiplying-mode  operation  allows  use  withfixed  or  variable, 
positive  or  negative  external  references. 

10.  The  AD664  is  available  in  versions  compliant  with  MIL- 
STD-883.  IjteSer  to  dke^ypdeg  JQpi|«it| 


specifications. 
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AD664-SPECIFICATI0NS  l;r^".«'" 


JNaP/AD/AJ/SD 


Min 

Typ 

Max 

Min 

'i  llniliiii.  - 

i      .  ^^^^ 

17 

17 

 s 

*  

Bits 

ANALOG  OUTPUT 

1 

Voltage  Range' 

1 

UNI  Venioiu 

0 

— Voc—^'^ 

 — 

,a  - 

Volts 



BlPVerskns 

Vhe  +  ^.C 

* 

* 

Volts 

Output  Current 

5 

inA 

Load  Resistance 

2 

* 

kfl 

Load  Capacitance  ' 

jod 

* 

pF 

Short-Circuit  CunoDt 

25 

40 

* 

mA 

Am  TRACY 

Oain  Error 

-7 

*i 

7 

-5 

±2 

5 

LSB 

Unipolar  Offset  > 

-2 

±m 

2 

±1/4 

1 

LSB 

Bipolar  Zero'  ±L4V3BliHSJ3B. 

_3 

±V4 

3 

,•  .  .. 

LSR'>. 

Lincan^  Error 

-3/4 

±1/2 

3M 

±1/4 

in  "" 

LSB 

Linearity  T„,n  to 

-1 

±3/4 

1 

-3/4 

±1/2 

3/4 

Differential  Linearity 

-3/4 

3/4 

-1/2 

1/2 

LSB  ^ 

Differential  Linearity  T„,n  to 

Monotonic 

@  All  Temperatures 

Monotonic  ^  All  Temperatures 

Gain  Error  Drift 

Unipolar  0  to +10V  Mode 

—12 

±7 

12 

-10 

±5 

10 

ppm  of  FSR'/°C 

Bipolar  -5V  to  +5V  Mode 

-12 

±7 

12 

-10 

±5 

10 

ppm  if  FSRrC 

Bipolar -lOV  to  4-foV  Mode  ' 

-m 

*7 

12 

-10 

±5 

10-  :>< 

' '  ^tt'i^SRrC 

Unipolar  Offset  Drift 

Unipolar  0  to  +  lOV  Mode 

— ^, 

±1.5 

3 

-2 

±1 

2 

ppmof  FSR/X 

Bipolar  Zero  Drift                         -  .-  r         *  |^ 
Bipolar  -5v  to  +5V  Moue       T       x  ^  ' 

-12 

±7 

12 

-10 

±5 

10 

ppm  OI  rotsTXi, 

Dipolar  —  lOV  to  +  luv  Mode 

-12 

±7 

U 

-10 

±5 

10 

PPin  01  fdlvArf 

REFERENCE  INPUT 

Input  Resistance 

1.3 

2.6 

* 

* 

kfl 

Voltage  Range*' 

Vh!  +  IjSF 

r. 

* 

Jil  l  -iav  J  »-AuMkl . 

Volts 

POWER  REQUIREMENTS 

;  I 

III 

4.5 

5.0 

5.5 

* 

* 

* 

Volts 

0.1 

1 

* 

mA 

3 

6 

mA 

Voc/Vee 

±11.4 

±16.5 

* 

.     .;l  .  ■ 

Volts 

I 

12 

IS 

_  * 

* 

mA 

15 

19 

* 

mA 

Total  IViwcf 

-yr-  -  1  ^  

400 

525 

* 

* 

mW 

ANALOG  CXXSIMBSSISKSStilT' 

-600 

±400 

+600 

* 

* 

* 

M-A 

MATCHING  PERFORMAMtlE^ 

r—r — ^ 

Gain'                         ."Ji  -  ] 

-6 

±3 

■iji.;.  .• 

4 

LSB 

Offset' 

-2 

±1/2 

2 

-1 

±1/4  ' 

1 

LSB 

Bipolar  Zero'" 

-3 

3 

-2.' 

2 

Linearity"                       ;  r 

-1.5 

±112 

1,5. 

-1 

±1/2 

I 

LSB 

CROSSTALK                         '  " 

Analog                                ^      '  : 

-.80  -r; 

Digital 

-60 

* 

•  dB 

DYNAMIC  PERFORMANCE  (Rl  =  2kn,  Cl  =  SOOpF) 

Settling  Time  to  ±  1/2LSB 

Offi-Bits-On,  GAIN  =  1,  V„ef  = 

8 

10 

* 

(is 

Settling  Time  to  ±  1/2LSB 

-10«-Vkef-*I0V,  gain  =  1,  Bits  On 

10 

* 

US 

Glit£h  Impulse 

500 

MULTIPLYING  MODE  PERFORMANCE 

Reference  FeedchnHigh  @  IkHi! 

-75 

* 

dB 

Refeicace -3dB  Bandniddi 

70 

* 

kHz 

KN/KP/BD/BJ/BE/TD/TE 


POWER  SUPPLY  GAIN  SraSffiVnTT 
11.4V*-yoc— 16.5V     ..  .■    .  . 

-IJ^ScYfefi-tl.*?  ,..!     .  .v..L.:.'ft  .i.-t-  oi  fj-jJl 


• ,  1  f. 


±2  ±5 
±2        ±$  ■ 

£2  iiS 


ppm/% 


BEV.  A 


AD664 


Min 


Typ 


Max 


KN/KP/BD/BJ/BE/TD/TE 
Min  Tjrp  Max 


Uaia 


DIGITAL  INPUTS 

V,H 
V,L 

Data  Inputs 


DGND 


f  1^ 

■   5   AMk^ 


1|L  (!*    Vug  =  L/VJINL* 

CS/DSWDSl«Sr/RD/LS 
In.  @  V™  =  Vu. 

MS/TR" 

III.  @  ViN  =  DGND 
QS0/QS1/QS2'' 
I,H  @  V,^  = 
IiL  <5  V™  =  DGND 


2.0 

0 

-10 


0.8 
10 


-10 

±1 

10 

-10 

±1 

10 

-10 

5 

10 

-10 

-5 

0 

-10 

5 

10 

-10 

±1 

10 

Volts 
Volts 

nA 


DIGITAL  OUTPUTS 
Vol  @  l-6mA  Sink 
Vqh  @  O.SmA  Source 


2.4 


Volts 
Volts 


TEMPERATURE  RANGE 
JN/JP/KN/KP 
AD/AJ/BD«]/BE 
SD/TD/TE 


-40 


I 

+70f- 

•t-8S 

+12S" 


NOTES 

'A  minimum  power  supply  of  ±  12.0V  is  required  for  0  lo  +  lOV  and  ± lOV  operation.  A  minimum  power  supply  of  ± II .4V  is  required  for  - 5V  to 

-^5V  operation. 

^For  V(.^^-;12V  and  \'ee.;--12V.  Voltage  not  to  exceed  lOV  maximum. 

^Bipolar  zero  error  is  the  difference  from  the  ideal  output  tO  volts)  and  the  actual  output  voltage  with  code  100  000  000  000  applied  to  the  inputs. 
^Linearity  error  is  defined  as  the  maximum  deviation  of  the  actual  DAC  output  from  ^  idgaLffSfSfat  (i^B|iglu,yne.jdra^  £com.Okto.P,&.  .74LS^). 
'FSR  means  FuU-Scale  Range  and  is  20V  for  ±10V  range  and  lOV  for  ±5V  range.     °  Wii  .  n  . . nir  .  ,  .  .  uf^  w 

*A  minimum  power  supply  of  ±  12.0V  is  required  for  a  IDV  reference  voltage. 

'Analog  Ground  Current  is  input  code  dependent.  ,  . 

'Gain  error  matching  is  the  largest  difference  in  gain  error  between  any  two  DACs  in  one  package. 

'Offset  error  matching  is  the  largest  difference  in  offset  error  between  any  two  DACs  in  one  package. 
'"Bipolar  zero  error  matching  is  the  largest  difference  in  bipolar  zero  error  between  any  two  DACs  in  one  package. 
"Linearity  error  matching  is  the  difference  in  the  worst  case  linearity  error  between  any  two  DACs  in  one  package. 
'^44-pin  versions  only. 

•Specifications  same  as  JN/JP/AD/AJ/SD.  '  ^ 

Specifications  subject  to  change  without  notice. 

Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final  electrical  test.  Results  from  those  test  alv  used  to  calculate  outgoing  quality  levels.  All 
miq  and  max  specifications  are  guaranteed »  although  only  those  shown  in  boldface  are  tested  on  all  production  units 
I       '■■  h     ,n»  > 


-i.  oj  ban-  ■ 


ABSOLUTEMAXIMUM  RATINGS*  -  . 

CSpedfie&oris  apply  to  all  grades  except  where  noted.) 

Vu.  toDGNb   .  .  .  ;■  /  .  .....  .  .  .......  Oto  +7V 

Vcc  to  DGND   0  to  +  18V 

VEEtoDGND   -18VtoOV 

Soldering  +300"'C,  lOsec 

Power  Dissipation  lOOOmW 

AGNDtoDGND   -  IV  to  +1V 

Reference  Input  VrfpSIOV  and  Vri.-f 

£(Vcc-2V,VnH+2V) 


Vcc  to  V,;,;   Oto  +  36V 

Digital  Inputs   -0.3V  to  +7V 

Analog  Outputs   Indefinite  Shorts  lo 

Vcc,V,.,.,V,.:p.andG^^b 


•Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may 
cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and 
functional  operation  of  the  device  at  these  or  any  other  conditions  above 
those  indicated  in  the  operational  section  of  this  specification  is  not 
implied.  Exposure  to  absolute  maximum  rating  conditions  for  extended 
periods  may  affect  device  reliability. 


WARNING!  ^ 

ESD  SENSITIVE  DEVICE 


CAUTION   .  

ESD  (electrostatic  discharge)  sensitive  device.  Unused  devices  must  be  stored  in  conductive  foam  or 
shunts .  The  protective  foam  should  be  dischaiged  to  the  destination  socket  before  devices  are  removed . 
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FUNCTIONAL  DESCRIPTION 

The  AD664  combines  four  complete  12-bit  voltage  output  D/A 
converters  with  a  fast,  flexible  digital  input/output  port  on  one 
monolithic  chip.  It  is  available  in  two  forms,  a  44-pin  version 
shown  in  Figure  la  aiiif^a  284»iB  vertiWiMni  tfl  H^dK^  Ife. " 

44-Pin  Versions 

Each  DAC  offers  flexibility,  accuracy  and  good  dyiBBHic  per- 
formance. The  R-2R  structure  is  fabricated  from  thin-Hlm  resistors 
which  are  laser-trimmed  to  achieve  1/2LSB  hnearity  and  guaran- 
teed monotonicity.  The  output  amplifier  combines  the  best 
features  of  the  bipolar  and  MOS  devices  to  achieve  good  dynamic 
performance  and  low  offset.  Setthng  time  is  under  10(jls  and 
each  output  can  drive  a  5mA,  500pF  load.  Short-circuit  protection 
allows  indefinite  shorts  to  Vi  l,  Vcc,  V^j;  and  GND.  The  output 
and  span  resistor  pins  are  available  separately.  This  feature 
allows  a  user  to  insert  current-boosting  elements  to  increase  the 
drive  capabihty  of  the  system,  as  well  as  to  overcome  parasitics. 

Digital  circuitry  is  implemented  in  CMOS  logic.  The  fast,  low 
power,  digital  interface  allows  the  AD664  to  be  interfaced  with 
most  microprocessors.  Through  this  interface,  the  wide  variety 
of  features  on  each  chip  may  be  accessed.  For  example,  the 
input  data  for  each  DAC  is  programmed  by  way  of  4-,  8-,  12- 
or  16-bit  words.  The  double-buffered  input  structure  of  this 
latch  allows  all  four  DACs  to  be  updated  simultaneously.  A 
readback  feature  allows  the  internal  registers  to  be  read  back 
through  the  same  digital  port,  as  either  4-,  8-  or  12-bit  words. 
When  disabled,  the  readback  drivers  are  placed  in  a  high  impedance 
(tristate)  mode.  A  TRANSPARENT  mode  allows  the  input  data 
to  pass  straight  through  both  ranks  of  input  registers  and  appear 
at  the  DAC  with  a  minimum  of  delay.  One  D/A  may  be  placed 
in  the  transparent  mode  at  a  time,  or  all  four  may  be  made 
transparent  at  once.  The  MODE  SELECT  feature  allows  the 
output  range  and  mode  of  the  DACs  to  be  selected  via  the  data 
bus  inputs.  An  internal         %lect  register  stores  the  selections. 
aafel»iS»tiSiiai>-  afiiBJ>e-;tA«t»ack  to  duck  its  contents.  A 
RESET-TD-ZERO  feature  allows  all  DA<^  to  be  reset  to  0 
volts  oit  hf,  SBMiaK  «  iita^e  pn- 


Figure  1b.  28-Pin  Bloclt  Diagram 
28-Pin  Versions 

The  28-pin  versions  are  dedicated  versions  of  the  44-pin  AD664. 
Each  offers  a  reduced  set  of  featiues  from  those  offered  in  the 
44-pin  version. This  accommodates  the  reduced  number  of  package 
pins  available.  Data  is  written  and  read  with  12-bit  words  only. 
Output  range  and  mo^  select  functions  are  also  not  available  in 
28-pin  verainis.  As  an  alternative,  users  specify  either  the  UNI 
(unipolar,  0  to  Vref)  models  or  the  BIP  (bipolar,  -  Vref  w 
Vref)  models  depending  on  the  application  requirements.  Finally, 
the  transparent  mode  is  not  available  on  the  28'pin  versions. 
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Mode  =  UNI 

Mode  =  BIP 

-"'iGiiin=l 

000000000000  =  ov 
100000000000  =  Vref/2 
111111111111  =  Vref  -  ILSB 

000000000000  =  -  Vr,.:h/2 
100000000000  =  OV 
111111111111  =  Vr,.:p/2  -  ILSB 

i:  ■  '  -  J  a-  «i  Hjiw  r;s.    Gain  =  2 

000000000000  -  ov 

100000000000  =  Vr,.;f 
lllUlIlini  =  2x  Vr,;,.  -  1 LSB 

000000000000  -  -  Vr,.;|.- 

100000000000  =  ov 

111111111111  =  +  Vr,:,.  -  ILSB 

Table  I.  Transfer 'Functions 


DEFINITIONS  OF  SPECIFICATIONS 

LINEARITY  ERROR:  Analog  Devices  defines  linearity  error 
as  the  maximum  deviation  of  the  actual,  adjusted  DAC  output 
from  the  ideal  analog  output  (a  straight  line  drawn  from  0  to 
FS-  ILSB)  for  any  bit  conbination.  This  is  also  referred  to  as 
relative  accuracy.  The  AD664  is  laser-trimmed  to  typically  main- 
tain linearity  errors  at  less  than  ±  1/4LSB. 

MONOTONICITY:  A  DAC  is  said  to  be  monotonic  if  the 
output  either  increases  or  remains  constant  for  increasing  digital 
inputs  such  that  the  output  will  always  be  a  nondecreasing 
function  of  input.  All  versions  of  the  AD664  are  monotonic  over 
their  full  operating  temperature  range. 

DIFFERENTIAL  LINEARITY:  Monotonic  behavior  requires 
that  the  differential  linearity  error  be  less  than  ILSB  both  at 
25°C  as  well  as  over  the  temperature  range  of  interest  Differential 
nonlinearity  is  the  measure  of  the  variation  in  analog  value, 
normalized  to  full  scale,  associated  with  a  ILSB  change  in  digital 
input  code.  For  example,  for  a  lOV  full-scale  output,  a  change 
of  ILSB  in  digital  input  code  should  result  in  a  2.44mV  change 
in  the  analog  output  (Vref=  lOV,  Gain=  1,  1LSB=  lOV  x  1/ 
4096  =  2.44mV).  If  in  actual  use,  however,  a  ILSB  change  in 
the  input  code  results  in  a  change  of  only  0.61mV  (1/4LSB)  in 
analog  output,  the  differential  nonlinearity  error  would  be 
-1.83mV,  or  -3/4LSB. 

GAIN  ERROR:  DAC  gain  error  is  a  measure  of  the  difference 
between  the  output  span  of  an  ideal  DAC  and  an  actual  device. 

UNIPOLAR  OFFSET  ERROR:  Unipolar  offset  error  is  the 
difference  between  the  ideal  output  (OV)  and  the  actual  output 


of  a  DAC  when  the  input  is  loaded  with  all  "Os"  and  the  MODE 
is  unipolar.  "  ' 

BIPOLAR  ZERO  ERROR:  Bipolar  zero  error  is  the  difference 
between  the  ideal  output  (OV)  and  the  actual  output  of  a  DAC 
when  the  input  code  is  loa()al  with  the  MSB  =  "1"  and  ;he 
rest  of  the  bits  =  "0"  and  the  MODE  is  bipolar.  . 

SETTU^lG  TIME:  S^M^  time  is  the  time  required  for  the  ' 
output  to  reach  and  remain  within  a  specified  error  band  about 

its  final  value,  measured  from  the  digital  input  transition. 

CROSSTALK:  Crosstalk  is  the  change  in  an  output  caused  by 
a  change  in  one  or  more  of  the  other  output^.  It  is  due  to  bQMcitil^^ 

and  thermal  coupling  between  outputs. 

REFERENCE  FEEDTHROUGH:  The  portion  of  an  ac  reference 
signal  that  appears  at  an  output  when  all  input  bits  are  low. 
Feedthrough  is  due  to  capacitive  coupling  between  the  reference 
input  and  the  output.  It  is  specified  in  decibels  at  a  particular 
frequency.     '         '     "        ■ '"^"^ 

REFERENCE  3dB  BANDWIDTH:  The  frequency  of  the  ac 
reference  input  signal  at  which  the  amplitude  of  the  full-stale 
output  response  falls  3dB  from  the  ideal  response. 

GLITCH  IMPULSE:  Glitch  impulse  is  an  undesired  output 
voltage  transient  caused  by  asymmetrical  switching  times  in  the., 
switches  of  a  DAC.  These  transients  are  specified  by  their  net 
area  (in  nV-sec)  of  the  voltage  vs.  time  characteristic. 
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ANALOG  CIRCUIT  CONSIDERATIONS 
Grounding  Recommendations 

The  AD664  has  two  pins,  designated  ANALOG  and  DIGITAL 
ground.  The  analog  ground  pin  is  the  "high  quality"  ground 
reference  point  for  the  device.  A  unique  internal  design  has 
resulted  in  low  analog  ground  current.  This  greatly  simplifies 
management  of  groimd  ciurent  and  the  associated  induced  voltage 
drops.  The  analog  ground  pin  should  be  connected  to  the  analog 
ground  point  in  the  system.  The  external  reference  and  any 
external  loads  should  also  be  returned  to  analog  ground. 

The  digital  groimd  pin  should  be  connected  to  the  digital  ground 
point  in  the  circuit.  This  pin  retiuns  ciurent  from  the  logic 
portions  of  the  AD664  circuitry  to  groimd. 

Analog  and  digital  grounds  should  be  connected  at  one  point  in 
the  system.  If  there  is  a  possibihty  that  this  connection  be  broken 
or  otherwise  disconnected,  then  two  diodes  should  be  connected 
between  the  analog  and  digital  ground  pins  of  the  AD6i64  to 
limit  the  maximum  ground  voltage  ijfijfeitisce.    -  ■ 

Power  Supplies  and  Decoupling 

The  AD664  requires  three  power  supplies  for  proper  operation. 
Vll  powers  the  logic  portions  of  the  device  and  requires 
+  5  volts.  Vcc  and  Vee  power  the  remaining  portions  of  the 
circuitry  and  require  +  12V  to  +  15V  and  -  12V  to  —  15V, 
respectively.  Vcc  and  Vee  must  also  be  a  minimum  of  two  volts 
greater  then  the  maximum  reference  and  output  voltages 
anticipated. 

Decoupling  capacitors  should  be  used  on  all  power  supply  pins. 
Good  engineering  practice  dictates  that  the  bypass  capacitors  be 
located  as  near  as  possible  to  die  packa^  pius.  Vfj,  should  be 
bypassed  to  digital  ground.  Vcc  >i>d  Vee  dioald  be  decoupled ' 
to  analog  ground. 

Driving  the  Reference  Input 

The  reference  input  of  the  AD664  can  have  an  impedance  as 
low  as  1.3kn.  Therefore,  the  external  reference  voltage  must  be 
able  to  source  up  to  7.7mA  of  load  current.  Suitable  choices 
include  the  5V  AD586,  the  lOV  AD587  and  the  8.192V  AD689. 

The  aiclutectuie,qf  the.AD664  deriy<^  an  in^ertt4  veisipn  of 
the  leferoice  voltage  tar  some  portions  of  the  internal  circuitry. 
This  means  that  the  power  supplies  must  be  at  least  2V 


SVSTEM  SUPPLIES 


Flguni^.  ■•ftgea^meotl^  Cireuii  Schematic 


greater  than  both  the  external  refeKnee  WWlid  external 

rsftfrencer"  ~   ~  ^ 

Output  Considerations 

Each  DAC  output  can  source  or  sink  5mA  of  current  to  an 
external  load.  Short-circuit  protection  limits  load  current  to  a 
maximum  load  current  of  40mA.  Load  capacitance  of  up  to 
500pF  can  be  accomodated  with  no  effect  on  stability.  Should 
an  application  require  additional  output  current,  a  current  boosting 
element  can  be  inserted  into  the  output  loop  with  no  sacrifice  in 
accuracy.  Figure  3  details  this  method. 


Figure  3.  Current-Boosting  Scheme 

AD664  output  voltage  settling  time  is  10m.s  ma?(imum<  Figure  ,4 
shows  the  output  voltage  settling  time  with  a  fix^.lOy.iefeten.ce> 
gain  =  1  and  all  bits  switched  from  1  to  0. 
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Figure  4.  Settling  Time;  All  Bits  Switched  from  On  to  Off 

Alteriuttely,  Piguie  S  shows  the  settling  characteristics  wtien  the 
^i^^eilcl£&  switched  an4  die  input  bits^Kpain  fixed.  In  this 
case,  all  Irits  are  "on",  the  gain  is  1  and  the  reference  is  switched 
from  -5V  to  +5V. 
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Figure  S.  Settling  Time;  Input  Bits  Fixed,  Reference 
SwHehed       ^  .fS 
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Multiplyiiig  Mode  Performance 

Figure  6  illustrates  the  typical  open-loop  gain  and  phase  per- 
formance of  the  output  amplifiers  of  the  AD664. 
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Figure  6.  Gain  and  Phase  Performance  ofADS64  Outputs 
Crosstalk 

Crosstalk  is  a  spurious  signal  on  one  DAC  output  caused  by  a 
change  in  the  output  of  one  or  more  of  the  other  DACs.  Crosstalk 
can  be  induced  by  capacitive,  thermal  or  load  current  induced 
feedthrough.  Figure  7  shows  typical  crosstalk.  DAC  B  is  set  to 
output  0  volts.  The  outputs  of  DAC  A,  C  and  D  switch  2kn 
loads  from  lOV  to  OV.  The  first  disturbance  in  the  output  of 
DAC  B  is  caused  by  digital  feedthrough  from  the  input  data 
lows.  The  second  disturbance  is  caused  by  analog  feedthrough 
from  the  other  DAC  outputs. 
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Output  Noise 

Wideband  output  noise  is  shown  in  Figure  8.  This  measurement 
was  made  with  a  7MHz  noise  bandwidth,  gain  =  1  and  all 
bits  on.  The  total  nas  noise  is  approximately  one  fifth  the  visual 
peak-to-peafc  noise. 

DIGITAL  INTERFACE 

As  Table  II  shows,  the  AD664  makes  a  wide  variety  of  operating 
modes  available  to  the  user.  These  modes  are  accessed  or  pro- 
grammed through  the  high-speed  digital  port  of  the  quad  DAC. 
On-bytilij<<gtB>IS'iPBgnun  apA-WOie QAQjiqipt.podes  and 


Figure  8.  Typical  Output  Noise 

the  DAC  operating  mode  data.  All  registers  are  double-buffered 
to  allow  for  simultaneous  updating  of  all  outputs.  Register  data 
may  be  read  back  to  verify  the  respective  contents.  The  digital 
port  also  allows  transparent  operation.  Data  from  the  input  pins 
can  be  sent  directly  through  both  ranks  of  latches  to  the  DAC. 

Partial  address  decoding  is  performed  by  the  DSO,  DSl,  QSO, 
QSl  and  QS2  address  bits.  QSO,  QSl  and  QS2  allow  the  44-pin 
versions  of  the  AD664  to  be  addressed  in  4-bit  nibble,  8-bit 
byte  or  12-bit  parallel  words. 

The  RST  pin  provides  a  simple  method  to  reset  all  output  '  ' 
voltages  to  zero.  Its  advanta^  aie^speed  ai^  low  softwe 
overhead.  -'!•"■   ■     .-i-  t 

INPUT  DATA 

In  general,  two  types  of  data  will  be  input  to  the  registers  of  the 
AD664,  input  code  data  and  mode  select  data.  Input  code  data 
sets  the  DAC  inputs  while  the  mode  select  data  sets  the  gain 
and  range  of  each  DAC. 

The  versatile  I/O  port  of  the  AD664  allows  many  different  types 
of  data  input  schemes.  For  example,  the  input  code  for  just  one 
of  the  DACs  may  be  loaded  and  the  output  may  or  may  not  be 
updated.  Or,  the  input  codes  for  all  four  DACs  majiit tie  inotten, 
and  the  outputs  may  or  may  not  be  updated. 

The  same  applies  for  MODE  SELECTION.  The  mode  of  just 
one  or  many  of  the  DACs  may  be  rewritten  and  the  user  can 
choose  to  immediately  update  the  outputs  or  wait  until  a  lat^ 
time  to  transfer  the  mode  information  to  the  outpitts. 

A  user  maj^  also  write  both  input  code  and  mode  information 
into  their  respective  first  ranks  and  then  iqxbte  all  second  ranks 
at  once.  -  - 

Finally,  traa^arent  operation  allows  data  to  be  transferred  firom 
the  inputs  to  the  outputs  using  a  single  control  line.  This  feature 
is  useful,  for  example,  in  a  situation  where  one  of  the  DACs  is 
used  in  an  A/D  converter.  The  SAR  register  could  be  connected 
directly  to  a  DAC  by  using  the  transparent  mode  of  operation. 
Another  use  for  this  feature  would  be  during  system  calibration 
where  the  endpoints  of  the  transfer  Amnion  of  each  DAC  would 
be  measured.  For  example,  if  the  fiill-scale  voltages  of  each 
DAC  were  to  be  measured,  then  by  making  all  four  DACs 
transparent  and  putting  all  "Is"  on  the  input  port,  all  four 
DACs  would  be  at  fiill-acalc.  This  requires  fw.le»  software 
overhead  tjban  M^i^'ei^'i 
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Table  II.  ADSSd  Digital  TruttrTaMe^ 


Functioii 

DSl,  DSO 

LS 

MS 

TR 

QSO,  1,  i> 

RD 

cs 

RST 

Load  1st  Rank  (data) 

DACA 

00 

0 

1 

select  tjuad 

1 

DACB 

01 

0 

1 

Select  Quad 

l-*0 

1 

DACC 

10 

0 

Select  Quad 

l-*0 

1 

DACD 

11 

0 

1 

Select  Quad 

' 

l-»0 

1 

Load  2nd  Rank  (data) 

XX 

1 

1 

1 

XXX 

1 

I->0 

1 

Readback  2nd  Rank  (dau) 

Select  D/A 

X 

1 

1 

Select  Quad 

0 

l->0 

1 

Reset 

XX 

X 

X 

X 

XXX 

X 

X 

0 

Transparent' 

AllDACs 

XX 

1 

, 

0 

000 

1 

l->0 

1 

DACA 

00 

0 

0 

000 

1 

l->0 

1 

DACB 

01 

0 

0 

000 

1 

1—0 

1 

DACC 

10 

0 

0 

000 

1 

l->0 

1 

DACD 

11 

0 

0 

000 

l-»0 

1 

ModeSelect"'^ 

1st  Rank 

XX 

0 

0 

OOX 

1 

l-»0 

1 

2ndRank 

XX 

1 

0 

1 

XXX 

1 

l->0 

1 

XX 

X 

0 

J  flfiSSt'-.;'. 

nftm 

-J 


■ .  Het^  X,s>ftQn*t  care - 

-  'fiif44-Wfc^wnions  only.  Allow  the  A  D664  to  be  addressed  in  4-bit  nibble,  8-bit  byte  or  12-bit  parallel  words. 
^ForMS,TR,LS  =  O.aMS  Istwriteoccurs. 


The  following  sections  detail  the  timing  requirements  for 
various  data  loading  schemes.  All  of  the  timing  specifications 
shown  assume  Vm  =  2.4V,  Vn.  =0.4V,  Vcc  =  +15V, 
Vee  =  -ISV  and  Vu.  =  +SV.  , 

Load  and  Update  One  DAC  Output 

In  this  first  example,  the  object  is  simply  to  change  the  output 
of  one  of  the  four  DACs  on  the  AD664  chip.  The  procedure  is 
to  select  the  address  bits  that  indicate  the  DAC  to  be  programmed, 
puU  LATCH  SELECT(LS)  tow,  puU  OOP  SELECT(C^  low, 
release  XS  and  then  release  CS.  When  CS  goes  knif  dtXi  eattxi 
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Figure  9a.  Update  Output  of  a  Single  DAC 


the  first  rank  of  the  input  latch.  As  soon  as  LS  goes  high,  the 
data  is  transferred  into  the  second  rank  and  produces  the  new 
output  voltage.  During  this  transfer,  MS,  TR,  RD  and  RST 

should  be  held  high. 

Preloading  the  First  Rank  of  One  DAC 
In  this  case^  the  object  is  to  load  new  data  into  the  first  rank  of 
one  of  the  DACs  but  not  the  output.  As  in  the  previous  case, 
the  address  and  data  inputs  are  placed  on  the  appropriate  pins. 
LS  is  then  brought  to  "0"  and  then  CS  is  asserted.  Note  that  in 
this  situation,  however,  CS  goes  high  before  LS  goes  high.  The 
input  data  is  prevented  &om  getting  to  the  second  rank  and 
affecting  the  output  voltage.  > 
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Figui4  7i0a.  Ptrioad  First  MiHt  of  a  DAC 
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Figure  9b.  Update  Output  of  a  Single  OAC  Timing 
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This  allows  the  user  to  "preload"  the  data  to  a  DAC  and  strobe 
it  into  the  output  latch  at  some  future  time.  The  user  could  do 
this  by  reproducing  the  sequence  of  signals  illustrated  in  the 
next  section. 

Update  Second  Rank  of  a  DAC 

Assuming  that  a  new  input  code  had  previously  been  placed 
into  the  first  rank  of  the  input  latches,  the  user  can  update  the 
output  of  the  DAC  by  simply  pulling  CS  low  ndiile  keeping  LS, 
MS,  TR,  RD  and  RS^  Ju^.  Address  data  is  not  needed  in  this 
case.  In  reality,  ail'sed^fiS         are  bong  t(i>dated  by  this  pro- 
cedure, but  only  those  which  receive  data  dSferent  from  that 
alieaify  there  would  mantfest  a  change.  Updai^  the  second 
rank  does  not  change  i^  opotents  lof  the  fir^  tank. 

'/ZZZZZZZZ/?'^rAiZA 
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Figure  1 1.  Update  Second  Rank  of  a  DAC 

The  same  options  that  exist  for  individual  DAC  input  loading 
also  exist  for  multiple  DAC  input  loading.  That  is,  the  user  can 
choose  to  update  the  first  and  second  ranks  of  the  registers  or 
preload  the  first  ranks  and  then  update  them  at  a  future  time. 

Preload  Multiple  First  Rank  Registers 

The  first  ranks  of  the  DAC  input  registers  may  be  preloaded 
with  new  input  data  without  disturbing  the  second  rank  data. 
This  is  done  by  transferring  the  data  into  the  first  rank  by  bringing 
CS  low  while  LS  is  low.  But  CS  must  return  high  before  LS. 
This  prevents  the  data  from  the  first  rank  from  getting  into  the 
second  rank.  A  simple  second  rank  update  cycle  as  shown  in 
Figiu-e  11  would 'move  the  ^'preloaded"  ii^UiMi^  'tis  die 
DACs. 
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Figure  12.  Preload  First  Rartk  Registers 

Load  and  Update  Multiple  DAC  Outputs 

The  following  examples  demonstrate  two  ways  to  update  alf 
DAC  outputs.  The  first  method  involves  doing  all  ^ata  transfers 
during  one  long  CS  low  period.  Note  that  in  this  case,  shown  in 
Vusaxe  13,  LS  returns  high  beferB  CS'lgon  1up7  BIktB  htdd 
time,  relative  to  an  addr^  chmg^^is  7(te.  Tl^  updates  the 
outputs  of  all  DM^Namnllanfonii^.  » 

iHaWl  1r.:,  .  <  ■^-..  -.•^ 
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Figure  13.  Update  All  DAC  Outputs 

The  second  method  involves  doing  a  CS  assertion  (low)'  and  an 
LS  toggle  separately  for  each  DAC.  It  is  basically  a  safes  of 
preload  operations  (Figure  10).  In  this  case,  illustrated  in 
Figure  14,  two  LS  signals  are  shown.  One,  labeled  LS,  goes 
high  before  CS  returns  high.  This  transfers  the  "new"  input 
word  to  the  DAC  outputs  sequentially..  The  second  LS  signal, 
labeled  Alternate  LS,  stays  low  until  CS.returns  high.  Using 
this  sequence  loads  the  first  ranks  with  each  "new"  input  word 
but  doesn't  update  the  DAC  outputs.  To  then  update  all  DAC 
outputs  simultaneously  would  require  the  sighals  illustrated  in 
Figure  H.  **' 
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Figure  14.  Load  and  Update  Multiple  DACs 

SELECTING  GAIN  RANGE  AND  MODES  (44-PIN 
VERSIONS) 

The  AD664's  mode  select  feature  allows  a  user  to  configure  the 
gain  ranges  and  output  modes  of  each  of  the  four  DACs.  On-board 
switches  take  the  place  of  up  to  eight  external  relays  that  would 
normally  be  required  to  accompUsh  this  task.  The  switches  are 
programmed  by  the  mode  select  word  entered  via  the  data  I/O 
port.  The  mode  select  word  is  eight  bits  wide  and  occupies  the 
topmost  eight  bits  of  the  input  word.  The  last  four  bits  of  the 
input  word  are  "don't  cares." 

F,igu»e  15  shows  the  format  of  the  MODE  SELECT  word.  The 
ffist  four  bits  determine  the  gain  range  of  the  DAC.  When  set 
to  be  a  gain  of  1,  the  output  of  the  DAC  spans  a  voltage  of  1 
times  the  reference.  When  set  to  a  gain  of  2,  the  output  of  the 
DAC  spans  a  voltage  of  2  times  the  reference. 

The  next  four  bits  determine  the  mode  of  the  DAC.  When  set 
tsi  UNIPOLAR,  the  output  goes  from  0  to  REF  or  0  to  2REF. 
When  the  BIPOLAR  mode  is  selected,  the  output  goes  from 
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Figure  15.  Mode  Select  Word  Format: 


Load  and  Update  Mode  of  One  DAC 

In  this  next  example,  the  object  is  to  load  new  mode  infonnation 
for  one  of  the  DACs  into  the  first  rank  of  latches  and  then 
immediately  update  the  second  rank.  This  is  done  by  putting 
the  new  mode  information  (8-bit  word  length)  onto  the  databus. 
Then  MS  and  LS  are  pulled  low.  Following  that,  CS  is  pulled 
low.  This  loads  the  mode  information  into  the  first  rank  of 
latches.  LS  is  then  brought  high.  This  action  updates  the  second 
rank  of  latches  (and,  therefore,  the  DAC  outputs).  The  load 
cycle  ends  when  CS  is  brought  high. 

In  reality,  this  load  cycle  really  updates  the  modes  of  all  the 
DACs,  but  the  effect  is  to  only  change  the  modes  of  those  DACs 
whose  mode  select  infonnation  has  actually  changed. 
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Figure  16a.  Load  and  Update  Mode  of  One  DAC 
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Figure  16b.  Load  and  Update  Mode  of  One  DAC  Timing 
Preloading  the  Mode  Select  Register 

Mode  data  can  be  written  into  the  first  rank  of  the  mode  select 
latch  without  changing  the  modes  currently  being  used.  This 
feature  is  useful  when  a  user  wants  to  preload  new  mode  infor- 
mation in  Anticipation  of  strobing  that  in  at  a  future  time.  Figure 
17  illustrates  the  correct  seqtience  and  timii^  oif  control  signMs 
to  accomplish  i]bs  task.  '  ■'^i-''  '  i 

This  allows  the  user  to  "preload"  the  data  to  a  DAC  and  strobe 
it  into  the  outpiit  latch  at  some  future  time.  The  user  could  do 
this  by  rqirodudng  the  se^d^te  (tf^gnate' illustrated  idi  I^^M^ 
17c  and  17d. 
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Figure  17b.  Preload  Mode  Select  Register  Timing 
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Figure  17c.  Update  Second  Rank  of  Mode  Select  Latch 
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Figure  17d.  Update  Second  Rank  of  Mode  Select 
Latch  Timing 

TwMparent  Operation  (44-Pin  Versions) 
s^Tlnui^arent  operation  allows  data  from  the  inputs  of  the  AD664 
to  be  transferred  into  the  DAC  registers  without  the  intervening 
step  of  being  latched  into  the  first  rank  of  latches.  Two  modes 
of  transparent  operation  exist,  the  "partially  transparent"  mode 
and  a  "fiilly  transparent"  mode.  In  the  "partially  transparent" 
mode,  one  of  the  DACs  is  transparent  while  the  remaining  three 
continue  to  use  the  data  latched  into  their  respective  input  rasters. 
Both  modes  require  a  12-bit  wide  input  word! 

Fully  transparent  operation  can  be  thought  of  as  a  simultaneous 
load  of  data  from  Figure  9a  where  replacing  LS  with  TR  causes 
all  4  DACs  to  be  loaded  at  once. 

The  Fully  transparent  mode  is  achieved  by  asserting  lows  on 
QSO,  QSl,  QS2,  TR  and  CS  while  keeping  LS  high  in  addition 
to  MS  and  RB.  Figure  18a  illustrates  the  necessary  timing  re- 
lationships. Fully  transparent  operation  will  also  work  with  TR 
tied  low  (enabled).  i  ,  ^ 

is'—  


.  Figure  18a.  Fully  Transparent  Mode 
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Figure  18b.  Fully  Transparent  Mode  Timing 
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Figure  19a.  Partially  Transparent 
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the  first  rank  ui  l^ime  10a  without  requiring  tUe'additioiial  CS 

pulse  from  Figure  1 1 . 

The  partially  transparent  mode  is  achieved  by  setting  CS,  QSO, 
QST,  LS,  and  TR  low  while  keeping  RO  and  MS  high.  The 
address  of  the  transparent  DAC  is  asserted  on  DSO  and  DSl. 
Figure  19a  ilustrates  the  necessary  timing  relationships.  Partially 
transparent  operatien  will  ako  wtsk  with  TR  tiles  low  (enablied). 

OUTPUT  DATA 

Two  types  of  ouqnits  may  be  obtained  £rom  the  internal  data 
raters  of  the  AD664  chip,  mode  select  and  DAC  input  code 
data.  Readback  data  may  be  in  the  same  forms  in  which  it  can 
be  entered;  4-,  8-,  and  12-bit  wide  words  (12  bits  only  for  2g-pin 
versions). 

DAC  Data  Readback 

DAC  input  code  readback  data  is  dt^amed  by  aetting  the  address 
of  the  DAC  (DSO,  DSI)  and  Quads  (dSO,:QSl,  QS2)  on  the 


ADDRESS 
QSO,  QS1,  QS2, 
DSO,  0S1 


Figure  20a.  DAC  Input  Code  Readback 
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Figure  20b.  DAC  Input  Code  Readback  Timing 

address  pins  and  bringing  the  RD  aiid  CS  pimC^nr.  The  timing 
diagram  for  a  DAC  code  icadbai3c  apeaiamitigeiin  in 

Mode  Data  BeaiUback   

Mode  data  is  read  bade  id'  a  similar  fashion.  By  setting  MS, 
QSO,  QSl,  RD  and  CS  lo#  while  setting  TR  and  RST  high,  the 
mode  select  word  is  presentee!  to  the  I/O  port  pins.  Figure  21 
shows  the  timing  diagram  for  a  readteck  of  the  mode  select  data 
register. 
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Figure  21a.  Mode  Data  Readback 
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Figure  21b.  BAC  Mode  Readback  Timing 
Output  Loads 

Readback  timing  is  tested  with  the  ouqmt  loads  shown  in 
Figure  22. 
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Figure  22.  Output  Loads 
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Asynchronous  Reset  Operation 

The  asynchronous  reset  signal  shown  in  Figure  23  may  be  asserted 
at  any  time.  A  minimum  pulse  width  (tRw)  of  90ns  is  required. 
The  reset  feature  is  designed  to  return  all  DAC  outputs  to 
0  volts  regardless  of  the  mode  or  range  selected.  In  the  44-pin 
versions,  the  modes  are  reset  to  unipolar  lOV  span  (gain  of  1), 
and  the  input  codes  are  rewritten  to  be  "Os."  Previous  DAC 
code  and  iIs0i3#j^MlNf^nCi^  erased.  '  j 


RST 


Figure  23a.  Asynchronous  Reset  Operation 
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Figure  23b,  Asyri^Komujs  fieset  Operation  TimvtBro':-  ' 

In  the  28-pin  versions  of  the  AD664,  the  mode  remains  unch^i^, 
the  appropriate  input  code  is  rewritten  to  reset  the  output  voltage 
to  0  volts.  As  in  the  44-piB  <^enions,  the  previous  ii^iu  data  is 
erased. 

At  power-up,  an  AD664  may  be  activated  in  either  the  read  or 
write  modes.  While  at  the  device  level  this  will  not  produce  any 
problems,  at  the  system  level  it  may.  Analog  Devices  recommends 
the  addition  of  a  simple  power-on  reset  scheme  to  any  system 
where  the  possibility  of  an  unknown  start-up  state  could  be  a 
problem.  The  simplest  version  of  this  scheme  is  illustrated  in 
Figure  24. 
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It  is  obvious  from  inspection  that  the  scheme  shown  in  Figure  ' 
24  is  only  appropriate  for  systems  in  which  the  RST  is  otherwise 
not  used.  Should  the  ii^^.^t^  to  use  the  RST  pin,  an  additional 
logic  gate  may  beliiclwled  ^icombine  the  pow^-on  reset  with 
the  reset  signal. 

INTERFACING  THE  AD664  TO  MICROPROCESSOKS 

The  AD664  is  easy  to  interface  with  a  wide  variety  of  popular 
microprocessors.  Common  architectures  include  processors  with 
dedicated  8-bit  da^^d  ^'^^ess  buses,  an  8-bit  bus  over  which 
data  and  addrrajrweaitll^texed,  an  8-bit  data  and  16-bit  address 
partially  muxed,  and  separate  16-bit  data  and  address  buses. 

AD664  addressing  can  be  accompUshed  through  either  memory- 
mapped  or  I/O  techniques.  In  memory-mapped  schemes,  the 
AD664  appears  to  the  host  microprocessor  as  RAM  memory. 
Standard  memory  addressing  techniqties  ut  used  to  select  the 
AD664.  In  the  I/O  schemes,  the  ADSd^iS  tfeatsd  ts  aB-«a^nal 
I/O  device  byjttie  bost.  Dedicated  ffi^Ai'ii~&i'to^teli6ess 

the  ADe64.  -  •   

MC6801  Interiace 

In  Figtires"Z5a-2Sd)  we  illustrate  a  few  of  the  van^iis  methods 
that  can  be  used  to  connect  ^  AD664  tp.the  papular  MC6801 
microprocessdirrlia  each  oif  &ese  cases,  iehe1^C%i01  is  intoided 
to  be  configured  in  its  expanded,  nonmultiplexed  mode  of  oper- 
ation. In  ^s  mode,  the  MC6801  can  address  256  bytes  of  ext^al 
memory  over  8-bit  data  (Poa  |)  and  8-bit  address  (Port  4)  buses. 
Eight  general-purpose  I/O  l^els  (Port  1)  are  also  available.  On- 
board RAM  and  ROM  provide  program  and  data  storage  space. 

In  Figure  25a,  the  three  least  significant  address  bits  (P40,  P41 
and  F42)  ate  employed  to  select  the  appropriate  on-chip  addresses 
for  the  various  input  registers  of  the  AD664.  Three  I/O  lines 
(P17,  P16  and  PIS)  are  used  to  sdect  various  operating  features 
of  the  the  AD664.  IOS  ,aif4  E(nable)  are  combined  to  produce 
an  appmifMi.QSspiHili.  Ws-addi«si^f$ta^ei-J$8m^  five, 
most  significant  address  bits  and  five  I/O  lines  @nee>  fw  c 
tasks  in  the  system. 

Figure  25b  shows  another  way  to  interface  an  AD664  to  the 
MC68Q1,  Here  we've  used  the  ax  least  sign^cant  address  lines 
to  select  AD664'  feanifes  iind  renters-  This  is.  a  purely  memory- 
m^pffti  Bc^ieine.vMc  ti^.oii«itt)ustitied  in  Wmmr'il$%  wm-/.  ■  .a 
some  memory-mapping  as  well  as  some  dedicated  I/O  pins.  In 


.'I 


^^jd^  2Sa.  Simple  ABSM  to  AfG6l^^||^i^^^^'j 


Figure  2Sb,  two  address  lines  and  all  eight  I/O  lines  remain  free 
for  other  system  tasks. 

Eiqwnsion  of  tiie-sdle^  en^doyed  iii  Figuft  2Sa  results  in  that 
shown  ia  Figure  2^:  Htm,  two  AtyS^As  ax^  ccnitfected  to  an 
MC6801,  providing  a  total  of  eight  12-bit,  software  programmable 
DACs.  Again,  the  three  least  significant  bits  of  address  are  used 
to  sdeet  (bfiteiif^^tKsisuars  iif  die  AD664.  lOS  and  E,  as  well 


AD664  I 


as  a  fourth  address  bit,  ate  decoded  to  provide  the  appropriate 
CS  signals.  Four  address  and  five  I/O  lines  remain  tmcommitted. 

A  slightly  more  sophisticated  approach  to  system  expansion  is 
illust^ted  in  Figure  25d.  Here,  a  74LS138  (I-of-8  decoder)  is 
used  to  address  one  of  the  eight  AD664s  connected  to  the  MC6801 . 
The  three  least  significant  address  bits  are  used  to  select  on-chip 
register  and  DAC.  The  next  three  address  bits  are  used  to  select 
the  appropriate  AD664.  lOS  and  E  gate  the  74LS138  output. 
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Figure  25b.  Alternate  AD664  to  MC6801  Interface 


Figure  2Sc  Inmfadng  Two  AD664s  to  an  MCBSOI 
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The  schemes  in  Figure  25  illustrate  some  of  the  trade-offs  which 
a  designer  may  make  when  configuring  a  system.  For  example, 
the  designer  may  use  I/O  lines  instead  of  address  bits  or  vice 
versa.  This  decision  may  be  influenced  by  other  I/O  tasks  or 
system  expansion  requirements.  He/she  can  also  choose  to  im- 
plement only  a  subset  of  the  features  available.  Perhaps  the 
RST  pin  isn't  really  needed.  Tying  that  input  pin  to  Vlogic 
frees  up  another  I/O  or  address  bit.  The  same  consideration 
applies  to  mode  select.  In  all  of  these  cases  TR  is  shown  tied  to 
Vlogicj  because  the  MC6801  cannot  provide  the  12-bit-wide 
input  word  required  for  the  transparent  mode.  In  situations 
where  transparent  operation  isn't  required,  and  mode  select  is 
also  not  needed,  the  designer  may  consider  specifying  the  DIP 
version  of  the  device  (either  the  UNI  or  BIP  version). 


Each  of  the  schemes  illustrated  in  Figure  25  operates  with  an 
MC6801  at  clock  rates  up  to  and  including  1.5MHz.  Similar 
schemes  can  be  derived  for  other  8-bit  microprocessors  and 
microcontrollers  such  as  the  8051/8086/8088/6502,  etc.  One 
such  scheme  den^Bped  for  thC:  80S1/AD664  is  iUustraced  in 
Figure  26. 

8051  Interface 

Figture  26  shows  the  AD664  combined  with  an  8051  |ji,controU» 
chip.  Three  LSBs  of  address  provide  the  quad  and  DAC  select 
signals.  Control  signals  from  Port  1  select  various  operating 
modes  such  as  readback,  mode  select  and  reset  as  well  as  providing 
the  LS  signal.  Read  and  write  signals  from  the  8051  are  decoded 
to  prcmde  the  CS  signal. 


Figure  25d.  Interfacing  Eight  AD664s  to  an  MC6801 
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IBM  PC*  Intuface 

Figure  27  illustrates  a  simple  inter&ce  between  an  IBM  PC  and 
an  AD664.  The  three  least  significant  address  bits  are  used  to 
select  the  Quad  and  DAC.  The  next  two  address  ^ts  are  used  . 
for  LS  and  MSs  In  this  sebeme,  a  12-bit  input  word  requires 
two  load  cycler,  an  S4te<iiMd'and  a  4-bit  word.  Another  write 


b  nt^fiUeA  tb  ttenifer  the'Word  or  words  previously  written  to  - 
the  second  rank.  A  12-bit-wide  word  again  requires  at  least  two 
lead  cycles;  one  for  the  SMSBs  and  four  for  the  LSBs.  The 
page  select  signal  produces  ii  CS  strobe  foe  any  address  fn»m 
300Hto31FH. 
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Figure  27.  AD664  to  IBM  PC  Interface 
*1BM  PC  is  a  tradenuufc  of  latematioiul  Business  Macliiaes  Corp. 
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Table  III,  shown  below  details  the  memory  locations  and  addresses 
used  by  this  interface. 


HEX 

A9 

A8 

A7 

A6 

AS 

A4 

A3 

A2 

AI 

AO 

REGISTER  SELECTED 

300 

C 

( 

) 

( 

( 

) 

) 

0 

0 

0 

Illegal  Address  ^: 

301 

0 

0 

1 

Mode  Select,  1st  Rank 

302 

0 

1 

0 

Illegal  Address 

303 

0 

1 

1 

Mode  Select,  1st  Rank 

304 

1 

0 

0 

Illegal  Address 

30S 

1 

0 

1 

Mode  Select,  1st  Rank 

306 

1 

1 

0 

lUegal  Address 

307 

1 

1 

1 

Mode  Select,  1st  Rank 

308 

1 

0 

0 

0 

Mode  Select,  2nd  Rank 

009 

0 

0 

1 

30A 

0 

1 

0 

iOB 

0 

1 

1 

30C 

1 

0 

0 

<^.-  -J 

30E 

1 

1 

0 

1 

t  -  "- 
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n 

 ai 

310 

0 

0 

0 

DACA,4LSBs,  1st  Rank 

311 

0 

0 

1 

DAC  A,  8MSBs,  1st  Rank 

312 

0 

1 

0 

DAC  B,  4LSBs,  1st  Rank 

313 

0 

1 

1 

DACB,gMSBs,lstRuik 

314 

1 

0 

0 

DACC,4LSBs,  1st  Rank 

315 

1 

0 

I 

DAC  C,  8MSBs,  1st  Rank 

316 

1 

1 

0 

DAC  D,  4LSBs,  1  st  Rank 

317 

1 

1 

1 

DAC  D,  8MSBs,  1st  Rank 

318 

1 

0 

0 

0 

2nd  Rank  flH 

,319 

0 

0 

1 

f31A 

0 

1 

a 

piB 

0 

1 

1 

|ic 

1 

0 

0 

BID 

1 

0 

1 

Note:  andedicgiMcnweicidable. 


Tablelll.  IBM  PC  Memory  Map 
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The  following  IBM  PC  Basic  routine  produces  four  output 
voltage  ramps  from  one  AD664.  Line  numbers  10  through  70 
define  the  hardware  addresses  for  the  first  and  second  ranks  of 
DAC  registers  as  well  as  the  first  and  second  ranks  of  the  mode 
select  register.  Program  variables  are  initialized  in  line  numbers 
110  through  130.  Line  number  170  writes  "Os"  out  to  the  first 
rank  and,  then,  the  second  rank  of  the  mode  select  register. 


AD664 


Line  numbers  200  through  320  calculate  output  voltages.  Finally 
line  numbers  410  through  450  update  the  first,  then  the  second 
ranks  of  the  DAC  input  registers.  Hardware  registers  may  be 
read  with  the  "INP"  instruction.  For  example,  the  contents  of 
the  DAC  A  register  may  be  accessed  with  the  following  qpm- 
numd:  Line#  A=INP(DACA). 


1 


5  REM  A0664LISSAJ0USPAnERNS   ,  

  10  REM ---ASSIGN  HARDWARE  M»f!£39B*"  Is 

20  DACA  =  785  ' 

"  „  3D  DACB  =  7B7 

-         40  D*CC  =  789  -  , 

:  j^-zr  vr  -  50  DACD  =  79I  ' 

-  -       '         60  DAC2ND  =  792  '       -'-      "  -"t  ' 

.70  MODE  1  =m9:M0DE2  =  776  ...   ! 

80  REM  -  :  :.:  ^ 

90  REM 

100  REM— -INITIALIZE  VARIABLES—  ■    \  -g 

no  X=0:Y1  =  128:Y2  =  64:Y3  =  32  -    '  « 

:    .  120  CX  =  1:CY1  =  1:CY2  = -1:CY3  =  1 

130  FX  =  9;FV1  =5:fY2=l3;FY3=15 

jio  140  REM  ■        .  . 

150  REM 

^Af  -  160  REM ---INITIALIZE  M00ESANDGAINS-—  . 

170  OUT  MODE  1,0:  OUT  M0DE2,0 

180  REM 

.      it90  REM 

200  REM ---CALCULATE  VARIABLES- -- 

210  X  =  X  +  FX*CX 

220  Yl  =Y1  +  FY1*CY1 

230  Y2  =  Y2  +  FY2*CY2 

240  Y3  =  Y3  *■  FY3*CY3 

vj.-J   250  IF  X  :  255  THEN  X  =  255:  CX  = -1:  GOTO  270 

*  260  IFX  <  OTHENX  =  0:CX  =  1 

270  IFYl  >  255THENY1  =  255:CY1  =-l:GOf0290^- 

280  IFYl  <0THENV1  =0:CV1  =  1 

290  IF  Y2  >  255  THEN  Y2  =255:  CY2=-  I;  GOTO  310 

300  1FV2<0THENY2  =  0:CY2=-1 

310  IF  Y3  >  255  THEN  Y3  =  255:  CY3=- 1 : GOTO  400 

320  IFY3<0TH£NY3=O:CY3=1 

330  REM 

340  REM 

400  REM ---SEND  DAC  DATA— 

41  0  OUT  [)ACA,X 

420  OUTOACB.Yl 

430  OUT  DACC;/2 

440  OUT  DACD,Y3 

450  OUT  DAC2ND,0 

500  REM 

510  REM 

520  REM ---LOOP  BACK-- - 

530  GOTO  210 


mv.  A 
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Figure  29.  AD664  in  "Tester-per-Pin"  Architecture 
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APPLICATIONS  OF  THE  ADC64 

"Tester-per-Pin"  ATE  Architecture 

Figure  29  shows  the  AD664  used  in  a  single  channel  of  a  digital 
test  system.  In  this  scheme,  the  AD664  supplies  four  individual 
output  voltages.  Two  are  provided  to  the  Vhigh  and  Vlow 
inputs  of  the  AD34S  pin  driver  I.C.  to  set  the  digital  output 
levels.  Two  others  are  routed  to  the  inputs  of  the  AD96687  dual 
comparator  to  supply  reference  levels  of  the  readback  feattures. 
This  approadi  can  be  replicated  to  give  as  many  chaimels  of 
stimulus/readback  as  the  tester  has  pins.  The  AD664  is  a  par- 
ticulady  appropriate  dioice  for  a  large-scale  system  because  the 
low  powo'  requiiements  (under  SOOmW)  ease  power  supply  and 
cooling  requirements.  Analog  ground  currents  of  600|iA  or  less 
make  the  ground  current  management  task,  simpfer.  All  DACs 
can  be  driven  &om  the  same  system  reference  and  will  track 
over  time  and  temperature.  Finally,  the  small  board  area  required 
by  the  AD664  (and  AD34S  and  AD96687)  allows  a  high  functional 
density. 
X-Y  Plotteis 

Figure  30  is  a  block  diagram  of  the  control  section  of  a  micro- 
processor-controlled X-Y  pen  ploner.  In  this  conceptual  exercise, 
two  of  the  DACs  are  used  for  the  X-channel  drive  and  two  are 
used  for  the  Y-chaimel  drive.  Each  provides  either  the  coarse  or 
fine  movement  control  for  its  respective  channel.  This  approach 
offers  increased  resolntian  cnet  some  otim  ajiproaches. 

A  designer  can  take  advantage  of  the  reset  feature  of  the  AD664 
in  the  following  manner.  If  the  system  is  designed  such  that  die 
"HOAIE"  positian  of  ^  jpen  (or  gt^anometa-,  beam,  head 
jjmilaF  laechaiiism)  tmiai^Aesa^mttpass    all  cf  tlie  'OXXk 
are  at  zero,  then  no  system  software  is  required  to  home  the 
pen.  A  simple  reset  signal  is  sufBcioit. 

Similarly,  the  transparent  feature  could  be  used  to  the  same 
end.  One  code  can  be  sent  to  all  DACs  at  the  same  time  to  send 


the  pen  to  the  home  positirai.  Of  course,  this  would  lequiie 
some  software  where  the  previouB  «amide  wenM  require  only  a 
single  reset  strobe  signal! 

Drawing  scaling  can  be  achieved  by  taking  advantage  of  the 
AD664's  software  programmable  gain  settings.  If,  for  example, 
an  "A"  size  drawing  is  created  with  gain  settings  of  1 ,  then  a 
"C"  size  drawing  can  be  created  by  simply  resetting  all  DAC 
gains  to  2  and  redrawing  the  object.  Conversely,  a  "C"  size 
drawing  created  with  gains  of  2  am  be  reduced  to  "A"  size 
simply  by  changing  the  gains  to  1  and  redrawing.  The  same 
princqxd  ai^lies  for  conversion  from  "B"  size  to  "D"  size  or 
"D"  size  to  "B"  size.  The  multiplying  c^bility  of  the  AD664 
provides  another  scaling  option.  Changing  the  reference  voltage 
provides  a  proporticmal  change  in  drawing  size.  Inverting  the 
reference  voltage  would  invert  the  drawing. 

Swapping  digital  input  data  from  the  X  dumnel  to  the  Y  dumnel 
would  rotate  the  drawing  90  degrees. 


TRANS  AOORESS  DATA  RESET 


Figure  30.  X-Y  Plotter  Block  Diagram 
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ADe64^ 


ORDERING  GUIDE 


Tcmpcriilurc 

Gain 

Ltnesirity 

Package 

Model' 

Range 

Output  Range 

Error 

Error 

OptUM^ 

AD664JN-UNI 

0°C  to  +70°C 

0  to  +Vref 

±7LSB 

±0.75LSB 

N-28 

AD664JN-BIP 

0°C  to  +70°C 

-Vrep  to  +VreF 

±7LSB 

±0.75LSB 

N-28 

AD664JP 

0°C  to  +70°C 

Programmable 

±7LSB 

±0.75LSB 

P-44A 

AD664KN-UNI 

0°CtD  +70°C 

0  to  +Vref 

±5LSB 

±0.5LSB 

N-28 

AD664KN-BIP 

CC  to  +70°C 

-Vrep  to  +Vref 

±5LSB 

±0.5LSB 

N-28 

AD664KP 

0°C  to  +70°C 

Programmable 

±5LSB 

±0.5LSB 

P-44A 

AD664AD-UNI 

-40°C  to  +85°C 

0  to  +Vref 

±7LSB 

±0.75LSB 

D-28A 

i\ijo\ytt\u  Diir 

—V        tn  4-V 

±7LSB 

+0  7ST  *!R 

D-28A 

AD664AJ 

-40°C  to  +85°C 

Programmable 

±7LSB 

±0.75LSB 

J-44 

AD664BD-UNI 

-40°C  to  +85°C 

0  to  +Vref 

±5LSB 

+0.5LSB 

D-28A 

AD664BD-BIP 

-40°C  to  +85°C 

-Vref  to  +Vref 

±5LSB 

±0.5LSB 

D-28A 

AD664BJ 

-40°C  to  +85''C 

Programmable 

±5LSB 

±0.5LSB 

J-44 

AD664BE 

-40°C  to  +85°C 

Programmable 

±5LSB 

±0.5LSB 

E-44A 

AD664SD-UNI 

-55°C  to  +125°C 

0  to  +Vrep 

±7LSB 

±0.75LSB 

D-28A 

AD664SD-BIP 

-55°C  to  +125°C 

-Vref  to  +Vref 

±7LSB 

±0.75LSB 

D-28A 

AD664TD-UNI 

-55°C  to  +  m°c 

0  to  +Vrep 

±5LSB 

±0.5LSB 

D-28A 

AD664TD-BIP 

-55°Cto  +125°C 

-Vref  to  +Vref 

±5LSB 

±0.5LSB 

D-28A 

NOTES  ' 

'For  details  on  grade  and  package  offerings  screened  in  accordance  with  MlL-STD-883,  refer  to  the  Analog 
Devices  Military  Prodacts  Databook  or  current  AD664/883B  data  sheet. 

'D  -  Cenmic  DI?;  E  =  Leadless  Ceramic  Chip  Carrier;  ]  =  Leaded  Chip  Carrier;  N  =  Plastic  DIP; 
jp  ~         Leaded  Ch^  Canier.  For  outline  infixcmation  see  Package  Information  section. 
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FEATURES 

Complete  12-Blt  D/A  Function 

Double- Buffered  Latch  _  J  

On  Chip  Output  Amplifier 

High  Stability  Buried  Zaner  Retarence 
Single  Chip  Construction 
IMonotonicity  Quarantaed  Over  Tampwatura 
Linearity  Guaranteed  Over  Temperature:  1/2LSB  max 
Settling  Time:  3|is  max  to  0.01% 
Guarafitaad  for  Operation  with  ±12V  or  ±15V 


Low  Power:  300mW  Including  Reference 
TTL/5V  CMOS  Compatible  Logic  Inputs 
Low  Logic  Input  Currents 
MIL.STD-8»I 


FKODUCr  DESCRIPTION 

The  AD667  is  a  comidete  vidtage  ooQiut  12-lrit  digital-tD-analog 
converter  including  a  hi^  statnliQr  bmied  Zener  volaqge  rcEerenoe 
and  double-buffered  input  latdi  on  a  single  ch^.  The  converter 
uses  12  precision  high  speed  bqxdar  current  ste^ag  switdKs 
and  a  laser  trimmed  thin  film  resistor  oscnotk  to  provide  hst 
settling  time  and  high  accuracy. 

Microprocessor  compatibility  is  achieved  by  the  on-chip  double- 
buffered  latch.  The  design  of  the  input  latch  allows  direct  interface 
to  4-,  8-,  I2-,  or  16-bit  buses.  The  12  bits  of  data  from  the  first 
rank  of  latches  can  then  be  transferred  to  the  second  rank, 
avoiding  generation  <^  spurious  analog  output  values.  The  latch 
responds  to  strobe  pulses  a)LMKKLttl.lOOQ«ijdlowing  use  with 
die  &stest  available  inicr(q>rocessors. 

The  functional  completeness  and  high  performance  in  the  AD667 
results  from  a  combination  of  advanced  switch  design,  high 
speed  bipolar  manufacturing  process,  and  the  proven  lasei;  wafer- 
trimming  (LWT)  technology.  The  AD667  is  trimmed  at  - 
wafer  level  and  is  specified  to  ±  1/4LSB  maximntn  linearity 
error  (K,  B  grades)  at  2S°C  and  ±  1/2LSB  over  the  full  operating  ' 
temperature  range. 

The  subsurface  (buried)  Zener  diode  on  the  chip  provides  a 
low-noise  voltage  reference  which  has  long-term  stability  and 
temperature  drift  characteristics  comparable  to  the  best  discrete 
reference  diodes.  The  laser  trinuning  process  which  provides  the 
excellent  linearity,  is  also  used  to  trim  the  absolute  ralue  of  the 
reference  as  well  as  its  temperamre  coefficient.  TheM>667  ar 
thus  well  suited  for  wide  temperature  range  petfeimanEe  vrath 
±  1/2LSB  nmimam  linearity  error  and  gnaianleed  monolonicitgr 
over  the  full  temperature  range.  T^pidd  fiill-Aale  gain  T.C.  is 
Sppln/°G. 


The  A]^7  is  ayaOabk  in  five  performance  grades.  The  AD667J 
imd  K  are  specified  for  use-over  the  0  to  +70°C  temperamre 
range  and  are  available  in  a  28-^  molded  fSagdc  DIP  (N)  or 
InXC  (F)  padcage.  The  AD667S  grade  U  specified  for  the 
-  SS°G  to  -I-  12S°C  range  and  is  available  in  the  ceramic  DIP 
(D)  or  LCC tE)  package.  The  AD667A  and  B  are  specified  for 
use  over  the  ^  iS°C  to  -I-  8S°C  temperature  range  and  are  available 
in  a  28-pin  hermetically  seded  ceramic  DIP  (D)  package. 

PRODUCT  HIGHLIGHTS 

1 .  The  AD667  is  a  complete  voltage  output  DAC  with  voltage 
reference  and  digital  latches  on  a  single  IC  chip. 

2.  The  double-buffered  latch  structure  permits  direct  interface 
to  4-,  8-,  12-,  or  16-bit  data  busm^  illlJsi^lliputs  are  TTL 
or  5  volt  CMOS  compatible. 

3.  The  internal  buried  Zener  reference  is  laser-trimmed  to  10.00 
volts  with  a  ±  1%  maximum  error.  The  reference  voltage  is 
also  available  for  external  application. 

4.  The  gain  setting  and  bipolar  offset  resistors  are  matched  to 

I    the  internal  ladder  network  to  guarantee  a  low  gain  temperature 
'    coefficient  and  are  laser-trimmed  for  miniiniim  full  scale  and 
bipolar  offset  errors. 

5.  The  precision  high  speed  current  steering  switch  and  on-board 
high  speed  output  amplifier  settle  within  1/2LSB  for  a  lOV 
full  scale  transition  in  2.0)is  when  properly  compensated. 

6.  The  AD667  is  available  in  versions  compliant  with  MIL-STD- 
883.  Refer  to  the  Analog  Devices  Military  Products  Databook 
or  casm^J^OflfiJJiiSB  data  sheet  for  detailed  specifications. 
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Mia  Xjp        Max  . 

.Mi>  T»>  .     Max  - 

IMU-  

DIGITAL  INPUTS 
Resoludon 

Logic  Levels  (TTL  Compatible,  T,^~Tp^' 
Vra(Lopc"n 

Vn. (Logic  "O"^  '•  ■    i  ■      '    '    t'  '  ! 
Ira  (V,„  =  5.5V) 
Iil(V,l  =  0.8V) 

12 

+2.0  +5.5 

3  10 

1  S 

12 

+2.0  +5,5 
0  +0.8 
3  U 
1  S 

Bin 

V 
V 
(tA 
cA 

TRANSFER  CHARACTERISTICS 
ACCURACY 

Linearity  Error  (a  +25X 

TA  =  T„u„toT^ 
Differential  Linearity  Error  @  +  25°C 

TA  =  T™„toT^ 
GainError^  I 
Un^olar  Offset  Error^  ^' 
BigolarZen)^           ^ .   ^     _  . 

±1/4  ±1/2 
±  1/2  ±3/4 
±  1/2  ±'3/4 
.  Monatonlcity  Guaranteed 

_   -           ±0.1  ±0.2 
±1  ±2 
_  ±0.05  ±0.^ 

±1/8  ±1/4 
±1/4  ±1/2 
±1/4  ±1/2 
Monotonicity  Guaranteed 
±0.1  ±0.2 
±1  ±2 
±0.05  ±0.1 

LSB 

LSB 

LSB 

LSB 

%FSR^ 

LSB 

%  of  FSR 

DRIFT                                 .  ^ 
Di&rential  Linearity 
Gain  (Full  Scale)  Ta = 25X  to  T„i  or  T„„ 
Unipolar  Offset  Ta  =  2SX  to  T,^  or  T,„„ 
Bipolar  Zero  Ta  =  25X  to  T^  or  T„„ 

.  ;-±2 

■  JtS      ■  ±30 
±1         ±3  ' 
_.±S.  -*10-* 

±2 

±5  ±15 

ppmofFSR/°C 
H>mofFSR/°C 
ppiBOfFSR/°C 

CONVERSION  SPEED 

Settling  Time  to  l0.01%ofFSR  for 
FSR  Change  (2kn||500pFload) 
with  lOkn  Feedback 
with  5kn  Feedback 
For  LSB  Change 
Slew  Rate 

3  4 
2  3 
1 

10 

3  4 

2  3 
1 

10 

I" 

(IS 
(IS 

V/jis 

ANALOG  OUTPUT 
Ranges'* 

Output  Current 
'OiitpatIinpedance(dc) 
Short  Circuit  Current'' 

±2.5,  ±5,  ±10, 
+  5, +  10 

±5 

0.05 

40 

±2.5,  ±5,  ±10, 
+  5,  +10 

±5 

0.05 

40 

V 

mA 

n 

mA 

REFERENCE  OUTPUT 
External  Current 

9.90         10.00  10.10 
0.1    '  1.0 

9.90         10.00  10.10 
0.1  1.0 

V 

mA 

POWER  SUPPLY  SENSITIVITY 
Vcc  =  +  11.4to  +  16.5V  dc 
Vee=  -ll.4to-16.5Vdc 

5  10 

■■■■S     -•■  10. 

-J.,.  .,.'^■■1 

ppmofFS/% 
ppmofFS/% 

POWER  SUPPLY  REQUIREMENTS 
Rated  Voltages 

Range*                     ,  . 
Supply  Current 

+  11.4to  +  16.5V  dc  ■ 

-lI.4to- 16.5V  dc 

8  ii 

"       20'   ■  25' 

±12,  ±15 
±11.4  '  ±16.5 

i'.  u. 

20  25 

V 

mA 
mA 

TEMPERATURE  RANGE 
Specification 
Storage 

0  +70 
-65  +125 

0  +70 
-«       '•'  +125 

■  X 

NOTES 

'The  digital  input  specifications  are  100%  tested  at  +  25''C,  and  guaranteed  but  not  tested  over  die  luA  OnBpO'Siik!' rkngeC'     -'  ■ 
'Adjustable  to  zero.  .  T     -  t    '  ■  .  ■ 

'FSR  means  "Full  Scale  Range"  and  is  20V  for  ±  lOV  range  and  lOV  for  the  ±5V  range. 

minimum  power  supply  of  ±  12.5V  is  required  for  a  ±  lOV  full  scale  output  and  ±  1 1 .4V  is  teqiiiml  for  all  odier  volt^  ranges. 
Specifications  subject  to  change  without  notice. 

^tedfications  shown  in  boldface  are  tested  on  all  production  units  at  final 
electrical  test.  Results  from  those  tests  are  used  to  calculate  outgoing  quality 
levels.  All  min  and  max  specifications  are  guaranteed,  althoi%h  only  those 
shown  in  boldface  are  tested  on  all  production  tmhs. 


TIMING  SPECIFICATIONS 

(All  Models,  Ta  =  ZS-C,  Voc  =  +  12V  or  +  ISV, 

VEE=-12Vor-15V) 

Symbol  Parameter  Min 

toe        Data  Valid  to  End  of  CS   50 

t^c        Address  Valid  to  End  of  CS  100 

tcp         CS  Pulse  Width  100 

toH        Data  Hold  Time  0 

*SETT      Output  Voltage  Settling  Time  - 


ABSOLUTEMAXIMUMRATINCS 

Vcc  to  Power  Ground  OV  to  +  18V 

Vee  to  Power  Groimd  OV  to  -  18V 

Digital  Inputs  (Pins  11-15, 17-28) 

to  Power  Groimd  —  1.0Vto+7.0V 

Ref  In  to  Reference  Groimd  ±  12V 

Typ  Max  Bipolar  Offset  to  Reference  Groimd  ±  12V 

_      _       ns        lOV  Span  R  to  Reference  Ground  ±  12V 

_      _       ns       20V  Span  R  to  Reference  Ground  +24V 

_  _  ns  Ref  Out,  VouT  (Pins  6,  9)  .  .  Indefinite  short  to  power  ground 
-  -  ns  Momentary  Short  to  Vcc 
2      4      (IS       Power  Dissipation  lOOOmW 
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Min  Max 

Mia        Typ  Mai 

ADMTS 
Min        Typ  Max 

Unlta 

DIGITAL  INPUTS 
Resolution 

hoffc  Levels  (TTL  CompauUe,  T|rtB-Tmn)' 
VmCLogic"!'*)               "  -r' 

IlH(Vm=5.5V) 
In.(Vu.=0.8V) 

U 

+2.0  +5.5 
0  +0.8 

3  :  10 
1  5 

12  t, 

+1J»  +S.5 
0  +0.8 
3  10 
1  5 

.                 '  n  - 

*2#*'""-*^  +5.5 
9'  +0.7 
!          3  10 
1  5 

1  >>11 

TRANSFER  CHARACTERISTICS 
ACCURACY 
Uilcuit;Em>c@ 

Ta=Ti^ioT„ 
Differential  Linearity  Error  @  4-2S°C 

Ta  =  TnuB  to  Touz 

GainError^ 

UnipolarO&etEnor^. . 
Bipolar  Zero'  ■ 

±1/4  ±1/2 
±1/2  ±3/4 
±1/2  ±3/4 
JMonotonicily  Guaranteed 
±0.1  ±0.2 
±1  ±2 
±0.05  ±0.1 

±1/8  ±1/4 
±1/4  ±1/2 
±1/4  ±1/2 
Monotonicity  Guaranteed 

±0.1  ±0.2 
±1  ±2 
±0.05  ±0.1 

±1/8  ±1« 
±1/2    ;  ±3/4 

'"'=.!       ±1/4  ±3/4 

Monotooiciiy  Guaranteed 

±0.1  ±0.2 
±1  ±2 
±0.05  ±0.1 

LSB 
LSB 

LSB 

LSB 

%  of  FSR' 
LSB 

%ofFSR 

DRIFT 

Differentia]  Linearity 
Gain  (FuU  Scale)  TA  =  25XloT^orT^ 
UnipolaTOffsel     =  25°C  to       or  T,^ 
Bipolar  Zero  Ta  =  25X  to  T,j^  or  T^u 

±5  ±30 
±1  ±3 
±5  ±10 

±2 

±5  ±15 
±3 
±10 

±2 

±15  ±30 
±3 

'■'         '  ±10 

ppmofFSR/X 
ppm  of  FSR/°C 
ppmof  FSR/^ 
ppmofFSR/X; 

CONVERSION  SPEED 

t" 

|U 

|i.S 

V/|is 

Settling  Time  to  ±0.01%of  FSRfor 
FSR  change  (2kfl||S00pFk»d) 
with  lOkfl  Feedback  ' 
wilhSkfl  Feedback  < 

ForLSBChange              1.    ;  ; 
Slew  Rate,.  ,             jova  Ulu  . 

3  4 

2  3 

10 

4  >■'..- .■•4-.: 
2  3 
1 

10 

•             3  -          4  ■ 
2  3 
1 

10 

ANALOG  OUTTOT 

Output  Cunent                     ■ ' 
Ohqmt  Impedance  (dc) 
ShoitCiteilitCttrent 

±2.5,  ±5,  ±10, 
+  5,  + 10 

±5 

'  0.05 

40 

±2,5,  ±5,  ±10, 

+.5,'+'fo"',_,,,_ 

±5 

0.05 

40 

0.05 

40 

"            .  { 
mA  ' 

mA 

REFERENCE  OUTPUT 
External  Current 

9.90         10.00  10.10 
0.1  1.0 

9.90        10.00  10.10 
0.1  1.0 

9M        10.00  10.10 
O.I  LO 

mA 

POWER  SQJFPLTSENSfl^VFl'V  ■  J  f '  -.'C  •  i  '  >i 
Vcc=  +11.4to  + 16.5V  dc 
Vee=  -11.4to- 16.5V  dc 

\l  f.  -  ■■ 

5            10  . 
5  10 

■        5  10 
5  10 

S  10 
5  10 

ppmofFS/% 
ppmof  FS/% 

POWER  SUPPLY  REQUIREMENTS 
Rated  Vdlages 
Range' 

Supply  Current 

+  11.4to  +  16.SVdc 
-1I.4IO- 16.5V  dc 

±12,  ±15 
±11.4  ±16.5 

8  12 
20  25 

±  12,  ±  15 
±11.4  ±16.5 

8  12 
20  25 

±12,  ±15 
±11.4  ±16.5 

8  12 
20  25 

V 
V 

mA 
mA 

Tanpafi^WRERANGE  '  " 
Specification 
Sracige 

-25  +85 
-65  +150 

-25         ,  +85 
-65  +150 

-55  +^5 
-65  +150 

X. 
K 

TIMING  DIAGRAMS 

WRITE  CYCX£  #1 

(Load  Fiat  Rank  from  Data  Bus;  A3=  1) 


WRITE  CYCLE  #2 

(Load  Second  Rank  bam  Fiist  Rank;  A2,  AI,  A0=  1) 


5  I'l.u'in--; 


?i'r^'5">-4iilif  0  iiOT.frW  -.tiB^'oV  )^-iJ,mO  .i  wfcl 


EmiTAh-TOrmALOQ  Gommjms,  zaiii 


20V  SPAN  [T 
10V  SPAN  pr 
SUMJCT.  [V 
BIPOFF 
AGND 
Vref  out  [  6 
Vmf  in  [T 
+  Vcc  [T^ 

VoUT  [J] 

cs  [i7 

A3  [l7 

A2  [l7 
Al  fu 


■^V^  


PIN  CONNECTIONS 


28]  DB11  {MSB) 
2?]  DB10 

ill 

Is]  oea 

IT]  DB7 

~aj  DB6         — ~~ 

22]  DB6 
~2^  \  DB4 
lo]  DB3 
"19]  DB2 
li]  DB1 
77]  DBG  (LSB) 
^  POWER  GROUND 
"15]  AO 


-  •MWTE  DIP  PACKAGE  PIN  NUMBERS 


l>  I  JiHi  SAME  FUNCTION. 


I  3  g  g  s  s 

m    w    r    <M    a  o 


LiJHML5)LfJL:lbiJ 

3-  a ' 


si  2  ° 
2g  i 
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THE  OFFERS  TRUE  12-BIT  PERFORMANCE 

OVER  THE  FtJIX  TEMPERATURE  RANGE 

LINEARjfTY  ERROR:  Analog  Devices  d^es  linearity  error 
as  &&  miiatiimim  deviation  of  the  actual,  adjusted  DAC  output 
Scorn  the  ideal  analog  output  (a  strai^t  line  drawn  from  0  to 
F.S.  -  ILSB)  for  any  bit  combination.  The  AD667  is  laser 
trimmed  to  1/4LSB  (0.006%  of  F.S,)  maaiium  error  at  +  2S°C , 
for  the  k  and  B  versions  and  1/2LSB  for  tke  J,  A  and  S 
versions. 

MONOTONICITV:  A  DAC  is  said  to  be  monotonic  if  the 
output  eidier  increases  or  remains  constant  for  increasing  digital 
mputs  such  thA  the  output  wQl  always  be  a  nondeciea£ig 
function  of  input.  All  versions  of  the  AD667  are  monotonic  over 
their  full  operating  temperature  range. 

DIFFERENTIAL  NONLINEARITY:  Monotonic  behavior 
requires  that  the  differential  linearity  error  be  less  than  ILSB 
both  at  +  2S°C  and  over  the  temperature  range  of  interest. 
Differential  nonlinearity  is  the  measure  of  the  variation  in  analog 
value,  normalized  to  jbll  scale,  associated  mth  a  ILSB  change 
m  digital  input  code.  For  example,  for  a  10  volt  fiill  scale  output, 
a  change  of  ILSB  in  digital  input  code  should  result  in  a  2.44mV 
change  in  the  analpg  output  (1LSB=  lOVx  l/4096  =  2.44mV).  If 
jn.aciiij9l.m£^jiissii»ea^«^]LiB.d^ 


in  m  diange  of  only  0.61mV  (1/4LSB)  in  analog  output,  the 
differential  linearity  error  would  be  -  1.83mV,  or  -3/4LSB. 
The  AD667K  and  B  grades  have  a  max  differential  linearly 
error  of  1/2LSB,  which  specifies  that  every  Meg  will  be><at  least 
1/2LSB  and  at  most  I  1/2  LSB.  '   .     i  o  ' 

ANALOG  CIRCUIT  CONNECTIONS  ' 

Internal  scaling  resistors  prodded  in  the  AD667  may  be  coimected 
to  produce  bipolar  output  voltage  ranges  of  ±10,  ±  5  or  ±  2.5V 
or  imlpolar  output  voltage  ranges  of  0  to  +  5V  or  0  to  +  lOV. 

Gain  and  offset  drift  are  minimized  in  the  AD667  because  of  the 
thermal  tracking  of  the  scaling  resistors  with  other  device  com- 
ponents. Connections  for  various  output  voltage  ranges  are 
shown  in  Table  I^ 

-     -  --\- 


FROM  WEIGHTED 
RESISTOR  — < 
NETWORK 


SUMMING 
JUNCTION 


5kn 

-wv- 


-0^ 


Figure  T.  Output  Amplifier  Voltage  Range,  Scaling  ,Clmuit 


Output  Digital 


Connect     Connect     Connect  Connect 


+  10V 
±5V 
+  2.5V 


Input  Codes 

Offset  Bmary 
Offset  Binary 
Ofi^et  Binary 


FSn9to 
1 

1  and2 
2 


FiBlto 
9 

2and9 

3  ' 


Pin2to  Pin4to 

NC  6  (through  son  fixed  or  lOOfltrim  resistor) 

land  9  6  (through  SOH  fixed  or  lOOfltrim  resistor) 

9  6  (through  son  fixed  or  lOOfltriinr^stor) 

imM9i:  l.^>^il^gBtli!e^M'$eeFq 


Tatrie-f.-  Oatptit  Voltage  Range  Connections 
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Analog  Circuit  Details— AD667 


UNIPOLAR  CONFIGURATION  (Fignte  2) 

This  configuration  will  provide  a  unipolar  0  to  -1-10  volt  output 
range.  In  this  mode,  die  bqmlar  ofGwt  terminal,  pin  4,  should 
be  gtonnded  if  not  used  tot  trimming. 


Figure  2.  0  to  +  70V  Unipolar  Voltage  Output 
STEP  1  .  .  .  ZERO  ADJUST 

Turn  all  bits  OFF  and  adjust  zero  trimmer  Rl,  until  the  output 
reads  0.000  volts  (lLSB=2.44mV).  In  most  cases  this  trim  is 
not  needed,  and  pin  4  should  be  connected  to  pin  S. 

STEP  n  .  .  .  GAIN  ADJUST 

Turn  all  bits  ON  and  adjust  lOOO  gain  trimmer  R2,  until  the 
output  is  9.9976  volts.  (Full  scale  is  adjusted  to  ILSB  less  than 
nominal  full  scale  of  10.000  volts.) 

BIPOLAR  CONFIGURATION  (Figure  3) 

This  configuration  will  provide  a  bipolar  output  voltage  from 
-  S.OOO  to  +  4.9976  volts,  with  positive  fiill  scale  occurring  with 
dlMttON(alirs).  .  ..v..n-,vv..,"-  . 

STEP  I .  .  .  OFFSET  ADJUST 

Turn  OFF  all  hits.  Adiasi;40Q(][  trimgif«^^|^»  .  j 

vdIb  oaqwt.;;  . .  ■ 

STEP GAIN-ADJ^fTf..  :        .    .j-.t.  ::,  .t.  .■„.' 

Tttm  ON  tSk}ii»i^tS^am\Sa^fi3m^&m^i^ 

of -1-4.9976  vohs. 


Figures.  ± 5V Bipolar  Voltage  Output 

INTERNAL/EXTERNAL  REFERENCE  USE 
The  AD667  has  an  internal  low-noise  buried  zener  diode  reference 
ndiich  is  trimmed  for  absolute  accuracy  and  temperature  coefB- 
dent.  This  reference  is  buffered  and  optimized  for  use  in  a  high 
speed  DAC  and  wiU  giv^  long-tttm  stability  eqdill  or  superior  to 


the  best  discrete  zener  reference  diodes.  The  performance  of  the 
AD667  is  spedficxl  With  the' internal  referedce^'driving  the  DAC 
since  all  n^mkiiflindittsdiig  (especially  for  fiiU  scale  enW  and' 
bipolar  a£^is^dBncsin<11^«on^|h>f^tion. 

The  internal  reference  has  sufficient  buffering  to  drive  external 
circuitry  in  addition  to  the  reference  currents  required  for  the 
DAC  (typically  O.SmA Jp^Ref  In  and  l.pm^'  toj^ipo^r  Ofbet),  , ' 
A  minimum  cS  O.liflA  is  aireilable  for  Mving  external  loadi. 
The  AD667  reference  output  should  be  buffered  with  an  external 
op  amp  if  it  is  required  to  supply  more  than  0. 1mA  output 
current.  The  reference  is  typically  trimmed  to  ±  0.2%,  then 
tested  and  guaranteed  to  ±  1.0%  max  error.  The  temperature 
coefficient  is  compualile  io  diat  of  the  full  scale  TC  for  a  particular 
grade. 

If  an  external  reference  is  used  (lO.OOOV,  for  example),  additional 
trim  range  must  be  provided,  since  the  internal  reference  has  a 
tolerance  of  ±  1%,  and  ^  ,AD667  full-scale  and  bipolar  of&et 
are  both  trimmed  with  die  internal  reference.  The  gain  and 
offset  trim  resistors  give.jlKiut  ±  0.25%  adjustment  range, 
which  is  sufficient  for  the  AD667  when  lued  with  the  internal 
reference. 

It  is  also  possible  to  use  external  references  other  than  10  volts. 
The  recommended  range  of  reference  voltage  is  from  -I-  8  to 
4-11  volts,  which  allows  both  8.192V  and  10.24V  ranges  to  be 
used.  The  AD667  is  optimized  for  fixed-reference  applications. 
If  the  reference  voltage  is  expected  to  vary  over  a  wide  range  in 
a  particular  application,  a  CMOS  multiplying  DAC  is  a  better 
choice. 

Reduced  values  of  reference  voltage  will  also  permit  the  ±12 
volt  ±  5%  power  supply  requirement  to  be  relaxed  to  ±  12  volts 
±  10%. 

It  is  not  recommended  that  the  AD667  be  used  with  external 
feedback  resistors  to  modify  the  scale  factor.  The  internal  resistors 
are  trimmed  to  ratio-match  and  temperature-track  the  other 
resistors  on  the  chip,  even  though  their  absolute  tolerances  are 
±  20%,  and  absolute  temperature  coefficients  are  approximately 
—  50ppm/°C.  If  external  resistors  are  used,  a  wide  trim  range 
( ±  20%)  will  be  needed  and  temperature  drift  will  be  increased 
to  reflect  the  mismatch  between  the  teifiiletnj^ite^Bdfelt^lf 
the  internal  and  external  resistors.  '       '  '  " 

Small  resistors  may  be  added  to  the  feedback  resistors  in  order 
to  accomplish  small  modifications  in  the  scaling.  For  example,  if 
a  10.24V  full-scale  is  desired,  a  1400  1%  low-TC  metal-fUm 
resistor  can  be  added  in  series  with  the  internal  (nominal)  5k 
feedback  resistor,  and  the  gain  trim  potentiometer  (between 
pins  6  and  7)  should  be  increased  to  2000.  In  the  bipolar  mode, 
increase  the  value  of  the  bipolar  offset  trim  potentiometer  also 

to  2oon. 

GROUNDING  RULES 

The  AD667  brings  out  separate  analog  and  power  grounds  to 
allow  optimum  connections  for  low  noise  and  high  speed  per- 
formance. These  grounds  should  be  tied  together  at  one  pott, 
usually  the  device  power  ground.  The  separate  groimd  retunas 
are  provided  to  minimize  current  flow  in  low-level  signal  paths. , 

The  analog  ground  at  pin  5  is  the  ground  point  for  the  output 
amplifier  and  is  thus  the  "high  quality"  ground  for  the  AD667; 
it  should  be  connected  direcdy  to  the  analog  reference  point  of 
the  system.  The  power  groimd  at  pin  16  can  be  connected  to 
the  most  convenient  ground  point;  analog  power  return  is  pre- 
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fcrred.  If  power  ground  contains  high  frequency  noise  beyond 
200mV,  this  noise  may  feed  through  the  converter,  thus  some 
caution  will  be  required  in  applying  these  {jroumls, 

It  in  abo  iniportint  to  apply  decoupling  capacitors  properly  on 
tbe  power  supplies  for  the  AD667  and  the  output  amplifier. 
The  correct  method  for  decoupling  is  to  connect  a  capacitor 
fiom  each  power  supply  pin  of  the  AD667  to  the  analog  ground 
pin  of  the  AD667.  Any  load  driven  by  the  ouQ>ut  amplifier 

OPTIMIZING  SETTLING  TIME 

The  dynamic  performance  of  the  AD667's  output  amplifier  can 
be  optimized  by  adding  a  small  (20pF)  capacitor  across  the 
feedback  resistor.  Figiu-e  4  shows  the  imprgvement  in  both 


large-signal  and  small-signal  settling  for  the  lOV  range.  In  Figure 
4a,  the  top  trace  shows  the  data  inputs  (DBl  1-DBO  tied  together), 
the  second  trace  shows  the  CS  pulse  (A3-A0  tied  low),  and  the 
lower  two  traces  show  the  analog  outputs  for  Cp  =  0  and  20pF 
reqiectively. 

Figures  4b  and  4c  show  the  settling  time  for  the  transition  fixnn 
all  bits  on  to  all  bits  off.  Note  that  the  settling  time  to  ±  1/2LSB 
for  the  lOV  step  is  improved  fi'om  2.4  microseconds  to  1.6 
micToseconds  bf  the  addition  of  the  20pF  a|»citor. 

Figures  4d  and  4e  show  the  settling  time  for  die  tnnsitiaii  ftam 
all  bits  off  to  all  bits  on.  The  improvement  in  settling  time  V  - 
gained  by  adding  Cc — 20pF  is  similar. 


a.  Large  Scale  Settling 


b.  Fine-Scale  Settling,  Cf=OpF 


c.  Fine-Scale  Settling,  Cf=20pF 


d.  Fine-Scale  Settling.  Cf^OpF  e,  Fine-Scale  Settling,  Cf=20pF 

Figure  4.  Settling  Time  Performance 


DIGITAL  CIRCUIT  DETAILS 

The  bus  interface  logic  of  the  AD667  consists  of  four  independently 
addressable  registers  in  two  ranks.  The  first  rank  consists  of 
three  four-bit  registers  which  can  be  loaded  directly  from  a  4-, 
8-,  12-,  or  16-bit  microprocessor  bus.  Once  the  complete  12-bit 
data  word  has  been  assembled  in  the  first  rank,  it  can  be  loaded 
into  the  12-bit  register  of  the  second  rank.  This  double-buffered 
organization  avoids  the  generation  of  spurious  analog  output 
values.  Figure  S  shows  the  block  diagnun  of  the  AD667  logic 
section. 
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The  latchra "art  tSntidleifV^'die  addi«s>  iapaa,  A&-A3,  and 
the  CS  input.  All  control  inputs  are  active  low,  consistem  with 
general  practice  in  microprocessor  systems.  The  four  address 
linmigaeiiaenailteiafifeofe^hirfwg  la^^hB^  as:  intfeatediBF  C 
Table  n.  a 

All  latches  in  the  AD667  ate  level-triggered.  This  means  that 
data  present  during  Hbe  timciriien  the  contiol  signals  aie  valid 
will  enter  the  latdi.  Vhen  anir  one  <rf'  the  control  signals  returns 
hi^,  the  data  is  latched.  ~ 

It  is  permissible  to  enable  more  than  one  of  the  latches  simul- 
taneously. If  a  first  rank  latch  is  enabled  coincident  with  the 
second  rank  latch,  the  data  will  reach  the  asg^^iutd;  $c^Ktly; 
if  the  "WRITE  CYCLE  #1"  timing  spec&atibns  are  1^ 
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A2 
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1 

0 
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0 

1 

0 

1 

1 

0 

0 

1 

1 

1 

0 

0 

0 

0 

0 

No  Operation 
NoOperation 

Enable  4  LSBs  of  First  Rank 
Enable  4  Middle  Bits  of  First  Rank 
Enable  4  MSBs  of  First  Rank 
Loads  Second  R^^j^^Jfif^  jl^ak  . , 
All  Latches  Transjiai^t 
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INPUT  CODDfG 

The  AD667  uses  positive-true  binary  input  coding.  Logic  "1"  is 
represented  by  an  input  voltage  gneater  tilBai  2.0y  and  logic  "0" 
is  defined  as  an  input  voltage  less  l£an  0.8\L  - 

Unipolar  coding  is  straight  Unary,  where  all  zeroes  (OOOh)  on 
the  data  inputs  yields  a  zero  analog  output  and  all  ones  (FFFh) 
yields  an  analog  output  ILSB  below  full  scale. 

Bipolar  coding  is  offset  binary,  where  an  input  code  of  OOOh 
yields  a  minus  full-scale  output,  an  input  of  FFFh  yields  an 
output  ILSB  below  positive  full  scale,  and  zero  occurs  for  an 
input  code  with  only  the  MSB  on  (800h). 

The  AD667  can  be  used  with  Vmi^  complement  input  coding  if 
an  inverter  is  used  on  the  MSl^"(^ll). 

DIGITAL  INPUT  CONSIDERATIONS 

The  threshold  of  the  digital  input  circuitry  is  set  at  1.4  volts 
and  does  not  vary  with  supply  voltage.  The  input  lines  can  thus 
imeiftoe  with  any  type  of  S  volt  logic.  The  configuration  of  the 
input< 


Figure  8  shows  an  addressing  scheme  for  use  with  an  AD667  set 
up  fiir  left-justified  data  in  an  8-bit  system.  The  base  address  is 
deic»Kled,^Wi4^lMgj|-o|!^addrjgsbits  and  the  resukant 
active4ow  apial  is  aj^ml  to  CS.  The  two  LSBs  of  the  address 
bus  are  connected  as  shown  to  the  AD667  address  inputs.  The 
latches  iiow  reside  in  two  Consecutive  locations,  with  location 
XOl  loading  the  four  LSBs  and  location  XIO  loading  the  eight 
MSBs  and  updating  the  output. 


D7  - 
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DBI 
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Figures.  Left-Justified Br^BmlMmiBce 


Figure  6.  Equivalent  Digital  Input  Circuit 

The  AD667  data  and  control  inputs  will  float  to  a  logic  0  if  left 
open.  It  is  recommended  that  any  unused  inputs  be~Gonnected  ~ 
to  power  ground  to  improve  noise  immunity. 

Fanout  for  the  AD667  is  100  when  used  with  a  standard  low 

power  Schottky  gate  output  device.  ,  ,       ^  ,  ,  ,. 

8-BIT  MICROPROCESSOR  INTERFACE 

The  AD667  interfaces  easily  to  8-bit  microprocessor  systems  of 
all  types.  The  control  logic  malces  possible  the  use  of  right-  or 
left-justified  data  formats. 

Whenever  a  12-bit  DAC  is  loaded  from  an  8-bit  bus,  two  bytes 
are  required.  If  the  program  considers  the  data  to  be  a  12-bit 
binary  fraction  (between  0  and  4O9S/40%),  the  data  is  left-justified, 
with  the  eight  most  significant  bits  in  one  byte  and  the  remaining 
bits  in  the  upper  half  of  another  byte.  Right-justified  data  calls 
for  the  eight  least  significant  bits  to  occupy  one  byte,  with  the  4 
most  significant  bits  residing  in  the  lower  half  of  another  byte, 
simpli^f&ig  integer  arithmetic. 

|BB11|DB10|  DB»|DW|DBT|De6|Bg8|oe4| 

I  BBS  I  pea  I  oat  |  dbo  |  x  |  x  |  x ,  |  x  "] 

a.  Left  Justified 

I    X    I    X    I    X    I    X    |db1i|dB10|  DB9  I  DB8  I 


Right-justified  data  can  be  similarly  accommodated.  The  over- 
lapping of  data  lines  is  reversed,  and  the  address  connections 
are  slightly  different.  The  AD667  still  occupies  two  adjacent 
locations  in  the  processor's  memory  map.  In  the  circuit  of  Figure 
9,  location  XOl  loads  the  8LSBs  and  locttiittXIO  kads  die 
4MSBs  and  updates  the  output. 


DS  ■ 
D2  ■ 
0\  • 
DO  ■ 


— > 

iX 


ADDRESS 
DECObSR 


DB11  (MSB) 

DB10 

DBS 

DBS 

DB7 

DB6 

DBS 

DB4 


DB2 
DBI 

DBOILSBI 


Figure  9.  Right-Justified  8-Bit  Bus  Interface 


fnB7  )  DB6  j  nR5  I  OB*  I  DBS  |  PBg  |  PBt  |  DBP  j 

b.  Right  Justified 
Figum  7.  t§Stt  Data  Formats  for  8-Bit  Systems 
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USING  THE  AD667  WITH  12-  AND  16-BIT  BUSES 

The  AO«fi67  is  easily  inter&ced  to  12-  and  l6-bit  data  buses.  In 
HM  i^iitioil^'  all  four  address  lines  (AO  through  A3)  are  tied 
low,  andUte  latch  is  enabled  by  CS  going  low.  The  AD667  thus ' 
occupies  a  single  memory  location. 

This  configuration  uses  the  first  and  second  rank  registers 
simultaneously.  The  CS  input  can  be  driven  &om  an  active-low 
decoded  address.  It  should  be  note^  that  any  dtia  bus  acting  ^ 
during  the  period  when  CS  is  low  wiil  cause  activity  at  the 
AD667  output.  If  data  is  not  guaranteed  stable  during  this 
period,  the  second  rank  register  can  be  used  to  provide  double 
buffering. 


D11- 
D10- 
09  - 

DS  - 


OS 
'  D4 
D3 
.m 

1-61 


ADDRESS 
DECODER 


DB10 
DBS 
DBS 


DB7 


DBS 
.DB4 
DBS 
DB2 
DBI 

DBO  (LSB) 


Figim  10.  Conneef^iSf^'T. 
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OKDERING  GUIDE 


1  ^'1 — ' 

Tempetatuie 

Linearity 
Error  iVlax 
@25°C 

GainT.C. 
Maxppni/°C 

Package  Option^      ,  , 

1  Model' 

Range -°C 

!  AD667JN 

Oto  +70 

±  1/2LSB 

30 

Plastic  DIP  (N-28) 

\  AD667JP 

Oto  +70 

±  1/2LSB 

30 

PLCC(P-28A) 

AD667KN 

Oto  +70 

±  1/4LSB 

15 

Plastic  DIP  (N-28) 

~AD667KP 

Oto  +70 

±  1/4LSB 

15 

PLCC(P-28A) 

i^»iVj)nV  Bufe  .  AD667AD 

-25  to +85 

±  1/2LSB 

30 

Ceramic  DIP  (D-28)i 

AD667BD 

-25  to +85 

+  1/4LSB 

15 

CeramicDIP(D-28) 

.  ifcbc  miiMAD667SD 

-55to  +  125 

±  1/2LSB 

30 

Ceramic  DIP  (D-28) 

w  ■  ...  <»ic.tf  •4D667SE 

-55  to +125 

±  1/2LSB 

30 

LCC(E-28A) 

,  ,            AD667/883B.  . 

-55  t0,*,125;  : 

* 

it  l^la  

* 

* 

NOTES 

'  *Rebl  to  ADSt7/g83B  militaiy  dau  shea.  ,  ,  ^ , 

'For  details  on  grade  and  package  offerings  screened  in  accordance  with  MIL-ST&^3,' refer  to  the 
Analog  £>evices  Military  Products  Databoolc  or  current  AD667/883B  data  slKCt. 

=  Ceramic  DIP;  E  =  Leadless  Ceramic  Chip  Carrier;  N  =  Plastic  DIP;  P  =  Plastic  Leaded  Chip 
Carrier.  For  oudine  information  see  Package  Information  section. 


REV.* 


□ ANALOG  1 2-Bit  Ultrahigh  Speed 

DEVICES   IVIultiplying  D/A  Converter 


FEATURES 

Ultrahigh  Speed:  Current  Settling  t»t:LSB  in  90  ns  for 
a  Full-Scale  Change  in  Digital  Input.  Voltage  Settling 
to  1  LSB  in  120  ns  for  a  Full-Seale  Change  in  Analog 
Input 

15  MIHz  Reference  Banctwidth  :i    .  -  i 

Monotonicity  Guaranteed  over  Temperature 
10.24  mA  Currant  Output  or  1.024  V  Voltage  Output 
Integraliand  Differential  Linearity  Guaranteed  over 

Tennperature 
0.3"  'SMnny  DIP'  Packaging 
MIL-STD-883  Compiliut  VMi^  Available 


PRODUCT  DESCRIPTION 

The  AD668  is  an  ultrahigh  speed,  12-bit,  multiplying  digital-to- 
analog  converter,  providing  outstanding  accuracy  and  speed  per- 
formance in  responding  to  both  analog  and  digital  inputs.  The 
AD66S  provides  a  level  of  performance  and  functionality  in  a 
monolithic  device^t  exceeds  that  of  many  contemporary  hy- 
brid devices.  The  pan  is  fabricated  using  Analog  Deyicesl  Com- 
(dementary  Bipolar  (CB)  Process,  which  features  vertical  NFN 
and  PNP  devices  on  the  same  diip  without  the  use  of  dielectric 
isolation.  The  AD6$8's  design  capitalizes  on  this  proprietary 
process  in  combination  with  standard  low  impedance  circuit 
techniques  to  provide  its  unique  combination     speed  and  accu- 
racy in  a  monolithic  part. 

The  wideband  reference  input  is  buCTered  by  a  high  gain,  closed 
toop  tefoence  amplifier.  The  tefieren(x  input  is  rasentially  a 
1  V,  hig^  impedance  input,  but  trimmed  resistive  dind£l^  are 
provided  to  readi^  accommodate  S  V  and  1.25  V  references. 
The  reference  ampMer  features  an  d&ctive  small  signal  band- 
width of  15  MHz  and  an  dfective  slew  rate  of  3%  of  Ml 
scale/ns. 

Multiple  matched  current  soiux:es  and  thin  film  ladder  tech- 
niques are  combined  to  produce  bit  weighting.  The  output 
range  can  nominally  be  taken  as  a  10.24  mA  ciu-rent  output  or  a 
1.024  V  voltage  output.  Varying  the  analog  input  can  provide 
modulation  of  the  DAC  full  scale  from  10%  to  120%  of  its  nom- 
inal value.  Bipolar  outputs  can  be  realized  through  pin-strapping 
to  provide  two-qtudrant  opoation  nsthout  additioiml  external 
dtcuitry. 

Laser  wafer  trimming  insures  fiill  12-bit  linearity  and  excellent 
gain  accuracy.  All  grades  of  the  AD66S  are  guaranteed  mono- 
tonic  over  their  fidl  operating  temperature  range.  Furthermore, 
the  output  resistance  of  the  DAC  is  trimmed  to  100  fl  ±  1.0%. 


AD668 

FUNCTIONAL  BLOCK  DIAGRAM 


The  AD668  is  available  in  four  performance  grades.  The 
AD668JQ  and  KQ  are  specified  for  operation  from  0°C  to 
-t-70°C,  the  AD668AQ  is  specified  for  operation  from  -40°C  to 
+85°C,  and  the  AD668SQ  specified  for  operation  from  -55°C 
to  +  12S°C.  All  grades  ace  Available  in  a  24«f8t.lWa£^  ' 
package.         '  '  -.^r.    ■■  ■ 

PRODUCT  HIGHUGffrS 

1.  The  &st  settling  time  the  AD668  provides  suitable  perfor- 
mance for  waveform  generation,  graphics  display,  and  high- 
speed A/D  conversioii  appUcations. 

2.  The  high  bandwidth  reference  channel  allows  high  frequency 
modulation  between  analog  and  digital  inputs. 

3.  The  AD668's  design  is  configured  to  allow  wide  variation  of 
the  analog  input,  from  10%  to  120%  of  its  nominal  value. 

4.  The  AD668's  combination  of  high  performance  and  tremen- 
dous flexibiUty  makes  it  an  ideal  building  block  for  a  variety 
of  high  speed,  high  accuracy  instrumentation  applications. 

5.  The  digital  inputs  are  readily  compatible  with  both  TTL  and 

5V  CMOS  logic  families. 

6.  Skinny  DIP  (0.3")  packaging  minimizes  board  space  require- 
ments and  eases  layout  considerations. 

7.  The  AD668  is  available  in  versions  compliant  with  MIL- 
STD-883.  Refer  to  the  Analog  Devices  Military  Products 
Databook  or  current  AD668/883B  data  sheet  for  detailed 
specifications: 
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11  uu           '■yp  iTUX 

iVLiii      lyp  Aiax 

umts 

RESOLUTION 

12  ■ 

12 

12 

Bits 

LSB  WEIGHT  (At  Nominal  FSR) 

Current 

Voltage  ^Current  into  Rl) 

2.5 

-  250 

* 
* 

* 

*. 

|iA  ' 

ACCURACY^ 
Linearity 

T„i„  to 
Differential  Nonlinearity 

T^toT^ 
Monotonicity 
:  UOtpolar  Ofi^t  (Digital) 
'"  Bipolar  Offset 
Bipolar  Zero 
Analog  Offset 
Gain  Error 

-m  +1/2 
-3/4  +3/4 
-1  +1 
-1  +1 
GUARANTEED  OVEI 
-0.2  +0.2 
-1.0  +1.0 
-0.5  +0.5 
-1.0  +1.0 
-1.0  +1.0 

-1/4  +1* 

-1/2  .  •fsi-^'-  ■^artfl  - 
-1/2  1.'.  '■•■4m- 

-1/2  +1/2 
RATED  SPECIFICATIC 

*  * 

-0.6  +0.6 
-0.2  +0.2 
-0.7  +0.7 

*  * 

'  *.    ».__■  :-'  ■    '     .  .* 

*  * 

>N  TEMPERATURE  Ri 

*  * 

*  * 

*  * 

*  * 

*  * 

■  'i 

LSB 

1,58  ■•■= 
LSB 
INGE 

%  of  FSR 
%  of  FSR 
%  of  FSR 

%0fVNOM 

%  of  FSR 

TEMPERATURE  COEFFICIENTS^ 
Unipolar  Offset  . 
Bipolar  Offset 

Bipolar  Zero 
Analog  Offset 
Gain  Drift 
Gain  prift  (loijf )  - 

-8  +8 
-25  +25 
-20  +20 
-20  +20 
-30  +30 
-    ^    +150  ■. 

-5  +5 
-15  +15 
-15  +15 
-10  +10 
-15  +15 
±150 

*  * 

*  * 

*  * 
-20  +20 
-40  +40 

±150       -  . 

-         <T^  i-J.'i  ' 

ppmof  FSR/°C 
ppmof  FSR/°C 

ppm  of  FSR/°C 
ppm  of  Vnom/°C 
ppm  of  FSR/°C 
.ppmof  FS?/^  , 

REFERENCE  iN?OT  1 

InpUt  Reastance   '  .^,^- 
5.0  V  Range  .u:  .;m   T  !  r.-..'>,>;.:i, 
1.25  V  Range  -..n   '  ,    i  -.iiM;';/ 
1.0  V  Range 

Reference  Range  (J,^  to  T^) 

.,>...    ■■O.fS,'-    ...  ■ 
1 

10         100  120 

*   ,     -.'  -.-  ■ 
* 

*            *  * 

1  ■  --,* 

rt,          f  *- 
* 

*                  *  * 

kn 
kn 

MO 

.%0fVNOM 

DATA  INPUTS 
Lo^  Levels  (T^  to  T^) 

v,„ 

V,L 

Log^c  Cweifts  (Tto  to  Tj^ 

T.. 

Vth  Pin  Voltige 

2.0  7.0 

0.0  m 

-10  +10 
0          60  100 
■  1.4 

*  * 

*  * 

*  * 

*  -k  -k 
* 

*  Ik 

*  * 

*  * 

0         100  200 
* 

V 
V 

(lA 
— (lA 
V 

CODING 

BINARY,  OFFSET  BINARY 

CURRENT  OUTPUT  RANGES 

0  to  10.24,  ±  5.12 

mA 

VOLTAGE  OUTPUT  RANGES 

0  to  1.024,  ±  0.512 

V 

OUTPUT  COMPLIANCE 

-2  +J.2 

*  * 

*  * 

V 

OUTPUT  RESISTANCE 
Exc^veoCRt,  •>■ 
Inclusive  of  Rl                     ■  ' 

160       200  ^  240 
99   .     100  101 

*  *  * 

*  *  * 

*  *  * 

*  *  * 

n 
n 

REFERENCE  AMPLIFIER 
Input  Bias  Current 
SlewRate 

Large  Signal  Bandwidth 
Small  Signal  Banawidtn 
Undervoltage  Recovery  Time 
VrefA'nom  to  0% 

1.5 

M 
15 

35 

'  * 

■*,'  -   ■  ■' 

* 

* 
* 

HA 

%ofFS/ns 
MHz 

ns       ■  ■•: 
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AD668J/A 

AD668K 

AD668S 

Paranietcr 

Alin  Typ 

Max 

Min  Typ 

Max 

Min  Typ 

Max 

Units 

AC  CHARACTERISTICS 

Analog  Settling  Time 

(10%  to  120%  Step) 

to  ±1% 

60 

ns  to  1%  of  FSR 

to  ±0.1% 

90 

ns  to  0.1%  of  FSR 

to  ±0.025% 

120 

*  , . 

*  ■ 

ns  to  0.025%  of  FSR 

Digital  Settling  Time 

Current 

to  ±1% 

30 

ns  to  1%  of  FSR 

to  ±0.025% 

90 

ns  to  0.025%  of  FSR 

Voltage  (100  fl,  Imemal  R,^ 

to  1% 

50 

ns  to  1%  of  FSR 

to  0.1% 

75 

* 

* 

ns  to  0.1%  of  FSR 

to  0.025% 

110 

* 

* 

ns  to  0.025%  of  FSR 

Glitch  Impulse* 

350 

* 

* 

pV-sec 

Peak  Amplitude 

20 

 *  - 

* 

%  of  FSR 

Total  Hannonic  Distortion' 

-75 

* 

* 

dB 

Multiplying  Feedthrough  Error* 

-62 

* 

* 

dB 

FULL-SCALE  TRANSITION^ 

10%  to  90%  Rise  Time 

11 

* 

* 

ns 

90%  to  10%  FaU  Time 

11 

* 

* 

ns 

POWER  REQUIREMENTS 

+  10.8  V  to  +16.5  V 

27 

32 

* 

* 

mA 

-10.8  V  to  -16.5  V 

7 

9 

* 

* 

-mA 

Power  Dissipation 

615 

* 

* 

mW 

PSRR' 

0.05 

* 

* 

%ofFSR/V 

TEMPERATURE  RANGE 

Rated  Specification^  (J,  K,  S) 

0 

+70 

* 

* 

-55 

+  125 

°C 

Rated  Specification  (A) 

-40 

+85 

°C 

Storage 

-65 

+  150 

* 

* 

* 

* 

°C 

NOTES    -  • 

•Same  as  AD668J/A. 

'Measured  in  Iqut  niode.  Specified  at  nominal  5  V  full-scale  reference.  „  . 

^Measured  in  Vq^j  mode,  unless  otherwise  specified.  Specified  at  nominal  S  V  filU-scale  reference. 
Total  resistance.  Refer  to  Figure  4. 
*At  the  major  carry,  driven  by  HCMOS  logic. 

'Volt  =  '  V  p-p.V.^  =  10%  to  110%,  100  kHz.  Digital  Input  All  Is. 
'y,^  =  200  mV  p-p,  1  MHz  Sine  Wave.  Distal  Input  all  Os.  See  Fignie  20. 
'Measured  at  15  V  ±  10%  and  12  V  ±  10%. 

SpecificatiQps  shpwn  in  boldface  are  tested  on  all  production  units  at  final  electrical  test. 
Spetaficaions  subject  to  cfaknge  without  notice. 
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ABSOLUTE  MAXIMUAfLKilTD^^* 

Vcc  to  REFCOM  !  .'  '  0  V  to  +18  V 

Vee  to  REFCOM  .'  0  V  to  -18  V 

REFCOM  to  LCOM  + 100  mV  to  - 10  V 

ACOM  to  LCOM   ±  100  mV 

THCOM  to  LCOM  ±500  mV 

REFCOM  to  REFIN  (1,2)   18  V 

Ibpo  to  LCOM  ±5  V 

louT  to  LCOM   -5  V  to  Vth 

Digital  Inputs  to  THCOM   -500  mV  to  +7.0  V 

REFIN  1  to  REFIN2   36  V 

Vth  to  THCOM  -0.7  V  to  +1.4  V 

Lofk:  Th^^e^itddCgi^^^  In^t^iirre^  5  mA 


Power  Dissipation   670  mW 

Storage  Temperature  Range 

Q  (Cerdip)  Package   .  -65°C  to  +150°C 

Junction  Temperature  +I75'*C 

Thermal  Resistance 

6, A   +75°C/W 

Bjc   +25°C/W 

•Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  sections  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  nu^  affisct  <|evice 
reliability.  .  . 
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mm 


ORDERING  GUIDE 


Linearity 

Voltage 

! 

Temperature 

Error  Max 

Gain  T.C. 

Package 

1 

Model^ 

Range 

@  25°C 

Max  ppm/°C 

Option^ 

•■PIL     •'■"...l        .  .■■•0 

AD668JQ 

0°C  to  +70°C 

±1/2 

±30. 

Q-24 

AD668KQ 

(fC  to  +70°C 

±1/4 

±15 

Q-24 

AD668AQ 

-40°C  to  +85°C 

±1/2 

±30 

Q-24 

AD668SQ 

-55°Cto  +125°C 

±1/2 

+40 

Q-24 

NOTES 

^For  details  on  grade  and  package  offerings  screened  in  accordance  with  MIL-STD-883,  refer 
to  the  Analog  Devices  Mihtary  Products  Databook  or  current  AD668/S83B  data  sheet. 
^  =  Cerdip.  For  outline  information  see  Padsage  Infortnation  section. 


PIN  CONFIGURATION 
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E 
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TOP  VIEW 
(Not  to  Scale) 
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REFERENCE  COMMON  IREFCOMI 
REFERENCE  INPUT  1  IREFIN1I 
REFERENCE  INPUT  2  (REFIN2) 

LOAD  RESISTOR  (RJ 
ANALOG  COMMON  lACOMI 
LADDER  COMMON  (LOOM) 
BIPOLAR  OFFSET  ll.pol 
Vee 

THRESHOLD  COMMON  ITHCOMI 
THRESHOLD  CONTROL  (VthI  , 
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DEFINITIONS 

LINEARITY  ERROR  (also  called  INTEGRAL  NON- 
LINEARITY  OR  INL):  Analog  Devices  defines  linearity  error 
as  the  maximum  deviation  of  the  actual  analog  output  firom  the 
ideal  output  (a  straight  line  drawn  from  0  to  FS)  for  any  bit 
combination  expressed  in  multiples  of  1  LSB.  The  AD668  is 
laser  trimmed  to  1/4  LSB  (0.006%  of  FS)  maximum  linearity 
error  at  +25'C  for  the  K  version  and  1/2  LSB  for  the  J  and  S 
■*Ei!si6Sls.,        .    .  .-1  -■■  • 

DIFFERENTIAL  LINEARITY  ERROR  (also  caUed  DIFFER- 
ENTIAL NOliJLINEARITY  or  DNL):  DNL  is  the  measure  of 
the  variation  in  the  analog  output,  normalized  to  full  spak,  asso- 
ciated with  a  1  LSB  change  in  digital  input  codfe. 

MONOTONICITY;  A  DAC  is  said  to  be  monotonic  if  the  out- 
put either  increases  or  remains  constant  as  the  digital  input  in- 
creases. Monotonic  behavior  requires  that  the  differential 
linearity  error  not  exceed  1  LSB  in  the  negative  direction. 

UNIPOLAR  OFFSET  ERROR  (DAC  OFFSET):  The  DAC 
offset  is  the  portion  of  the  DAC  output  that  is  independent  of 
the  digital  input.  The  unipolar  DAC  offset  error  is  measured  as 
the  deviation  of  the  analog  output  from  the  ideal  (0  V  or  0  mA) 
when  the  analog  input  is  set  to  100%  and  the  digital  inputs  are 
set  to  all  Os. 


BIPOLAR  OFFSET  ERROR:  The  deviation  of  the  analog  out- 
put from  the  ideal  (negative  half-scale)  when  the  DAC  is  con- 
nected in  the  bipolar  mode  (Pin  1(6  conjBfiMesd  to  Pin,2Q):>.As 
analog  input  is  set  to  100%,  and  the  digital  inputs  are  set  to  all 

Os  is  called  the  bipolar  offset  error. 

BIPOLAR  ZERO  ERROR:  The  deviation  of  the  analog  output 
from  the  ideal  (0  V  or  0  mA)  for  bipolar  mode  when  only  thi" 
MSB  is  on  (100  .  .  .  00)  is  called  bipolar  zero  error. 

COMPLIANCE  VOLTAGE:  The  allowable  voltage  excursion 
at  the  output  node  of  a  DAC  which  will  not  degrade  the  accu- 
racy of  the  DAC  output. 

SETTLING  TIME  (DIGITAL  CHANNEL):  The  time  re- 
quired for  the  output  to  reach  and  remain  within  a  specified  er- 
ror band  iibout  its  final  value,  measured  from  the  digital  input 
transition. 

SETTLING  TIME  (ANALOG  CHANNEL):  The  time  re- 
quired for  the  output  to  reach  and  remain,  within  a  specified  er- 

XSt&^hg  6{  it\  value. 

GAIN  ERROR:  The  difference  between  the  ideal  and  actual 
output  span  of  FS- 1  LSB,  expressed  either  in  %  of  FS  or  LSB, 
when  all  bits  are  on  is  called  the  gain  error. 
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ANALOG  OFFSET  ERROR:  The  analog  offset  is  defined  as 
the  offset  of  the  analog  amplifier  channel,  referred  to  the  analog 
input.  Ideally,  this  would  be  measured  with  the  analog  input  at 
0  V  and  the  digital  input  at  full  scale.  Since  a  0  V  analog  input 
voltage  constitutes  an  undervoltage  condition,  this  specification 
is  determined  through  linear  eAnpdalioii,  as  indicated  in 
Figure  1.  ;  I  ' 


MEASURED  DATA 


-  UfiEAR  EXTRAFOtATION 


Figure  7.  Derivation  of  Analog  Offset  Voltage 

GLirCIit  IMPULSE:  Asymmetrical  switching  times  in  a  DAC 
may  ffve  rise  to  undesiied  ouq>ut  traaaeius  wbich  are  quanti- 
fied by  their  giitA  impulse.  It  is  specified  as  , the  net  area  of  the 
glitch  in  pV-se?.  .  ; .  ,, 


TIME  -  M 

Figure  2.  AD668  Major  Carry  Glitch 


FUNCTIONAL  DESOQDPnON  - 

The  AD6{^  is  designed  (o  comtHne  i^cellem^perfqv^^iance  with 
maximum  flexibility.  The  {imctional  block  diagram  and  the  sim- 
ple transfer  functions  provided  below  will  provide  the  user  with 
a  basic  grasp  of  the  AD668's  operation.  Examples  of  typical  cir- 
cuit configurations  are  provided  in  the  section  APPLYING 
THE  AD668.  Subsequent  sections  contain  more  detailed  infor- 
mation useful  in  optimizing  DAC  performance  in  high  speed, 
Ugh  resolution  applications. 

DAC  Transfer  Function  '  " 

The  AD668  may  be  used  cither  ill  a  cuTFcnc-OUCput  mode  (DAG 
output  connected  to  a  virtual  ground)  or  a  voltage-output  mod^  i 
(DAC  output  coimected, to  a  resistive  Ipad)^      v,  ,  ..  •  ,  ,i 


In  ciurent  output  mode: 

V,N 


Iqut 


Vnom 


DAC  code 
4096 


X  10.24  mA 


Bipolar  Mode 


Iqut  ■ 


Vm     DAC  code 


X  10.24  inA 


X  5.12  mA 


V.vaw  4096 

In  voltage  output  mode:  ■     '        ' '  , 

VouT  =  I&UT     RuM}  ' 
(for  both  tqi^i^^^^jaBObr  modes)  .  :::  :  •  " 

where: 

V,^  -  the  analog  input  voltage. 

Vnom  ~  the  nominal  full  scale  of  the  reference  voltage:    1  V, 
1.25  V,  or  5  V,  determined  by  the  wiring  configuration  of  Pins 
21  and  22.  (See  APPLYING  THE  AD668.) 

DAC  code  -  the  niunerical  representation  of  ,  the  DAC's  digital 
inputs;  a  numhor  between  0  and  4095.. 

Rijoad  -  ^  resistance  of  the  DAC  output  node;  die  maximum 
this  can  be  is  200  (I  (the  internal  DAC  ladder  instance).  The 
on-board  load  resistor  (Pin  19)  has  been  trimmed  so  that  its  par- ' 
allel  daflibination  with  the  DAC  ladder  resistance  is  100  O 
(±1%).' 

Bipciar  mode  -  produces  a  bipolar  analog  output  from  the  digital 
input  by  offsetting  the  normal  output  current  with  a  precision 
current  source.  This  offset  is  achieved  by  connecting  Pin  16  to 
the  DAC  output.  In  the  unipolar  mode,  Pin  16  should  be 
grounded. 

If  the  dc  errors  are  included,  the  transfer  function  becomes 
somewhat  more  complex: 


II  +  £1  X  10.24  mA 


+  WPSEtmimri  ^         "  10.24mA 
Vnom 

-  +  OFFSETtxAUXsj  X  15.12  viA  +  {OFFSETBiroLAJt  x  10.24mA]) 

(Last  term  is  for  use  in  bipolar  mode;  Vqut  is  still  just  Iqut  ^ 

where; 

OFF5£ /"analog  =  the  analog  offset  error. 
OFFSEToiaiTAi.  =  'S  the  unipolar  digital  offset  c^xnr..  , 
OFFSETgjpoi_^  =  is  the  bipolar  offset  error. 
C  =  the  gain  error,  eq>Ri@aiJncti<niaUy.  M  t 


0  <  VihIVhou  <  0.1  c(in^i|vte$  an  undervoltiige  condituu  and  is 
subjea  to  ^  specified  secra^  time.  ,,     ';ir ,         ,  .  ,,. 

l.2<Vf(^fi&M  cMsiinues-an  bvervoltage  condi^OB^-Tlitt  ^ 
8atuii^^#!M£itia^H(^,  resulting  m  deei«^  lesff^^' 
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time  and  can,  over  extended  time,  damage  the  part  through  ex- 
cessive power  dissipation.  Figure  3  indicates  the  specified  re- 
gions of  operation  in  both  the  unipolar  and  bipolar  cases. 

The  small  signal  3  dB  bandwidth  of  the  V,,.,  chaimel  is  15  MHz. 
The  large  signal  3  dB  baad>sddtb  is  approximately  10  MHz. 

VouT  is  limit^  by  ^'speSied  output  cpmplianee?'  -2  V  to 
-H.2V. 


UNIPOLAR  MODE 


BIPOLAR  MODE 


OVERVOLTAGE  REGION 


^  yA  -  T  v.- 


-2IM« 
DIGITAL  INPUT  RANGE 


Figure  3.  Quadrant  Plots  of  the  AD668 

CIRCUIT  DESCRIPTION  OF  THE  AD668 

Successful  design  of  high  speed,  high  resolution  systems  de- 
mands a  designer's  solid  working  knowledge  of  the  components 
being  used.  The  AD668  has  been  carefully  configured  to  pro- 
vide maximum  functionality  in  a  variety  of  applications.  While  it 
is  beyond  the  scope  of  this  data  sheet  to  exhaustively  cover  each 
potential  application  topology,  the  detailed  information  that 
follows  is  intended  to  provide  the  designer  with  a  sufficiently 
thorough  understanding  of  the  part's  inner  workings  to  allow 
s^e«:tipn  of  the  circuit  tO|io^ag^  to  bes{  suit  the  application. 

CURRENT  OUTPUT  VS.  VOLTAGE  OUTPUT 

As  indicated  in  the  FUNCTIONAL  DESCRIPTION,  the 
AD668  output  itaay  be  t&ken  as  either  a  voltage  Or  a  etin^nt, 
depending  on  external  circuit  connections.  In  the  current  dtitput 
mode,  'tlie  DiVC  output  (Piii  20)  is  tied  to  a  summing  junctioit,  > 
and  the  ciurrent  flowing  from  the  DAC  into  this  stmiming  yams-  ' 
tion  is  sensed.  In  this  mode,  the  DAC  output  scale  is  insensitive 
to  :whexher  the  load  resistpr,  Ri.oad>  is  shorted  (Pin  19  con^ 
nected  to  Pin  20),  or  grounded  (Pin  19  connected  to  Pin  18). 
However,  the  connection  of  this  resistor  does  affect  the  output 
impedance  of  the  DAC  aiid  may  have  a  ^gnificimt  impact  on  the 
noise  gain  and  stability  of  the  external  circuitry.  Grounding 
RijaAD  will  reduce  the  output  impedance,  thereby  increasing 
tte  noise  gain  and  also  enhancing  the  stability  of  a  circuit  using 
a  non-unity-gain-stable  op  amp  (see  Figure  10). 

IH  the  voltage  output  mode,  the  DAC's  output  current  flows  " , 
through  its  own  internal  impedance  (perhaps  in  parallel  with  an 
external  impedance)  to  generate  a  voltage.  In  this  case,  the  DAC 
output  scale  is  directly  dependent  on  the  load  impedance.  The 
temperature  coefficient  of  the  AD6'68's  transfer  fimction  will  be 
lowest  when  used  in  the  voltage  output  mode. 

OUTPUT  VOLTAGE  COMPLIANCE 

The  AD668  has  an  output  compliance  range  of  -2.0  V  to 
-H.2  V  (with  respect  to  the  LCOM  pin).  The  current  steering 
output  stages  will  be  unaffected  by  changes  in  the  output  termi- 
nal voltage  over  this  range.  However,  as  shown  in  Figure  4, 
there  is  an  equivalent  output  impedance  of  200  CI  in  parallel 
with  15  pF  at  the  output  terminal,  producing  an  equivalent  er- 
ror current  if  the  voltage  deviates  from  the  ladder  common. 
This  is  a  linear  effect  which  does  not  change  ndth  input  cpde. 


either  output  stage  saturation  or  breakdown,  resulting  in  nonlin- 
ear performance.  The  positive  compliance  limit  is  not  affected 
by  the  positive  power  supply,  but  is  a  function  of  the  output 
cQntnlmdtheto^'tlBM(Mvolti^at:\^:,Pifi  131  " 


COMPLIANCE  TO  - 


T 


(THROW- 
AWAVl 

{20n) 


COMPUANCe 
-TO  U5GIC 
LOW  VALUE 


Rgure  4.  Equivalent  Output  Circuit 

ANALOG  INPUT  CONSIDERATIONS 

The  reference  input  buffer  can  be  viewed  as  a  resistive  divider 
connected  to  one  terminal  of  an  op  amp,  as  shown  in  Figure  S. 
A  unit  DAC  iliinent  source  drives  a  resistor  to  ^nroduee  a  voltage 
that  is  fed  back  tSS'ibe  opposite  terminal  of  the     $Sy^.  Resistor 
^FEEDBACK  i*  laser-trinuned  to  ensure  that  a  *  V  iBpttt  to  node 
A  of  the.op  amp  will  produce  a  10.24  mA  DAC  ou^tit.  ^. 
REFINl  and  REFIN2  may  be  configured  in  any  way  the  user 
chooses  to  provide  a  nominal  input  full  scale  of  1  V  at-ndde  A.  ' 
Rl  and  R2  are  sized  and'titehed  t6  prb^^de  both  a  5:1  ^Itage 
divider  and  a  parallel  iihpedanCe  that  matches  the  impedance  at 
node  B,  thereby  reducing  the  amplifier  offset  voltage  due  to  bias 
current.  The  resistive  divider  is  trimmed  with  an  external  50  fl 
resistor  in  series  with  the  4k  leg  (Rj).  This  provides  a  gain  trim 
range  of  ±1%  using  a  100  il  trim  potentiometer  (Figure  7).  If 
trimming  is  not  desired,  a  50  H  resistor  may  be  used  in  place  of 
the  potentiometer  to  produce  the  specified  gain  accuracy^  or  the 
resistor  may  be  omitted  altt^ther  to  produce  ',a  nominal  jgain 
erroj:„#H-l%.         -.^..-^-^  -      - --    /  '  .—J 


Figure  5.  Equivalent  Analog  Input  Circuitry 

DIGITAL  INPUT  CONSIDERATIONS 

The  AD668  uses  a  standard  positive  true  straight  binary  code 
for  unipolar  outputs  (all  Is  full-scale  output),  and  an  offset  bi- 
nary code  for  bipolar  output  ranges.  In  the  bipolar  mode,  with 
all  Os  on  the  inputs,  the  output  will  go  to  negative  full  scale; 
with  111  .  .  .  11,  the  output  will  go  to  positive  fiill  scale  less 
1  LSB;  and  with  100  ...  GO  (only  the  MSB  on),  the  outpit  will 
go  to  zero. 

The  threshold  of  the  digital  inputs  is  set  at  1.4  V  and  does  not 
vary  with  supply  voltage.  This  reference  is  provided  by  a 
bandgap  gowrator,         requires  appn>xiinatdy  3  mA  of  bias 
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current  achieved  by  tying  R-p„  to  any  +Vlogic  supply  where: 

-V LOGIC  - 


^  I  +  Vlogic  -  1.4  V\ 
3mA  j 


(see  Figure  6).  The  digital  bit  inputs  operate  with  small  input 
currents  to  easily  interface  to  unbuffered  CMOS  logic.  The  digi- 
tal input  signals  to  the  DAC  should  be  isolated  from  the  analog 
mput  and  output  as  much  as  posisible.  To  minimize  undershoot, 
ringing,  and  digital  feedthrough  noise,  the  interconnect  distance 
to  the  DAC  inputs  should  be  kept  as  short  as  possible.  Termina- 
tion resistors  may  improve  performance  if  the  digital  lines  be- 
come too  long.  The  digital  inputs  shdtild  be  £ee  from  large 
glitches  and  ringing  and  have  10%  to  90%  rise  and  fall  times  on 
the  order  of  S  ns. 


INPUT  o 


.      BIT  lOiaVES  4  OF  IMESECEUS  IN  PARALLEL 
BIT  2  OnVES  2  CELLS  IN  PARALLEL. 
BITS  i^n  DRIVE  SINGLE  CELLS. 

Figure  6.  Equivalent  Digital  Input 

To  realize  the  AD668's  specified  ac  performance,  it  is  reco to- 
mended- that  high  speed  logic  families  such  as  Sdiottky  TTL, 
high  speed  CMOS,  or  the  new  lines  of  high  speed  TTL  be  used 
exclusively.  Table  I  shows  how  DAC  performance,  particularly 
glitch,  can  vary  depending  on  the  driving  logic  used.  As  this 
table  indicates,  STTL,  HCM0S,j»nd  FAST*  represent.the  most 
viable  families  iToi-  dHviiiK'Qie  AD668. 

Table  I.  DAC  Perfonnance  vs.  Drive  Logic 


10-90%^ 

Settling  Time^-  ' 

Maxunum 

Logic 

DAC  Rise 

I  LSB 

GUtch< 

Glitch 

Family^ 

Time 

1% 

0.1% 

(0.025%) 

Impulse 

Excursion 

TTL 

10.5  ns 

47  ns 

77  ns 

100  ns 

2.5  nV-s 

280  mV 

LSTTL 

11.25  ns 

35  ns 

60  ns 

120  ns 

1.2  nV-s 

270  mV 

STTL 

11  ns 

50  ns 

75  ns 

110  ns 

500  pV-s 

200  mV 

HCMOS 

12  ns 

53  ns 

78  ns 

100  ns 

350  pV-s 

200  mV 

FAST* 

11.5  ns 

49  ns 

73  ns 

100  ns 

2  nV-s 

250  mV 

NOTES 

*A11  values  typical,  taken  in  test  fixture  diagrammed  in  Figure  23. 
^Measurements  are  made  for  a  1  V  fiiU-scale  step  imo  100  O  DAC  load 
resistance. 

^Settling  time  is  measured  from  the  time  the  digital  input  crosses  the  thresh- 
old voltage  (1.4  V)  to  when  the  output  is  within  the  sped&d  range  of  its 
final  value. 

■"The  worst  case  ghtch  impulse,  measured  on  the  major  carry.  DAC  full  scale 
is  1  V. 

*FAST  is  a  registered  trademark  of  National  Semiconductor  Corporation. 

The  variations  in  DAC  settling  and  rise  times  can  be  attributed 
10  differences  in  rise  time  and  current  driving  capabilities  of  the 
various  families.  Differences  in  the  glitch  impulse  are  predomi- 
nantly dep^ent  Vfm  tite  variation  in  data  skew.  Vadatians  'iu 


these  specs  occur  not  only  between  logic  families,  but  also  be- 
tween different  gates  and  latches  within  the  same  family.  When 
selecting  a  gate  to  drive  the  AD668  logic  input,  pay  particular 
attention  to  the  propagation  delay  time  specs:   tp,  h  and  tpHi,. 
Selecting  the  smallest  delays  possible  will  help  to  minimize  the 
settling  time,  while  selection  of  gates  where  tp^n  and  tpHL  ar^ 
closely  matched  to  one  another  will  minimize  the  glitch  impulse 
resulting  from  data  skew.  Of  the  common  latches,  the  74374 
octal  flip-flop  provides  the  best  performance  in  this  area  for 
many  of  the  logic  fnniliffi  mentioned  above. 

PIN  BY  PIN  CURRENT  ACCOUNTING 

The  internal  wiring  and  pinout  of  the  AD668  are  dictated  in 
large  part  by  current  management  constraints.  When  using  low 
impedance,  high  current,  high  accuracy  parts  such  as  the 
AD668,  great  care  must  be  taken  in  the  routing  of  not  only  sig- 
nal lines,  but  ground  and  supply  lines  as  well.  The  following 
accounting  provides  a  detailed  description  of  the  magnitudes  and 
signal  dependencies  of  the  ciurents  associated  with  each  of  the 
part's  pins.  These  descriptions  are  consistent  with  the  fimctional 
block  diagram  as  well  as  the  equivalent  circuits  provided  in  Fig- 
ures 4,  5,  and  6. 

Vcc  -  the  current  into  this  pin  is  drawn  predominantly  through 
the  DAC  current  sources  and  generally  runs  about  2.2  times  the 
DAC's  nominal  full  scale.  By  design,  this  current  is  independent 
of  the  digital  input  code  but  is  linearly  dependent  on  analog  in-  - 
put  variations. 

REFCOM  -  this  node  provides  the  reference  groimd  for  the 
reference  amphfier's  current  feedback  loop  (as  illustrated  in  Fig- 
ure 5)  as  well  as  providing  the  negative  supply  voltage  for  most 
of  the  reference  amplifier.  The  current  consists  of  1 .2  mA  of 
analog  input  dependent  current  and  another  3  mA  of  input  inde- 
pendent current.  Analog  input  voltages  should  always  be  pro- 
duced with  respect  to  this  voltage. 

REFINl  -  has  a  Ik  series  resistance  to  the  reference  amplifier 
input  and  a  5k  series  resistance  to  REFIN2.  REFINl  may  be 
used  in  conjunction  with  REFIN2  to  provide  a  5: 1  voltage  di- 
vider, or  the  two  may  be  driven  in  parallel  to  provide  a  high 
impedance  input  node  (see  Figure  S). 

REFIN2  -  the  4k  side  of  the  input  resistive  divider.  Note  also 
that  the  cbmibined  impedance  of  these  two  resistors  matches  the 
^ecdve  unpedaiice  at  the  other  input  of  the  reference  amplifier, 
thereby  minimizing  the  offset  due  to  bias  cwrents.  Circuits 
which  alter  this  effective  impedance  may  suffer  increased  analog 
offset  and  drift  performance  degradation  as  a  result  of  the  mis- 
match in  these  impedances. 

lour  ~  the  output  current.  In  the  current  output  mode  with 
this  node  tied  to  a  virtual  ground,  a  10.24  mA  nominal  full  scale 
output  current  will  flow  from  this  pin.  In  the  voltage  output 
mode,  with  Rl  grounded,  half  of  the  output  current  will  flow 
out  of  R^  and  the  other  half  will  flow  out  of  LCOM.  External 
resistive  loading  will  cause  ciurent  to  be  divided  between 
LCOM,  Rl,  and  Iqut  ^s  Figure  4  suggests. 

Rl  -  a  200  il  resistor  with  one  end  internally  wired  to  the  out- 
put pin.  If  a  200  fl  ±20%  DAC  output  impedance  is  desired, 
Rl  should  be  shorted  to  loux-  Grounding       will  provide  a 
DAC  output  impedance  of  100  SI  ±1%.  As  noted  above,  in  volt- 
age output  configurations,  a  large  portion  of  the  DAC  output 
current  will  flow  throu^  this  pin. 
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output  is  not  generally  advised,  since  it  is  untrimmed  and  its 
positive  output  compliance  is  limited  to  the  logic  low  voltage. 

LCOM  -  the  current  in  this  node  has  been  carefully  configured 
to  be  independent  of  digital  code  when  the  output  is  into  a  vir- 
tual groimd,  thereby  minimizing  any  detrimental  effects  of  lad- 
der ground  resistance  on  hnearity.  However,  the  current  in  this 
node  is  proportional  to  the  analog  input  voltage  and  the  ground 
drop  here  is  responsible  for  the  dc  analog  feedthrough.  The 
nominal  value  of  this  current  is  approximately  equal  to  the  DAC 
full  scale. 

IBPO  -  the  bipolar  offset  current  flows  into  this  node,  with 
voltage  compliance  to  Vee     3  V.  This  is  a  high  impedance  cur- 
rent source,  and  should  be  groimded  if  the  offset  current  is  not 

Vee  -  this  voltage  may  be  set  anywhere  from  - 10.8  V  to 
-16.5  V.  The  current  in  this  node  consists  of  1.2  times  the  bi- 
polar offset  current  plus  500  \x.A  of  bias  current  for  the  reference 
ampUfier's  front  end.  The  negative  supply  current  is  indepen- 
dent of  digital  input  but  is  linearly  dependent  on  analog  input. 

THCOM  -  is  the  ground  point  for  the  bandgap  diode  that  gen- 
erates the  threshold  voltage.  The  current  coming  out  of  this 
node  is  the  same  as  that  flowing  into  Vxh  plus  a  code- 
dependent  number  of  base  currents  (see  Figure  6).  It  is  possible 
to  introduce  an  offset  between  THCOM  and  the  system  com- 
mon, thereby  offsetting  the  effective  logic  threshold  and  positive! 
output  compliance  voltage. 

Vxh  ~     indicated  earlier,  if  given  sufficient  positive  bias  cur- 
rent, this  voltage  will  be  1.4  V  above  THCOM.  The  necessary 
bias  current  can  readily  be  provided  by  a  suitable  resistor  to  any 
positive  supply.  As  Figure  6  suggests,  this  node  is  directly  cou- 
pled to  the  DAC  output  through  several  base  to  collector  capaci- 
tances and  hence,  should  be  carefully  decoupled  to  the  analog 
ground. 

DIGITAL  INPUTS  -  when  a  bit  is  in  the  high  state,  the  input 
current  is  the  leakage  current  of  a  reverse  biased  diode.  When 
the  bit  is  driven  low,  it  must  sink  a  base  current  to  ground,  and 
this  base  current  will  be  proportional  to  the  analog  input.  Note 
that  the  input  current  for  Bit  2  will  be  twice  that  for  Bits  3-12, 
and  Bit  I's  current  will  be  4  times  Bit  3's,  l)«t  %11  the  currents  j.^ 
will  be  below  the  value  specified. 

APPLYING  THE  AD668 

The  following  are  some  typical  circuit  configurations  for  the 
AD668.  As  Table  II  indicates,  these  represent  only  a  sample  of 
the  pcM^^lDt^^tittlStii;  .  ' 

5  V  REFiN,  a  -t'lmmum,'  mmjwFmm  voltage 

OUTPUT 

Figure  7  shows  a  typical  topology  for  generating  an  unbuffered 
voltage  output.  Rl  (Pin  19)  is  grounded,  producing  a  100  n 
DAC  output  resistance  that  generates  a  1.024  V  output  when 
the  DAC  current  is  at  its  full  scale  of  10.24  mA.  The  presence 


external  100  fl  will  reduce  the  total  output  resistance  to  50  fi 
and  the  full-scale  voltage  swing  will  drop  to  0.512  V.  Since  the 
bipolar  offset  current  is  not  used  in  this  configuration.  Pin  16  is 
conniected  t6  t)i«  an^pg'groiihd  plane. 

The  input  divider  has  been  connected  to  produce  a  5  V  full  ' 
scale  reference  input  by  shorting  REFIN  1  to  the  analog  groui;^ 
plane  and  using  REFIN2  as  the  reference  input.  With  a  5  V 
nominal  full  scale,  the  10%  to  120%  reference  input  range  &llst 
between  0.5  V  and  6  V.  The  effective  input  resistance  in  this 
mode  is  5  kfl  (±20%).  The  ratio  of  the  input  divider  has  been 
intentionally  skewed  by  50  fl  to  provide  an  optional  external 
fine  trim  for  gain  adjust.  A  trim  range  of  ±1%  is  provided  by 
the  100  fl  trimming  potentiometer  shown  in  Figure  7.  If  trim- 
ming is  not  desired,  a  50  fl  resistor  may  be  used  in  place  of  the 
potentiometer  to  produce  the  specified  gain  accuracy,  or,  if  a 
-f- 1%  nominal  gain  em^ts  tolerable,'  the  resistor  may  be  omitted 
altogether. 
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Figure  7.  5  V  REFIN/1  V  Unbuffered  Unipolar  Output 

1.25  V  REFIN,  1  V  BIPOLAR,  UNBUFFERED  VOLTAGE 
OUTPUT 

Figure  8  demonstrates  another  unbuffered  voltage  output  topol- 
ogy, this  time  implementing  a  bipolar  output  and  a  1.25  V  refer- 
ence input.  The  bipolar  output  is  accomplished  simply  by  tying 
Pin  16  to  the  output  (Pin  20).  Note  that  in  this  mode,  when  the 
digital  inputs  are  all  zeros  and  the  analog  input  is  at  1.25  V, 
-512  mV  will  be  produced  at  the  DAC  output.  Bipolar  zero 
(0  Vqut)  will  be  produced  when  the  MSB  is  ON  with  all  other 
bits  OFF  (100  .  .  .  00),  and  the  full-scale  voltage  minus  1  LSB 
(511.75  mV)  will  be  generated  when  all  bits  are  ON. 

The  input  range  of  1.25  V  is  generated  by  grounding  REFIN2 
(through  an  optional  gain  trim  potentiometer  or  gain  adjust 
50  fl  resistor)  and  using  REFINl  as  the  reference  input.  The 
input  resistance  in  this  mode  is  also  5k. 
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1  V  REFIN,  -10  V  UNIPOLAR,  BUFFERED  VOLTAGE 
OUTPUT 

Figure  10  shows  tlie  implementafion  of  the  1  V  full  scale  for  the 
reference  input     tying  REFIN  1  and  REFIN2  together  and 
driving  them  both  witb  the  input  voltage.  This  generates  a  high 
input  impedancej-and  some  care  should  be  taken  to  insure  that 
the  driving  impedance  at  this  node  is  finite  at  all  times  to  avoid 
saturating  the  reference  amplifier.  This  is  typically  accomplished 
by  a  using  a  lovi'  impedance  voltage  source  to  drive  the  refer- 
ence, but  if  the  topology  calls  for  this  source  to  be  switched  out, 
a  high  impedance  (10  kO)  termination  resistor  should  be  used 
(m  the  REFIN  iKide.,  . 


Figure  8.  I.ZSV  BBFIN/±  500  mV  Unbuffered  Bipolar 
Output 


5  V  REFIN,  2  V  BIPOLAR,  tiNBtlFiPEReC  VOLTAIC 

OUTPUT 

Figure  9  demonstrates  how  a  larger  unbuffered  voltage  output 
swing  can  be  realized.  Rload  (Pin  19)  is  tied  to  the  DAC  out- 
put (Pin  20)  tp  produce  an  output  resistaiice  of  rouglily  200  O, 


DIGITAL 
INPUTS 


E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 


.  TO  ANALOG  GROUND 
PLAflE 


,|l^  1 


5VNOMNAL 
^EF^IENCp  INPUT 

-P*  - 


ANALOG  GROUND  PLANE 


;  O-VF    ^  lo^F 


Figure  9.  5  V  REFIN/±  1  V  Unbuffered  Bipolar  Output 

It  should  be  noted  that  this  impedance  is  not  trimmed,  and  may 
vary  by  as  much  as  20%,  but  this  can  be  compensated  by  adjust- 
ing the  reference  voltage.  It  is  also  important  to  note  that  limita- 
tions in  the  DAC  output  compliance  would  prohibit  use  of  a  2  V 
unipolar  output  voltage  swing. 
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*Hlgli  imp«dMiM  termination  resistor  mey  tw  required, 
depending  on  the  nature  of  the  enelog  input.  See  text 

Figure  10.  1  V  REFIN/- 10  V  Umptaar  Buffered  Output 

For  fuU'Scale  output  ranges  greater  than  2  V,  some  type  of  ex- 
ternal buffer  amplifier  is  needed.  The  AD840  fills  this  require- 
ment perfectly,  settlii^  to  wtthin  0.023%  from  a  10  V  full-scale 
step  in  less  than  100  ns.  Ais''  sliown  in  Figure  10,  the  amplifier 
establishes  a  siunming  node  at  ground  for  the  DAC  output.  Hie 
output  voltage  is  determined  by  the  amplifier's  feedback  resistor 
(10.24  V  for  a  Ik  resistor).  Note  that  since  the  DAC  generates  a 
positive  current  to  groimd,  the  voltage  at  the  amplifier  output 
will  be  negative.  A  series  resistor  between  the  noninverting  am- 
plifier input  and  ground  minimizes  the  offset  effects  of  op  amp 
input  bias  ciurents. 

The  optimal  DAC  output  impedance  in  buffered  output  appUca- 
tions  depends  on  the  buffer  amplifier  being  used.  The  AD840  is 
stable  at  a  gain  of  10,  so  a  lower  DAC  output  impedance  (higher 
noise  gain)  is  desued  for  stability  reasons,  and  R^oad  should  be 
grounded.  The  100  il  DAC  output  impedance  produces  a  noise 
gain  of  11  with  the  Ik  feedback  resistor.  If  the  gain-of-two  sta- 
ble AD842  is  used  as  a  buffer,  a  200  SI  DAC  output  impedance 
will  ptodof^  a  stable  configuration  with  lower  noise  gain  to  the 
output;  )iAce,  Ru>Ar>  should  be  connected  to  the  DAC  output. 
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As  noted  earlier,  these  four  examples  are  part  of  an  array  of 
possible  configurations  available.  Table  II  provides  a  quick 
reference  chart  for  the  more  straightforward  applications,  but 
many  other  input  and  output  signals  are  possible  with  some 
modifications. 


The  next  three  circuits  provide  examples  of  different  analog  in- 
put drives,  including  a  fixed  dc  reference,  a  capacitively  coupled 
ac  reference,  and  a  DAC  driving  the  reference  channel.  Note 
that  the  entiie  ^pecmim  of  input  and  output  range  configura- 
tions are  avmlable  r^atdless  of  the  type  of  reference  drive  being 
used. 


Table  II.  AD66g  Topolcsgy  Vaciations 


OUTPUT  LEVELS 


Nominal 

Analog 

Inpnt 

OVtol  V 

-SOOmV  tb  +500  mV 

0  V  to  -10  V 

-  Q.. 

+5  V  to  -5  V 

-1  V  to  +1  V 

IV 

Unipolar 

-UabufEered  Vqut 
Am  s'pjns  21  +  22 

Bipolar 

Unbuffered  Vqut 
Aoi  =  Pins  21  +  22 

Unipolar 
Buffered  Vqut 
A,N  =  Pins  21  +  22 
ExtcniEil  Ainplifier 
(See  Figure  10) 

Bipolar 

Buffered  Vqut 
An^  =  Pins  21  +  22 
External  Amplifier 

'B^wlar 

•Unbuffered  Vour 

=  Pins  21  +  22 
K-L  \"in  17}  ilea 
To  louT  (Pin  20) 

1.25  V 

Unipolar 

Unbuffered  Vqut 
Aim  ^  Pin  22 
Pin  21  Grotmded 

Bipolar 

Unbuffered  Vqut 
AiN  =  Pin  22 
Pin  21  Grounded 
(See  Figure  8) 

Unipolar 

Buffered  Vqut 
Aim  =  Pin  22 
Pin  21  Grotmded 
External  An^iU^^  ; 

Bipolar 

Buffiored  Vqut 
AjN  =  Pin  22 
Fin  21  Grounded 
Boen^^VinpUfier 

Bipolar 

Unbuffered  Vqut 
AiN  =  Pin  22 
Pin  21  (kounded 
,Ry(Pinl9)Tip^ 
To  W  (Pin  2P) 

5V 

Unipolar 

Unbuffered  Vom- 
A,N  =  Pin  21 
Pin  i$2  Qrpumded 
(See  Figure  7) 

Bipolar 

Unbuffered  Vqut 

A,N  =  Pin  21 

.Pin, -2,2  ^:^und^  ;  ^ , 

Unipolar 
Buffered  Vqut 
A,N  =  Pin  21 
Pin  22  Grounded 
External  AinpUl^r^^^ 

3" 

Bipolar 

Buffered  Vqut 
Aim  =  Pin  21 
Pin  22  Grotmded 
Exte^ial  Amplifier 

■ 

Bipolar 

Unbuffered  Vovr 
A,N  =  Pin  21 
Pin  22  Grounded 
Rl  (Pin  19)  Tied 
To  lour  (Pin  20) 
_R:S«rKgure  9) 

DC  REFERENCE:  THE  AD586  DRIVING  THE  AD<68  . 

Figure  11  illustrates  one  of  the  more  obvious  anab^  inptit 
sources:  a  fixed  reference.  The  ADS86  produces  a  tonpecaniRr 
stable  S  V  analog  output  to  drive  the  AD668  in  the  5  V  input 


DIGITAL  [V 
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mode  (Pin  22  g^tmded,  input  into  Pin  21).  Fine  adjustment  of 
the  gain  is  provided  by  both  the  ADS  86  external  trim  resistor 
and  the  100  fl  potentiometer  in  series  with  the  reference  input. 
The  resistive  divider  at  the  reference  input  will  draw  approxi- 
mately 1  mA  fri^jEbej^S86,  leaving  plenty  of  driving  current 
for  other:  h)ad»-in-Ae-»yMBUi. 

AC  HOOKUP:  1.25  V  AC  FULL  SCALE,  2.5  V  DC  FULL 
SCALE 

The  circuit  shown  in  Figure  12  allows  separate  setting  of  dc  ref- 
erence bias  point  on  a  2.5  V  scale  and  capacitively  coupled  ac 
signal  on  a  1.25  V  scale.  The  basic  reference  input  is  configured 
in  the  1.25  V  mode  (Pin  21  grounded.  Pin  22  used  as  the  refer- 
ence input.)  The  2.5  V  dc  range  is  achieved  by  using  an  external 
5k  series  resistor  in  the  dc  path.  Note  that  because  of  the  rela- 
tively wide  tolerance  (±20%)  in  the  absolute  value  of  the 
A0668's  internal  input  divider  resistors,  substantial  gain  range 
adjUSfi^eitt-shtiUlidite  lirM 


Figure  1 1.  ADS86  Driving  the  AD668 
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Figure  12.  AC  Hookup 

DAC  DRIVE:  THE  AD568  DRIVING  THE  AD6«8    "  ' 
The  circuit  shown  iii  Figure  13  produces  an  analog  output  pro- 
poitiond  to  the  pibduct  of  two  digital  inputs.  The  ADS68  has 
atfiiui-btsard  fixed  reference  and  generates  a-  full-scUe~'olitpUt  <  ' 
voltage  eif  1.024  V  (just«s  die  AD668  does  in  its  imbuffereif ' 
voRj^  output  mode).  This  output  voltage  can  be  used  to  di- 
rectly drive  the  AD668  in  the  1  V  reference  input  mode.  Note 
that  in  this  case,  the  lower  410  codes  of  the  ADS68  kre  out-<P 
bounds;  the;  produce  an  undervoltage  condition  at  the  AD668 
reference  input.  While  the  two  DACs  are  similar  in  inany  ways, 
the  optimal  decoupling  schemes  differ  between  the  two  parts 
and  care  should  be  used  to  insure  that  ocfa  is  implemented  ap- 
pi^riately.  . 


CONSTRUCTION  GUIDELINES 

HIGH  FREQUENCY  PRINTED  CffiCUlrriOARb 

SUGGESTIONS 

In  systems  seeking  to  simultaneously  achieve  high  speed  and 
high  accuracy,  the  implementation  and  construction  of  the  cir- 
cuit is  often  as  important  as  the  circuit's  design.  Proper  RF 
techniques  must  be  used  in  device  selection,  placement  and 
routing,  and  supply  bypassing  and  grounding.  In  many  areas, 
the  performance  of  the  AD668  may  exceed  the  measurement 
capabilities  of  common  lab  instruments,  making  performance 
evaluation  particularly  difficult.  The  AD668  has  been  configured 
to  be  relatively  easy  to  use  in  spite  of  these  problems,  and  real- 
ization of  the  performance  indicated  in  this  datasheet  should  not 
be  difficult  if  proper  care  is  taken.  Figure  14  provides  an  illus- 
tration of  the  printed  circuit  board  layout  used  for  much  of  the 
AD668's  characterization.  The  board  represents  an  implementa- 
tion of  the  circuit  shown  in  Figure  23,  with  the  AD586  used  to 
driTC  g(pi^t^ia!;diai)i4,(|^  in  Figure  U^^^^ 


Figure  13.  ADS68  Driving  the  AD668 
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Rgure  14.  PC  Board  Layout 

THE  USE  OF  GROUND  AND  POWER  PLANES 

If  properly  implemented,  ground  planes  can  perform  a  myriad 
of  functions  on  high  speed  circuit  boards:  bypassing,  shielding, 
ciurent  transport,  etc.  In  mixed  signal  design,  the  analog  and 
d^tal  portions  of  the  board  should  be  distinct  from  one  an- 
other, with  the  analog  ground  plane  confined  to  areas  covering 
analog  signal  traces  and  the  digital  groimd  plane  confined  to  ar- 
eas covering  digital  interconnect.  The  two  groimd  planes  should 
be  |C)ime{»^  Jby  paths,  .l/4,in(^  tq  1/2  inch  vfide  p9  both  ^df»,^ . 
die'lMCj  as  shown  in  ngiire'  14.  Care  should  be  uken  to  insure 
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to  the  DAC,  as  \yeU  as  any  clock  signals.  Qttjbj|,toalpg  side, 
this  includes  the  analog  input  signal,  the  Di^^^ut  signal, 
and  the  supply  feeders.  The  use  of  wide  runs  or  planes  in  the 
routing  of  the  power  supplies  is  also  recommended.  This  serves 
the  dual  function  of  providing  a  low  series  impedance  power 
supply  to  the  part  as  well  as  providing  some  "free"  capadtive 
decoupling  to  the  appropriate  ground  plane. 

USING  THE  RIGHT  BYPASS  CAPACITORS 

The  capacitors  used  to  bypass  the  power  supplies  are  probably 
;  the  most  important  exteimal  components  in  any  high  speed  de- 
sign. Both  selection  and  placement  of  these  capacitors  can  be 
critical  and,  to  a  large  extent,  dependent  upon  the  specifics  of 
the  system  configuration.  The  dominant  consideration  in  the 
selection  of  bypass  capacitors  for  the  AD668  is  minimization  of 
series  resistance  and  inductance.  Many  capacitors  will  begin  to' 
look  inductive  at  20  MHz  and  above.  Ceramic  and  film  type 
capacitors  generally  feature  lower  series  inductance  than  tanta- 
lum or  electrolytic  types.  A  few  general  rules  are  of  universal 
use  when  approaching  the  problem  of  bypassing. 

Bypass  capacitors  should  be  installed  on  the  printed  circuit 
board  with  the  shortest  possible  leads  consistent  with  reliable 
construction.  This  helps  to  minimize  series  inductance  in  the 
leads.  Chip  capacitors  are  optimal  in  this  respect. 

Some  series  inductance  between  the  DAC  supply  pins  and  the 
power  supply  plane  may  help  to  filter-out  high  frequency  power 
supply  noise.  This  inductance  can  be  generated  using  a  small 
ferrite  bead. 

HIGH  SPEED  INTERCONNECT  AND  ROUTING 

It  is  essential  that  care  be  taken  in  the  signal  and  power  ground 
circuits  to  avoid  inducing  extraneous  voltage  drops  in  the  signal 
ground  paths.  It  is  suggested  that  all  connections  be  short,  di- 
rect, and  as  physically  close  to  the  package  as  possible,  thereby 
minimizing  the  sharing  of  conduction  paths  between  different 
currents.  When  runs  exceed  an  inch  or  so  in  length,  some  type 
of  termination  resistor  may  be  required.  The  necessity  and  value 
of  this  resistor  will  be  dependent  upon  the  logic  family  used. 

For  maximum  ac  performance,  the  DAC  should  be  mounted 
directly  to  the  circuit  board;  sockets  should  be  avoided  as  they 
introduce  unwanted  capacitive  coupling  between  adjacent  pins  of 
the  device.  For  purposes  of  testing  and  characterization,  low 
profile  sockets  are  preferable  to  zero-insertion  force  types. 

TYPICAL  PERFORMANCE  CHARACTERISTICS 

The  following  plots  indicate  the  typical  performance  of  the 
AD668  in  properly  configured  circuits.  Wherever  possible,  sug- 
gestions are  provided  to  assist  ite       in  achie^^^  the  indicated 
performance  levels.  „ 

DC  PERFORMANCE 

Power  Consumption  vs.  Vref^V nom 

As  suggested  in  previous  sections,  most  portions  of  AD668's 

current  budget  are  proportional  to  the  analog  input  signal.  As  a 

result,  operating  the  part  at  a  reduced  reference  voltage  offers 

substantial  power  savings.  This  may  be  jiarticularly  attraetive  iH 

applicdtions  featuring  a  buffered  output  voltage,  sihce  the  size  'of 
the  feedback  resistor  may  be  increased  to  compensate  for  the 
reduced  DAC  current.  For  example,  the  DAC  could  be  config- 
nredto  thd  5  ¥'ii^ft|'jm>&,-but  iiM«eh  ^liti'ai.S  V  fefs^fe,^_ 
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strated  later  in  this  section,  but  the  circuit  designer  is  free  to 
trade  power  dissipation  agaiiist  performance  to  optimize  &e 
AD668  for  his  application. 
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Figure  IS.  Power' Consumpthh'^6:"Reference  Level 
Linearity  vs.  Vref/Vnom 

At  reduced  current  levels,  the  linearity  of  the  PNP  DAC  used  in 
the  AD668  becomes  more  sensitive  to  the  mismatch  in  transistor 
Vbe's.  As  Figure  16  indicates,  this  effect  starts  to  increase  fairly 
dramatically  for  reference  levels  less  than  25%  of  nominal.  In- 
creasing the  current  level  above  100%  does  not  appreciably  im- 
prove the  linearity  performance  since  the  DAC  has  been 
trimmed  to  perform  optimally  at  the  100%  reference  level. 
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Pigtire  16.  Lirtearity  vs.  Reference  Level 
AC  PERFORMANCE 

For  the  piurposes  of  characterizing  the  frequency  domain  perfor- 
mance of  the  AD668,  all  bits  are  turned  on  and  the  DAC  is  es- 
sentially treated  as  a  voltage  amplifier/attenuator.  The  tests  used 
to  generate  these  performance  curves  were  done  using  the  circuit 
shown  in  Figure  12. 

AC  characterization  in  the  megahertz  region  is  not  trivial,  and 
special  consideration  is  required  to  produce  meaningful  results. 
Probe  ground  straps  are  inappropriate  at  these  frequencies;  some 
type  of  probe  socket  is  required.  Signals  should  be  routed  either 
on  a  PC  board  over  a  ground  plane  or  through  a  coaxial  cable. 
Proper  termination  impedances  should  be  used  throughout  the 
fixturing.  \ 
Large  Signal  Frequency  Response 

Figure  17  represents  the  gain  and  phase  response  of  a  signal 
swinging  from  10%  to  120%  (peak  to  peak)  of  the  nominal  refer- 
ence iufmt.  The  DAC  refisroice  amplifier  iaa  an  effective  slew 
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rate  or  30  Witts  at  the  DAC  output,  so  there  will  be  slew- 
induced  distortion  for  full  scale  swings  at  greater  than  10  MHz. 


FREQUENCY 


Figure  1 7.  Large  Signal  Gain  and  Phase  Response 

Small  Signal  3  dB  Bandwidth  vs.  Vkef^nom 

Figure  18  demonstrates  the  small  signal  (20%  of  nominal  refer- 
ence) bandwidth  sensitivity  to  the  analog  input's  dc  bias.  The 
small  signal  3  dB  bandwidth  at  100%  reference  levels  is  greater 
than  15  MHz,  but  the  bandwidth  remains  greater  than  10  MHz 
over  the  entire  nominal  reference  range.  The  differential 
gain  and  phase  for  a  200  mV,  3  MHz  signal  are  0.5%  and  2°, 
req>ectively. 
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Analog  Feedthrough  vs.  Frequency 

Analog  feedthrough  is  a  measure  of  the  effective  signal  at  the 
DAC  output  when  all  bits  are  off  and  a  full-scale  signal  is  placed 
at  the  analog  input.  At  dc,  the  feedthrough  is  a  result  of  analog 
input  dependent  ground  drops,  predominantly  through  the  lad- 
der ground.  Good  groimding  practices  will  minimize  this  effect. 
At  high  frequencies,  the  signal  may  propagate  to  the  output 
through  a  variety  of  capacitive  paths.  Proper  shielding  and  rout- 
ing should  be  implemented  to  eliminate  external  coupling  be- 
tween the  analog  input  and  the  DAC  >oiintt  node. 


Figure  18.  Small  Signal  Bandwidth  vs.  DC  Reference  Level 
Noise  Spectrum 

Figtire  19  shows  the  noise  spectrum  of  the  DAC  with  all  bits 
on.  The  noise  floor  of  -78  dB  is  just  above  the  noise  floor  of 
the  instrument  being  used,  in  part  due  to  the  relatively  small 
(1  V)  output  signal  of  the  DAC  in  voltage  out  mode. 
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Figure  20.  Analog  Feedthrougl}  vs.  Frequenfy 
Reference  Channel  THD 

THD,  or  total  harmonic  distortion,  is  the  ratio  of  the  root- 
mean-square  (rms)  sum  of  the  harmonics  to  the  fundamental 
and  is  expressed  in  dBs.  Figure  21  shows  the  typical  THD  of 
the  AD668  reference  channel  for  both  large  and  small  signals. 
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Figure  21: 'flelBremx'Channel  THB'vai.'frequency 

TRANSIENT  PERFORMANCE  - 

High  accuracy  settUng  time  measuremaits  of  les«  than  one 
hundred  nanoseconds  are  extremely  difficult  to.  make.  Ilie 
conventional  analog  amplifiers  used  in  osciUoscope:front  enija> 
typically,  cannot  recover  from  the  overdrive  resulting  from  a 
full-scale  step  in  sufficient  time.  Sampling  scopes  can  track  . 
much  quicker  rise  times  but  often  provide  insufficient  accuracy 
for  12-bit  characterization.  Data  Precision's  new  640  laimpling 
scope  provides  a  good  combination  of  speed  and  resolution  that 
provides  just  enough  performance  to  measure  the  AD668's 
performance. 


Figure  19.  Noise  Spectrum 
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Digital  Settling  Time  " 

Figure  22  illustrates  the  typical  settling  characteristic  of  thC'  - ' 
AD668  to  a  full-scale  change  in  digital  inputs  with  the  analog 
input  fixed  at  100%.  The  digital  driving  circuity  is  shown  in 
Figure  23.  This  circuit  allows  the  DAC  to  be  togged  between  ' 
any  two  codes,  and  so  provides  an  excellent  means  of  characteiK 
izing  both  settling  and  ghtch  performance. 


i 
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Figure  24.  Digital  Settling  Time  vs.  Reference  Level 


Rgl^l/^Zl  Typtcaj^O^/'ra/  Settling  CharactehsScs 


Aaakig  Se«]ii«  Itme 

One  of  the  biggest  challenges  in  measuring  the  settUng  time  of  a 
high  accuracy  amplifier  is  producing  a  clean  waveform  widi 
which  to  drive  the  input.  In  this  case,  an  ADS68  was  used  to  ' 
drive  the  analog  channel  in  the  1  V  input  mode  (see  Fignie  ISji 

As  indicated  by  Figure  25,  the  referred-to-output  slew  ratt  is  ^ 
30  V/fis  for  a  1  V  output.  This  implies  that  a  fiill-scale  analog 
input  sine  waves  of  greater  than  10  MHz  frequency  will  suffer 
some  slew-induced  distortion.  It  should  be  noted  that  the  slew- 
ing limitation  is  in  the  reference  amplifier,  not  in  the  DAC  out- 
put, so  a  10  V  buffered  output  voltage  would  slew  at  300  V/pis, 
provided  the  output  buffer  is  sufficiently  fast. 
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Digital  Settling  Time  vs.  V^ef 

The  reference  amplifier  loop  has  been  compensated  for  optimal 
settling  performance  at  Vr^pA'^om^  100%,  but  as  Figure  24 
indicates,  there  is  relatively  little  degradation  in  settling  perfor- 
mance for  a  wide  range  of  reference  levels.  Consideration  of  Fig- 
ures 15,  16,  and  24  support  that  a  1/2  power  solution  would  see 
very  httle  degradation  in  speed  or  accuracy  performance. 
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Figure  25.  Typical  Analog  Settling  Characteristic 
Undervoltage  Recovery  Time 

The  ramifications  of  exceeding  the  specified  lower  limit  of  10% 
on  the  reference  channel  depend  on  the  extent  and  duration  of 
the  undervoltage  condition.  Figure  26  illustrates  that,  after  hold- 
ing the  reference  at  0%  (REFIN  =  REFCOM)  for  1  jjls,  the 
AD668  takes  35  ns  to  return  to  10%  of  full  scale  once  the  refer- 
ence is  returned  to  100%.  This  is  the  worst  case:  recovery  fixim 
a  completely  "off  condition. 
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Figure  26.  Underyoltage  Recovery 
Glitch  bnpabe 

The  AD668's  glitdi  at  the  major  carry  is  illustrated  in  Figure  2. 
The  AD668  features  a  conventional  DAC  architecture  that  has 
two  basic  g]itdi  mechanisms:  digital  feedthrough  and  data  skew. 
Careful  consideration  of  these  mechanisms  will  help  the  glitch- 
conscious  user  minimise  glitch  in  his  application. 

Digital  Feedthrough 

As  with  any  converter  product,  a  high  speed  digital-to-analog 
convertCT  is  forced  to  exist  on  the  frontier  between  the  noisy 
environment  of  high  speed  digital  logic  and  the  sensitive  analog 
domain.  The  problems  of  this  interfacing  are  particularly  acutg  ~^ 
when  demands  of  high  speed  (greater  than  lOMHz  switching 
times)  and  high  precision  (12  bits  or  more)  are  combined.  No 
ainoimt  of  design  effort  can  perfectly  isolate  the  analog  portions 
of  a  DAC  from  the  spectral  components  of  a  digital  input  signal 
widi  a  2  ns  rise  time.  Inevitably,  once  this  digital  signal  is 
brought  onto  the  chip,  some  of  its  higher  frequency  components 
will  find  their  way  to  the  sensitive  analog  nodes,  producing  a 
digital  feedthrough  glitch.  To  minimize  the  exposure  to  this  ef- 
fect, the  AD668  has  intentionally  omitted  the  on-board  latches 
that  have  been  included  in  many  slower  DACs.  This  not  only 
reduces  the  overall  level  of  digital  activity  on  chip,  it  also  avoids 
bringing  a  latch  clock  ptUse  on  board,  whose  opposile  ed^  inev- 
itably produces  a  substantial  glitch,  even  when  the^AC  a  not 
supposed  to  be  changing  codes. 

Data  Skew 

The  AD668,  like  many  of  its  slower  predecessors,  essentially 
uses  each  digital  input  line  to  switch  a  separate,  weighted-cur- 
rent to  dther  the  output  (lotrr)     some  other  node  (ANALOG 
COM).  If  the  input  bits  are  not  changed  simultaneously,  or  if 


the  different  DAC  bits  switch  at  different  speeds,  then  the  DAC 
output  current  will  momentarily  take  on  some  incorrect  value. 
This  effect  is  particularly  troublesome  at  the  "carry  points," 
where  the  DAC  output  is  to  change  by  only  one  LSB,  but  sev- 
eral of  the  larger  current  sources  must  be  switched  to  reahze  this 
change.  Data  skew  can  allow  the  DAC  output  to  move  a  sub- 
stantial amount  towards  full  scale  or  zero  (depending  upon  the 
direction  of  the  skew)  when  only  a  small  transition  is  desired. 
Great  care  was  taken  in  the  design  and  layout  of  the  AD668  to 
ensure  that  switching  times  of  the  DAC  switches  are  symmetri- 
cal and  that  the  length  of  the  input  data  lines  are  short  and  well 
matched.  The  glitch-sensitive  user  should  be  equally  diligent 
about  minimizing  the  data  skew  at  the  AD668's  inputs,  particu- 
larly for  the  4  or  5  most  significant  bits.  This  can  be  achieved 
by  using  the  proper  logic  family  and  gate  to  drive  the  DAC,  and 
keeping  the  intoconnect  lines  between  the  log  outputs  and  the 
DAC  inputs  as  short  and  as  well  matched  as  pomible,  particu- 
laily  for  die  nuist  bits.  The  top  6  bits  slioiild  be 

drivoi  from  the  saihe  latch  chip  if  latches  are  used. 

DEGLITCHING  FOR  PRECISION  WAVEFORM 
GENERATION 

There  are  high  speed  SHAs  available  with  specifications  suffi- 
cient to  deglitch  the  AD668,  however  most  are  hybrid  in  design 
at  costs  which  can  be  prohibitive.  A  high  performance,  low  cost 
^tsrnmve  shov^  in  Figure  27  is  a  4^ae|e        utiliang  a  high 
'tipcscf^flSmoliiifc  op  amp  and  high  ^e^  DMOS  FET  switches. 

This  SHA  circuit  uses  the  inverting  integrator  architecture.  The 
AD841  operational  amplifier  used  (300  MHz  gain  bandwidth 
product)  is  fabricated  on  the  same  high  speed  process  ar-tlti; 
AD668.  The  time  constant  formed  by  the  100  It  resistor  lind  the 
100  pF  eapadtor  detomines  the  acquisition  titUe  anti  also  band 
limits  the  output  signal  to  eliminate  slew  induced  distbrtitdiT 

A  discrete  drive  circuit  is  used  to  achieve  the  best  performance 
from  the  SDSOOO  quad  DMOS  switch.  This  switch  driving  cell 
is  composed  of  MPSS71  RF  npn  transistors  and  an  MC10124 
TTL  to  ECL  translator.  Using  this  technique  provides  both 
high  speed  and  highly  symmetrical  drive  signals  for  the  SDSOOO 
switches.  The  switches  are  arranged  in  a  single-throw  double- 
pole  (SPDT)  configuration.  The  360  pF  "flyback"  capacitor  is 
switched  to  the  pp  amp  summing  jimction  during  the  hold  mode 
to  keep  switching  transients  from  feeding  to  the  output.  This 
capacitor  is  grounded  during  sample  mode  to  minimiTy  its  effect 
on  acquisition  time. 


Figure  27.  High  Performance,  Low  Cost  Deglitching  Circuit 
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F/gure  28a.  PCB  Layout  of  Foil  Side 


dircuit  layout  for  a  high  speed  deglitcher  is  ahnost  as  critical  as 
flie  design  itself.  Figure  28  shows  the  recommended  layout  of 
^  d^Iitching  cell  for  a  double-sided  printed  circuit  board.  The 
Ii^out  is  very  compact       care  oken  that  all  ciitieat  spgniA  j 
paths  are  short.        ^  ,  ,  ,  ,  .  '  , 


Performance  of  the  AD668  in  waveform  generation  applications 
is  greatly  improved  with  the  use  of  this  deglitching  method. 
Peak  harmonics  and  spurious  free  dynamic  ran^  are  typically  . 
maintained  at  — 7Q  dS'fD  -75  dS  with  updimi'iattis  m?  to      '  ^ 
10  MHz.        '       ■        ■■         ■  '  •  . 
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FEATURES 
Complete  16-Bit  D/A  Function   

On-Chip  Output  Amplifier 

High  Stability  Buried  Zener  Reference 
Monolithic  BiMOS  II  Construction 
±1  LSB  Integral  Linearity  Error 
15-Bit  Monotonic  over  Temperature 
Microprocessor  Compatible 

16-Bit  Parallel  Input 

Double-Buffered  Latches 

Fast  40  ns  Write  Pulse 
Unipolar  or  Bipolar  Output 
Low  Glitch:  15  nV-s 
Low  THD+N:  0.009% 

MIL-STD-883  Compliant  Versions  Available 


PRODUCT  DESCRIPTION 

The  AD669  DACPORT™  is  a  complete  16-bit  monolithic  D/A 
converter  with  an  on-board  reference  and  output  amplifier.  It  is 
manufactured  on  Analog  Devices'  BiMOS  II  process.  This  pro- 
cess allows  the  fabrication  of  low  power  CMOS  logic  functions 
on  the  same  chip  as  high  precision  bipolar  linear  circuitry.  The 
AD669  chip  includes  current  switches,  decoding  logic,  an  output 
amplifier,  a  buried  Zener  reference  and  double-buffered  latches. 

The  AD669's  architecture  insures  15-bit  monotonicity  over  tem- 
perature. Integral  nonlinearity  is  maintained  at  ±0.003%,  while 
differential  nonlinearity  is  ±0.003°'o  max.  The  on-chip  output 
amplifier  provides  a  voltage  output  settling  time  of  10  (i,s  to 
within  1/2  LSB  for  a  full-scale  step. 

Data  is  loaded  into  the  AD669  in  a  parallel  16-bit  format.  The 
double-buffered  latch  structure  eliminates  data  skew  errors  and 
provides  for  simultaneous  updating  of  DACs  in  a  multi-DAC 
system.  Three  TTL/LSTTL/5  V  CMOS  compatible  signals  con- 
trol the  latches:  CS,  LI  and  LDAC. 

The  ou^ut  range  of  the  AD669  is  pin  programmable  and  can  be 
set  to  pi^yide  a  unipolar  cmtput  range  of  0  V  to  +10  V  or  a  bi; 
polar  output  range.of  -10  V  to  -I- 10  V. 

The  AG669  is  available  in  seven  grades:  AN  and  BN  versions 
are  specified  from  -WC  to  +S5°C  and  are  packaged  in  a  28-pin 
plastic  DIP.  The  AR  and  BR  versions  are  specified  for  -40°C  to 
-l-85°C  operation  and  are  packaged  in  a  28-pin  SOIC.  The  AQ 
and  BQ  versions  are  also  specified  from  — 40°C  to  -t-85°C,  while 
the  SQ  version  is  specified  from  — 55°C  to  -H25°C.  The  AQ, 
BQ  and  SQ  versions  are  all  packaged  in  a  hermetic  28-pin  cer- 
dip  package.  The  AD669  is  also  available  compliant  to  MIL- 
STD-883.  Refer  to  the  AD669/883B  data  sheet  for  specifications 
and  test  co 


FUNCTIONAL  BLOCK  DIAGRAM 


PRODUCT  HIGHLIGHTS 

1.  The  AD669  is  a  complete  voltage  output  16-bit  DAC  with 
voltage  reference  and  digital  latches  on  a  single  IC  chip. 

2.  The  internal  buried  Zener  reference  is  laser  trimmed  to  ' 
10.000  volts  with  a  ±0.2%  maximum  error.  The  TOftrepee 
voltage  is  also  available  for  external  applications. 

3.  The  AD669  is  both  dc  and  ac  specified.  DC  specs  include 
±  1  LSB  INL  error  and  ±  1  LSB  DNL  error.  AC  specs 
include  0.009%  THD-hN  and  0.0063%  SNR.  The  ac  speci- 
fications make  the  AD669  suitable  for  signal  generation 

—  !^)|dicatioii$.      _  -   . 

4.  The  double-buffered  latches  on  the  AD669  eliininate  data 
skew  errors  while  allowing  simultaneous  updating  of  DACs 

in  multi-DAC  systems. 

5.  The  output  range  is  a  pin-programmable  unipolar  0  V  to 
-HO  V  or  bipolar  — 10  V  to  -HO  V  output.  No  extemalixnn- 
ponents  are  necessary  to  set  the  desired  output  range. 

6.  The  AD669  is  available  in  versions  compliant  with  MIL- 
STD-883.  Refer  to  the  Analog  Devices  Military  Products 
Databook  or  current  AD669/8g36  data-sheet  for  detailed 
specifications.  i  i-  ■    >  !• 


DACPORT  is  a  trademark  of  Analog  Devices,  Inc. 

REV.0 


DIGITAL^TO-ANALOG  CONVERTERS  2-139 


AD669-SPECIFICATIONS 


(I,  =  +m,  Vk  =  +1S  V,  Vee  =  -15  V,  Vu.  =  +5  V  unless  otherwise  stated) 


Model 

AD669AN/AR 
Min       Typ  Max 

AD669AQ/SQ 
Min    Typ  Max 

AD669BN/BQ/BR 
Min    Typ  Max 

RESOLUTION 

16 

16 

ri6'      -  ■ 

lis 

DIGITAL  INPUTS  (J^  to  Tm^je) 
V„  (Logic  "I") 
(Logic  "0") 

2.0  5.5 
0  0.8 

★  ★ 

*  * 

*  * 

*  * 

Volts 
Volts 

im(Vi„  =  5.5V)  „. 

IiL  (V,i.  =  0  V) 

±10 
±10 

* 

* 

* 

HA 
p.A 

TRANSFER  FUNCTION  CHARACTERISTICS' 

Integral  Nonlinearity 

Differential  Nonlinearity 

Tmin  ^  T,h^ 
Monotonicity  Over  Temperature 
Gain  Error^' ' 
Gain  Drifts  <J^  to 
Unipolar  Offset 

Unipolar  Offset  Drift  (Tmin '«>  Tmax) 
Bipolar  Zero  Error 

Bipolar  Zero  Error  Drift  0^,0^  to  Tmax) 

±2 
±4 
±2 
±4 

14 

±0.15 
25 

±5 
5 

±15 

* 
* 

14 

±0.10 
15 
±5 
3 

±15 
10 

:  . 

:        ±2  - 

rife   '  ■ 
■  15- 

V  ±0.10 
15 

±2.5 
3 

±10 
5 

LSB 
LSB 
LSB 
LSB 
Bits'* 

%  of  FSR 

ppm/°C 
mV 

ppm/°C 

mV 

Ppm/°C 

REFERENCE  INPUT 
Input  Resistance 
Bipolar  Offset  Ii^ut  ^Resistance 

7           10  13 
7           10  13 

★        *  * 

*.v  ■  .1*  * 
*        *  * 

kn 
kn 

REFERENCE  ODWJT 

Voltage 
Drift 

External  Current^ 
Qgwdtive  Load 

Short  C^ieuit  Cancdt  '                    '  -  ' 

9.98       10.00  10.02 
25 

2  4 

1000 

v:-  is  - 

*  *  * 

15 

*  * 

* 

* 

*  *  * 

15 

*  * 

* 

*  ■ 

Volts 

ppm/°C 

mA 

pF 

mA 

OOTPOTCHftSACRBRfisn®''"  '  "  '"■ 
Output  Votei^Wife''  - 

Unipolar  Coiifignra^)>q<v  , 

Bipolar ConfigwatioDr    H'  '  i 
Output  Current                             J  i  l  .  ■  ■ 
Capadtive  Load                    ,    .  .   .  , 
Short  Circuit  Current 

0           ■    ,  +10 
-10  +10 

1000' 

25 

*  * 

*  * 
* 

* 

*  * 

*  * 
* 

* 

* 

Volts 

Volts 

mA 

pF 

mA 

POWER  SUPPLIES 
Voltage 

Vix 

Current  (No  Load) 
Ice 

III 

@  V„,  V,,  =  5,  0  V 

^      IH'      IL             w  T 

@  Vm,  V,L  =  2.4,  0.4  V 
Power  Supply  Sensitivity 
Power  Dissipation  (Static,  No  Load) 

+13.5  +16,5 
-13.5  -i«!;5 
+4.5  +5.5 

+  12  +18 
-12  -18 

0.3  2 
3  7.5 
1  3 
365  625 

*  * 

*  ■  ■  ■* 

■  *■  * 

*  * 

■ '  *  '  * 

*  * 
* 

*  * 

*  * 

*  * 

*  * 

*  * 
* 

>  >  >  11  11 

TEMPERATURE  RANGE 
Specified  Performance  (A,  B) 
Specified  Perfonnaoce  (S) 

-40  +85 

-40  +85 

•.-*-j5-'J' .f.  .ii,+i3S  : 

-40  +85 

°C 
?G 

NOTES 

'For  16-Wt  iranhltioil,  1  LSB  =  0.0015%  of  FSR  =  15  ppm  of  FSR.  For  15-bit  resolution,  1  LSB  =  0.003%  of  FSR  =  30  ppm  of  FSR.  For  14-bit  resolution 
1  LSB  =  0.006%  of  FSR  =  60  ppm  of  FSR.  FSR  stands  for  Full-Sale  Range  and  is  10  V  for  a  0  to  +10  V  span  and  20  V  for  a  -10  V  to  -HO  V  span.  ' 

^Gain  error  and  gain  drift  measured  using  the  internal  reference.  Gain  drift  is  primarily  reference  related.  See  the  Using  the  AD669  with  the  AD688  Reference 
section  for  further  information. 

^External  current  is  defined  as  the  current  available  in  addition  to  that  supplied  to  REF  IN  and  SPAN/BIPOLAR  OFFSET  on  the  AD669. ,      ...  ,   ,  , 
*Operatkm  tm  ±12  V  aiin>lies  is  poaaUe  using  m  eaxenul  lefeience  lil«  die  ADS86  and  te^^  ll>frr  tn  rii>  Iimm.i/tl'irm^rf  ^mfff^f,^' 

Uae  section. 

'Meaaared  with  fixed  50  CI  resistors.  EOmiagpg^msjmiffsm  ioemmi  Aie  aria  ens  tsr  &2S%  aC^R  (Diiqialar  mode)  or  OJOK  of      (fitfabr  mode). 
Refer  to  the  Analog  Circuit  Connections  Secdoii. 
*SanK  as  AD669AN/AR  specilication. 
Specifications  subject  to  change  without  notice. 

Specifications  in  boldface  are  tested  on  all  production  units  at  final  electrical  test.  Resttlts  from  those  tests  are  used  to  calculate  outgoing  quality  levels.  All  min 
and  max  aperifiywiniM  me  gnatameed.  TTmae  shown  in  holdftce  m  Icwed  on  all  niodncden  anils.  _ 

.-1  *        galcii/.V>4:>'n.  -        la'.-.  I 
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 AD669 

AC  PERFORMANCE  CHARACTERISTICS  (With  the  exception  of  Total  Harmonic  Distortion  +  Noise  and  Signal-to-Noise 
Ratio,  these  characteristics  are  included  for  design  guidance  only  and  are  not  subject  to  test.  THD+N  and  SNR  are  100%  tested. 
TpniH  s  T,  <  T,Mi,  Vce  =  +15  V,  V^j  =  -15  V,     =  +5  V  except  where  stated.) 


Parameter 

Limit 

Units 

Test  Conditions/CommentB  t..J..- 

Output  Settling  Time 
(Time  to  ±0.0008%  FS 
With  2  Kil,  lOUO  pr  I.oaa; 

13 

8 

10 

6 

8 

2.5 

(IS  max 
M-styp 
M-s  typ 
M-s  typ 
M-s  typ 
M-s  typ 

20  V  Step,  T^  =  +25°C  0^ 
20  V  Step,  Ta  =  -l-25°C 

20  V  Step,  Tmin  s  Ta  s  Tmax         —  .  arujan-.,.-  , 
10  V  Steo,  T„  =  +25°C 
10  V  Step  TjuN  ^      s  Tj^ 

1  LSB  Sw,  T»oN  s      s  lUii        MUMIX/  '  C 

Total  Harmonic  Distorticni  +31<"se 
A,  B,  S  Grade 
A,  B,  S  Grade 
A,  B,  S  Grade 

0.009 
0.056 

%  max 
%  max 
%  max 

0  dB,  1001  Hz;  Sample  Rate  =  100  kHz;  T^  =  -l-25°C 
-20  dB,  1001  Hz;  Sample  Rate  =  100  kHz;      =  -h25°C 
-60  dB,  1001  Hz;  Sample  jUtt  -  100JtH;E;.TA>=  -t-2^°C  , 

Signal-to-Noise  Ratio 

0.0063 

%  max 

A-Weight  Filter;  Ta  =  -l-25°C 

Digital-to-Analog  Glitch  Impulse 

15 

nV-s  typ 

DAC  Alternately  Loaded  with  8000H  and  7FFFH 

Digital  Feedtiirou^ 

2 

nV-s  typ 

DAC  Alternately  Loaded  with  OpOOH  and  FFFFH;  C$ 

Output  Noise  Voltage 
Density  (1  kHz -1  MHz) 

120 

nV/vUztyp 

Measured  at  Vout>  20  V  Span;  Ryrliideii  Reference 

Reference  Noise 

125 

nV/yTE  typ 

Meaqued  at  REF  OUT                        '  , 

1«; 


Spedficatioiu  subject  to  change  without  notice. 
SjimfifatioM  in  boldCKC  are  tened  on  aU  pndilclub'^niB  at  final  electrical  ten.  Aesults  fiom  those  tests  are  used  to  calculate  outgoing  quality  levels, 
and  max  spedficatibiis  are  guaranteed.  Those  ^iami  iaAbSdbiK  m  tested  on  all  pcbdnCtifat  units. 


TIMING  CHARACTERISTICS 

¥jt  =  +15  V,Vk  =  -15  V,  Vii  =  +5  V,  V„|  =  2.4  V,  V^o  =  0.4  V 


Limit 

Limit 

Limit 

-40"'C  to 

-55''C  to 

Parameter 

-i-25'<: 

+85"'C 

+125°C 

Units 

(Figure  la) 

ts 

40 

SO 

55 

ns  min 

to 

40 

SO 

55 

ns  min 

Ids 

30 

35 

40 

ns  min 

10 

10 

15 

ns  min 

tm 

90 

110 

120 

ns  min 

40 

45 

45 

ns  min 

(Figure  lb) 

*LOW 

130 

ISO 

165 

ns  min 

tinoH 

40 

45 

nsnjo 

*I>S 

120 

140 

ISO 

ns  min 

10 

10 

15 

ns  min 

LDAC 


Figtmt  la.  AD669  tevs/  Jfj^ffftvad-  Uming  Diagram 


Spedficadons  subject  to  change  withcAit  notice. 
Specifications  in  boldface  are  tested  on  all  production  units  at  final  electrical 
test.  Results  from  those  tests  are  used  to  calculate  outgoing  quaUty  leveb.  All 
min  and  max  specifications  are  guaranteed.  Those  shown  in  boldface  are 
teited  on  all  imxluction  units. 


CSAND/OR 
LI.  LOAC 


LOW  *HIGH 


TIE     AND/OR  LI  TO  GROUND  OR  TCiGETHER  WrTH  UMC 

Figure  lb,  ADWa  Edge  Triggered  Timing  Diagram 
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ESD  SENSITIVITY 

The  AD669  features  input  protection  circuitry  consisting  of  large  transistors  and  polysilicon  series 
resistors  t0jf|^ap^f^pt|^j^j^^<^g^  4^ia^^^unian  Body  Model)  and  fast,  low-energy  pulses 


(Charged  lfeM&  Mmnf^M^i^oi. 
a  Class  2  device. 

Proper  ESD  precautions  are  strongly  recommended  to  avoid  functional  damage  or  performance 
degnutetion.  Charges  as  hig^  as  4000  volts  readily  accumulate  on  the  human  body  and  test  equip- 
ment and  discharge  without  detection.  Unused  devices  must  be  stored  in  conductive  foam  or 
shunts,  and  the  fosmi  should  be  discharged  to  the  destination  socket  before  devices  are  removed. 
For  further  information  on  ESD  precautions,  refer  to  Analog  Devices'  ESD  Prevention  Manual. 


f  MIL-STD-g83C,  the  AD669  has  been  classified  as 


;:..:i-a%}0<»!  .0."  a 


ABSOLUTE  MAXIMUM  RATINGS* 

Vcc  to  AGND  ,   .  -0.3  V  to  -1-17.0  V 

Vee  to  AGND  -1-0.3  V  to  -17.0  V 

Vll  to  DGND   .  -0.3  V  to  -1-7  V 

AGNDtoDGND  ;   ±1  V 

Digital  Inpt(ts|toS'teo^%3i  to  0(M0  V^;  .  .  .  -1.0  V  to 

"  '~  '    ■ ,  '  +7.0  V 

REFINto  AGND  ±10.5  V 

Span/Bipolar  Offset  to  AGND  ±10.5  V 

Ref  C)ut,  ¥otrt  ■  ■   1  ■  ■  .  Ind^lEte  Short  To  AGND,  DGND, 
7    'i^i--       ■.Z:  (..  '.:  .Vti:.VBE>andVi.L 
Power  Dissipation  (Any  Package) 

To  -l-60°G   .   1000  mW 

Derates  above  -l-60°C  8.7  mW/°C 

Storage  Temperature  -65°C  to -H50°C 

Lead  Temperature  (Soldering,  10  sec)   300°C 

*Stresses  above  those  listed  under  "Absolute  Aiaximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only,  and  fimctional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indi- 
cated in  the  opeiadonal  section  of  this  specification  is  not  impUed.  Exposure 
to  absolute  mmrimnm  ts^ng  ccoiditions  for  extended  periods  may  affect 
device  leUability.  "  ^  ' 


PIN  CONFIGURATION 


Vee[T 
Vec[T 
Vll[T 
dgndIT 
ill  [T 
cs  [T 

DB15  [T 
DB14  [T 
DB13  [T 
DB12  [lO 
DB11  QT 
DBIO  [l2 
DBS  [l7 


AD669 

TOP  VIEW 

(NstlftSekl*) 


ORDERING  GUIDE 


Linearity 

Gain 

Temperature 

Enor  Max 

TC  max 

Package 

Package 

Model 

Range 

ppni/°C 

Description 

Option* 

AD669AN 

-40°C  to  -i-85°C 

±4LSB 

25 

Plastic  DIP 

N-28 

AD669AR 

-40°C  to  +S5'C 

+4  LSB 

25 

SOIC 

R-28 

AD669BN 

-40°C  to  -l-85°C 

±2  LSB 

15 

Plastic  DIP 

N-28 

AD669BR 

-40°C  to  -l-85°C 

±2  LSB 

15 

SOIC 

R-28 

AD669AQ 

-40°C  to  +85°C 

±4  LSB 

15 

Cerdip 

Q-2S 

AD669BQ 

-40°C  to  +85°C 

±2  LSB 

15 

Cerdip 

Q-28 

AD669SQ 

-55°C  to  +125°C 

±4  LSB 

15 

Cerdip 

Q-28 

AD669/883B** 

-55°C  to  +125°C 

** 

** 

** 

*N  =  Plastic  DIP;  Q  =  Cerdip;  R  =  SOIC.  For  outline  information  see  Package  Information  section. 
**Refer  to  AD669/883B  military  data  sheet. 
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DEFINITIONS  OF  SPECIFICATIONS 

INTEGRAL  NONLINEARITY:  Analog  Devices  defines 
integral  nonlinearity  as  the  maximum  deviation  of  the  actual, 
adjusted  DAG  output  from  the  ideal  analog  output  (a  straight 
line  drawn  from  0  to  FS-1  LSB)  for  any  bit  combination.  This 
is  also  referred  to  as  relative  accuracy. 

DIFFERENTIAL  NONLINEARITY:  Differential  nonlinearity 
is  the  measure  of  the  change  in  the  analog  output,  normaUzed  to 
full  scale,  associated  with  a  1  LSB  chang;e  in  the  digital  input 
code.  Monotonic  behavior  requires  that  the  differential  linearity 
error  be  within  ±  1  LSB  over  the  temperature  range  of  interest. 

MONOTONICITY:  A  DAC  is  monptonic  if  the  output  either 
increases  or  remains  constant  for 'iaeKB«n^  digital  iiq>uts  with 
the  result  that  the  output  will  aMSyrliie  a  single-valued  funMion 

of  the  input. 

GAIN  ERROR:  Gain  error  is  a  measure  of  the  output  error  be- 
tween an  ideal  DAC  and  the  actual  device  output -wift  all  Is 
loaded  after  offset  error  has  been  adjusted  out. 

OFFSET  ERROR:  Offset  error  is  a  combination  of  the  offset 
errors  of  the  voltage-mode  DAC  and  the  output  amplifier  and  is 
measiu'ed  with  all  Os  loaded  in  the  DAC. 

BIPOLAR  ZERO  ERROR:  When  the  AD669  is  connected  for 
bipolar  output  and  10  .  .  .  000  is  loaded  in  the  DAC,  the  devia- 
tion of  the  analog  output  fixnn  the  ideal  midscale  value  of  0  V  is 
called  ilie  bipolar  zero  error. 

TXRIFgi  .Jjatt  is  the  change  in  a  panuQettr  (swdl  as  gain,  offset 
and  bipolar  zero)  over  a  specified  temperature  range.  The  drift 
temperature  coefficient,  specified  in  ppm/°C,  is  calculated  by 

THE(«Y  OF  OraRATION 

The  AD669  uses  an  array  of  bipola^  ciirrent  sources  with  MOS 
current  steering  switches  to  devdo^  a  eurreuc  propunional  to  i 
the  applied  digital  word,  nm^ng  man  0  to  2  mA.  A  segmented 
architecture  is  used,  where  ibe  most  significant  four  data  bits  ' 
are  thermometer  decoded  to  drive  IS  equal  current  sources,  llhe 
lesser  bits  are  scaled  using  a  R-2R  ladder,  then  applied  together 
with  the  segmented  sources  to  the  summing  node  of  the  output 
amplifier.  The  internal  span/bipolar  offset  resistor  can  be  con- 
nected to  the  DAC  output  to  provide  a  0  V  to  -t- 10  V  span,  or  it 
can  be  connected  to  the*  rrference  ii4>ut  to  pipyide  a  - 10  V  to 
-t^lflV^wn. 


AD669 


measinring  the  parameter  at  Tmoq;«J^°6  J^^j^ik^vx  dividing 
the  change  not  di$,^^qmp^  inr  ^^^^^fl^f/^^g  teqip^gthtte] , 
change.      ' .  ...  ;  ^ 
TOTAL  HARMONIC  DKTORTION  -H  NOISE:  Toalhm-^  - 
monic  disQirtiou nD^i^£{ID-hl>I)'i8  defindd  as  the  ratio  of 
the  square  root  iof  the  sum  of  die  squares'of  the  values  of  die 
harmonics  and  noise  to  the  value  of  the  fundamental  input  fre- 
quency. It  is  usually  expressed  in  percent  (%). 

THSi|-N  is  a  measure  of  the  magnitude  and  distribution  of  lin- 
ea^^  error,  differential  linearity  error,  quantization  error  and 
noise.  The  distribution  of  these  errors  oiay  be  different,  depend- 
ing upon  the  amplitude  a(  the  xiutput  , signal..  Therefore,  to  be 
the  most  usefiil,  THD-ls]N.  shoul<iJ^[$^«^^ifgr  botb  laige  and 
small  signal  amplitude.  >< 

SIGNAL-TO-NOISE  RATIO:  The  signal-to-noise  ratio  is  de- 
fined as  the  ratio  of  the  output  with  no  signal  present  to  the  am- 
plitude of  the  output  when  a  full-scale  signal  is  present.  This  is 
measured  with  a  'Stffidard  A-weight  filter. 

DIGITAL-TO-ANALOG  GLITCH  IMPULSE:  This  is  the 
amount  of  charge  injected  from  the  digital  inputs  to  the  analog 
output  when  the  inputs  change  state.  This  is  measured  at  half 
scale  when  the  DAC  switches  around  the  MSB  and  as  many 
as  possible  svritcfaes  change  state,.i.«^j|«m  01^     Ill  to 
100  ..  .  000.  -  ' 

DIGITAL  FEEDTHROUGH:  When  the  DAC  is  not  selected 
(i.e.,  CS  is  held  high),  high  frequency  logic  activity  on  the  digi- 
tal inputs  is  capacitively  coupled  through  the  device  to  show  up 
as  noise  on  the  VotjT  P>n.  This  noise  is  digital  feedthrough. 

ao<inr,v       :  .V.-.  •    '0<i  OJVOj*^:  , 
 -    .  -wa    -<:.  .  I  r...  ■■  eg  -iKi  jjuii.r,      'v     '•:  • 

(MSB)  (LSB)  '  1  - 

DB1S  DBO 


-Vee      *Vcc      Wll  dgnd 


Figure  2.  AD669  Functional  Block  Diagram 


^nK.j^  all;  «J  Utw  isoisv  ttmitzn  i«m.;-.:-j  -lii  m  ■  r./tjsi- '    •  • 


ir^r-    ■  c.].'; '        ,tO  ':T  '  in  C 
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ANALOG  CIRCUIT  CONNECTIONS 

Internal  scaling  resistors  provided  in  the  AD669  nuQr  be  con- 
nected to  produce  a  unipolar  output  range  of  0  V  to  + 10  V  or  a 
bipolar  output  range  of  - lQ<V:«s  +10  V.  (%ia  «id  biisd  dnft : 
are  minimiMid  in  the  ADfiW^Becanae  of  die  tiietmai  tracking  ci 
the  scaBng  resistorj  with  other  device  components. 

UNIPOLAR  CONFIGURATION 

The  configuration  shown  in  Figure  3a  will  provide  a  unipolar 
0  V  to  +10  V  output  range.  In  this  mode,  50  fl  resistors  are 
tied  between  the  spanTbipolar  offset  terminal  (Pin  26)  and  Vqut 
(Pin  25),  and  between  REF  OUT  (Pin  28)  and  REF  IN  (Pin 
27).  It  is  possible  to  use  the  AD669  without  any  external  com- 
ponents by  tying  Pin  28  directly  to  Pin  27  and  Pin  26  directly  to 
Pin  25.  Eliminating  these  resistors  will  increase  the  gain  error  by 
0.25%of  FSR. 


(MSB) 
DB15 


Figure  3a.  0  V  to  +10  V  Unipolar  Voltage  Output 


If  it  is  desired  to  adjust  ths  gain  and  of&et  errors  to  zero,  this 
can  be  accomplished  using  the  drcnit  shonn  in  Figure  3b.  The 
adjustment  procedure  is  as  follows: 
STEPl  .  .  .  ZERO  ADJUST 

Turn  all  bits  OFF  and  adjust  zero  trimmer,  R4,  until  the  output 
reads  0.000000  volts  (1  LSB  =  153  (jiV). 

STEP  2  .  .  .  GAIN  ADJUST 

Turn  all  bits  ON  and  adjust  gain  trimmer,  Rl,  imtil  the  output 
is  9.999847  volts.  (Full  scale  is  adjusted  to  1  LSB  less  than  the 
nominal  fiill  scale  of  10.000000  volts). 


(MSB) 
DB15 


(LSB) 


+15V 

— — 1  I 

1—  (MHi"*^  *t 


R2 

500 


■10k 
-1W 


Figure  3b.  OVto  +10V  Unipolar  Voltage  Output  with 
Gain  and  Offset  Adjustment 

BIPOLAR  CONFIGURATION 

The  circuit  shown  in  Figiue  4a  will  provide  a  bipolar  output 
voltage  from  - 10.000000  V  to  +9.999694  V  with  positive  fijll 
scale  occurring  with  all  bits  ON.  As  in  the  unipolar  mode,  resis- 


tors Rl  and  R2  may  be  eliminated  altogether  to  provide  AD669 
bipolar  operation  without  any  external  components.  Eliminating 
these  resistors  Will  increase  the  gain  error  by  0.50%  of  FSR  in 
the  bipolar  mode. 


Figtimi4aii  A10V  Bipolar  Voltage  Output 

Gain  offset  and  bipolar  zeco  errors  can  be  adjusted,  Mif|^^ju^i)^ 
the  circuit  shown  in  Figure  4b  as  follows: 
STEP  I  .  .  .  OFFSET  ADJUST 

Turn  OFF  all  bits.  Adjust  trimmer  R2  to  give  - 10.000000  volts 
output. 

STEP  U  .  .  .  GAIN  ADJUST 

ttun  all  tSb  and  ii^m.  Rl  to  give  a  reading  of  +'9.9$%94 
voM 

STB?  m  .  .  .  BIPOLAR  ZERO  ADJUST  (Optional)  ' 
In  !q>plications  where  an  accurate  zeio  ouqnit  is  required,  set 
the  MSB  ONTaU  othor'Sa  OP^iM  ec^ust  R2  for  zero  volts 
output. 


Tns  oils 


Figure  4b.  ±10  V  Bipolar  Voltage  Output  with  Gain  and 
Offset  Adjustment 

It  should  be  noted  that  using  external  resistors  will  introduce  a 
small  temperature  drift  component  beyond  that  inherent  in  the 
AD669.  The  internal  resistors  are  trimmed  to  ratio-match  and 
temperatmre-track  other  resistors  on  chip,  even  though  their  ab- 
solute tolerances  are  ±20%  and  absolute  temperature  coefficients 
are  approximately  -50  ppm/°C.  In  the  case  that  external  resistors 
are  used,  the  temperature  coefficient  mismatch  between  internal 
and  external  resistors,  multiplied  by  the  sensitivity  of  the  circuit 
to  variations  in  the  external  resistor  vtbut^  «Mi  be  the  resultant 
additional  temperature  drift. 
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INTERNAL/EXTERNAL  REFERENCE  USE 
The  AD669  has  an  internal  low  noise  buried  Zener  diode  refer- 
ence which  is  trimmed  for  absolute  accuracy  and  temperature 
coefficient.  This  reference  is  buffered  and  optimized  for  use  in  a 
high  speed  DAC  and  will  give  long-term  stability  equal  or  supe- 
rior to  the  best  discrete  Zener  diode  references.  The  perfor-   ■ ' 
mance  of  the  AD669  is  specified  with  the  internal  reference 
driving  the  DAC  since  all  trimming  and  testing  (especially  for 
gain  and  bipolar  offset)  is  done  in  this  configuration. 

The  internal  reference  has  sufficient  buffering  to  drive  external 
circuitry  in  addition  to  the  reference  currents  required  for  the 
DAC  (typically  1  mA  to  REF  IN  and  1  mA  to  BIPOLAR 
OFFSET).  A  minimum  of  2  mA  is  available  for  driving  external 
loads.  The  AD669  reference  output  should  be  buffered  with  an 
external  op  amp  if  it  is  required  to  supply  more  than  4  mA  total 
current.  The  reference  is  tested  and  guaranteed  to  ±0.2%  max 
error.  The  temperature  coefficient  is  comparable  to  that  of  the 
gain  TC  for  a  particular  grade. 

If  an  external  reference  is  used  (10.000  V,  for  example),  addi- 
tional trim  range  should  be  provided,  since  the  internal  refer- 
ence has  a  tolerance  of  ±20  mV,  and  the  AD669  gain  and 
bipolar  offset  are  both  trimmed  with  the  internal  reference.  The 
optional  gain  and  offset  trim  resistors  in  Figures  S  and  6  provide 
enough  adjustment  range  to  null  these  errors. 

It  is  also  possible  to  use  external  references  other  than  10  volts 
with  slightly  degraded  linearity  specifications.  The  recom- 
mended range  of  reference  voltages  is  -1-5  V  to  -1-10.24  V,  which 
allows  5  V,  8.192  V  and  10.24  V  ranges  to  be  used.  For  exam- 
ple, by  using  the  AD586  5  V  reference,  outputs  of  0  V  to  -h  5  V 
unipolar  or  ±5  V  bipolar  can  be  realized.  Using  the  ADS86 
voltage  reference  makes  it  possible  to  operate  the  AD669  off  of 
±12  V  supplies  with  10%  tolerances. 

Figure  S  shows  the  AD669  using  the  AD586  5  V  reference  in 
lint  bipDbr  configuration.  This  circuit  includes  two  optional 
potentiometers  and  one  optional  resistor  that  can  be  used  to 
adjust  the  gain,  offset  and  bipolar  zero  errors  in  a  manner  simi- 
lar to  that  described  in  the  BIPOLAR  CONFIGURATION  sec- 
lia/a.  Use  -S.OOOOOO  V  and  -1^4.999847  as  the  output  values. 
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Figure  S.  LkUng  the  ADee9  wfth  the  ADSSe  S  V  Reforence 

USING  THE  AIM69  VOTH  THE  AD688  HIGH 
PRECISION  VOLTAGE  REFERENCE 

The  AD669  is  specified  for  gain  drift  from  15  ppmTC  to 
25  ppin/°C  (depending  upon  grade)  using  its  internal  10  vctt 
lefeiaice.  Since  the  intenul  teference  contributes  the  vast 
majority  Of  tbis  drift,  an  octemal  high  precision  voltage  refer- 
ence will  greatly  improve  performance  over  temperature.  As 
shown  in  Figure  6,  the  + 10  volt  output  from  the  AD688  is  used 
as  the  Ap6^|ii^reiiee.  ynth  a  3  pi>m/°C  drift  over  the  indus- 
trial tBB^ttfflm^e  wage;  tm'ABeaS  ivill  improve  the  gain  drift 
by  a  factor  of  5  to  a  factor  of  8  (depending  upon  the  grade  of 
the  AD669  being  used).  Using  this  combination  may  result  in 
apparent  increases  in  initial  gain  error  due  to  the  differences 
between  the  internal  reference  by  which  the  device  is  laser 
trimmed  and  the  external  reference  with  which  the  device  is 
actually  applied.  The  AD669  internal  reference  is  specified  to  be 
10  volts  ±20  mV  whereas  the  AD688  is  specified  as  10  volts 
±5  mV.  This  may  result  in  an  additional  5  mV  (33  LSBs)  of 
apparent  initial  gain  error  beyond  the  specified  AD669  gain 
error.  The  circuit  shown  in  Figure  6  also  makes  use  of  the 
- 10  V  AD688  output  to  allow  the  unipolar  offset  and  gain  to  be 
adjusted  to  zero  in  the  manner  desgBteit  iaiMie  UNIPOLAR 
CONFIGURATION  section.         !  I 
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OUTPUT  SETTLING  AND  GLITCH 

The  AD669's  output  buffer  ampli^isr  typically  settles  to  within 
0.000S%  FS  (1/2  LSB)  of  its  final  value  in  8  (is  for  a  ^-scale 
step.  Figures  7a  7b  show,  settling  for  a  full-scale  aO^^an^ 
LSB  step,  tespectiinely.  With  a  2  kll,  1000  pF  load  ipj^kd.  Tbe 
guaianteectomdii^yiii  settling  time  at  +2SX  for  4  full-scale 
is  13  |i5  with  this  Iwtd.  The  typical  settling  time  for  tl^B  ! 
step  is  2.5  |xs. 

The  digital-to-analog  glitch  impulse  is  specified  as  15  nV-s  typi- 
cal. Figiu:e  7c  shows  the  typical  glitch  impulse  characteristic  at 
the  code  Oil  .  .  .  Ill  to  100  .  ,  .  000  transition  when  loacUng 
the  second  rankf^sto:  fhim'die  first  rank  x^Mars^—K^H 


200 
0  ? 
-200 
-400 
-<00 


a.  -10  V  to  +10  V  Full-Scale  Step  Settling 


b.  LSB  Step  Settling 
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DIGITAL  CIRCUIT  DETAILS 

The  bus  interface  logic  of  the  AD669  consists  of  two  indepen- 
dently addressable  registers  in  two  ranks.  The  first  rank  consists  , 
of  a  16-bit  register  which  is  loaded  directly  ;^>m  a  16-b)f;S!jcn>-,^ 
processor  bus.  Once  the  l^^bit  data  word.  has  . be9'loB#4riii  t^- 
first  laidc,  it  cw  beioa^tetLiiito.tfae  16-bit -Kgin^  <tf  ibe;  aecond;. 
rank.  This  double-buffeted  (nganization  avoids  the  generation 
spurious  analog  output  values. 

The  first  rank  latch  is  controlled  by  CS  and  LI.  Both  of  these 
inputs  are  active  low  and  are  level-triggered.  This  means  that 
data  present  during  the  time  when  both  CS  and  LI  are  low  will 
enter  the  latch.  When  either  one  of  these  signals  returns  high, 
the  data  is  latched. 

The  second  rank  latch  is  controlled  by  LDAC.  This  input  is 
active  high  and  is  also  level-triggered.  Data  that  is  present  when 
LDAC  is  high  will  enter  the  latch,  and  hence  the  DAC  will 
change  state.  When  this  pin  returns  low,  the  data  is  latched  in 
the  DAC. 

Note  that  LDAC  is  not  gated  with  CS  or  any  other  control  sig- 
nal. This  makes  it  possible  to  simultaneously  update  all  of  the 
AD669's  present  in  a  multi-DAC  system  by  tying  the  LDAC 
pins  together.  After  the  first  rank  register  of  each  DAC  has  been 
individually  loaded  and  latched,  the  second  rank  registers  are 
then  brought  high  together,  updating  all  of  the  DACs  at  the 
same  time.  To  reduce  bit  skew,  it  is  suggested  to  leave  100  ns 
between  the  first  rank  load  and  the  second  rank  load. 

The  first  rank  latch  and  second  rank  latch  can  be  used  together 
in  a  master-slave  or  edge-triggered  configuration.  This  mode  of 
operation  occurs  when  LDAC  and  CS  are  tied  together  with  LI 
tied  to  groimd.  Rising  edges  on  the  LDAC-CS  pair  will  update 
the  DAC  with  the  data  presented  preceding  the  edge.  The  tim- 
ing diagram  for  operation  in  this  mode  can  be  seen  in  Figure 
lb.  Note,  however,  that  the  sum  of  tLow  and  Ihigh  must  be 
long  enough  to  allow  the  DAC  output  to  settle  to  its  new  value. 

It  is  possible  to  make  the  second  rank  register  transparent  by 
tying  Pin  23  high.  Any  data  appearing  in  the  first  rank  register 
will  then  appear  at  the  output  of  the  DAC.  It  should  be  noted, 
however,  that  the  deskewing  provided  by  Ae  Sstond  rank  latch 
is  then  defeated,  and  glitch  impulse  may  increase.  If  it  is  desired 
to  make  both  registers  transparent,  this  can  be  done  by  tying 
Pins  S  and  6  low  and  Pin  23  high.  Table  I  shows  the  truth  table 
for  tlie  AD669,  while  the  timing  diagram  is  found  in  Figme  L 

Table  I.  AI>669  Truth  Table 


CS 

LI 

LDAC 

Operation 

0 

0 

X 

First  Rank  Enable 

X 

1 

X 

First  Rank  Latched 

1 

X 

X 

First  Rank  Latched 

X 

X 

1 

Second  Rank  Enabled 

X 

X 

0 

Second  Rank  Latched 

0 

0 

1 

All  Latches  Transparent 

"X"  = 

-  Don't  Care 
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INFUT  CODING 

.The  AD669  uses  positive-true  binary  input  coding.  Logic  "1"  is 
rejnesented     m  m^  voltage  greater  than  2.0  V,  and  Logic 
JKJs-Mlw&pi  m  liWNk^  less  dian  0.8  V. 


'^Mt-^f.  .^^^^f'^S^^^  is.straigJit  binary,  where  all  zeros  (OOOOIQ  on 
the  data  iiqiuts  yields  a  zero  analog  output  and  all  ones 
(FFFFH)  yidtte  an  analog  ooipit  1  LSB  bdow  full  scale. 
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Bipolar  coding  is  offset  binary,  where  an  input  code  of  OOOOH 
yields  a  minus  full-scale  output,  an  input  of  FFFFH  yields  an 
output  1  LSB  below  positive  full  scale,  and  zero  occurs  for  an 
input  code  with  only  the  MSB  on  (8000H). 

The  AD669  can  be  used  with  twos  complement  input  coding  if 
an  inverter  is  used  on  the  MSB  (DBIS). 

DIGITAL  INPUT  CONSIDERATIONS 

The  threshold  of  the  digital  input  circuitry  is  set  at  1.4  volts. 
The  input  lines  can  thus  interface  with  any  type  of  5  volt  logic. 

The  AD669  data  and  control  inputs  will  float  to  indeterminate 
logic  states  if  left  open.  It  is  important  that  CS  and  LI  be  con- 
nected to  DGND  and  that  LDAC  be  tied  to  y^^  if  the$e  pins 
are  not  used. 

Fanout  for  the  A0669  is  40  when  used  with  ai  standard  low 
power  Schottky  gate  output  device. 

16-BIT  MICROFROC^SOR  INTERFACE 

The  16-bit  parallel  registers  of  the  AD669  allow  direct  interfac- 
ing to  16-bit  general  purpose  and  DSP  microprocessor  buses. 
The  foUowing  »ami)les  ilUjstiate  tgpcai  AD669  interface 

AD669  TO  ADSP-210I  INTERFACE 

The  flexible  interface  of  the  AD669  minimizes  the  required 
"glue"  logic  when  it  is  connected  in  configurations  such  as  the 
one  shown  in  Figure  8.  The  AP669  j|i  mapped  into  the  ADSP- 
210rs  memory  space  and  reqi^$j^^tl!^JStaM!<ISi>IB!%^" 
12. S  MHz  processor  clock. 


8a.  ADSP-2101  to  AD669  Interface 


DMS  — y 

8b.  Typical  Address  Decoder 
^Krfift  ADSP-210t  toAOe^  Interface 


In  this  configuration,  the  ADSP-2101  is  set  up  to  use  the  inter- 
nal timer  to  interrupt  the  processor  at  the  desired  sample  rate. 
The  WR  pin  and  data  lines  D8-D23  from  the  ADSP-2101  are 
tied  directly  to  the  LI  and  DBG  through  DB15  pins  of  the 
AD669,  respectively.  The  decoded  signal  CSl  is  coimected  to 
both  CS  and  LDAC.  When  a  timer  interrupt  is  detected,  the 
ADSP-2101  automatically  vectors  to  the  appropriate  service  rou- 
tine with  mininnal  overhead.  The  interrupt  routine  then  instructs 
the  processor  to  execute  a  data  memory  write  to  the  address  of 
the  AD669. 

The  WR  pin  and  CSl  both  go  low  causing  the  first  15-bit  latch 
inside  the  AD669  to  be  transparent.  The  data  present  in  the 
first  rank  is  then  latched  by  the  rising  edge  of  WR.  The  rising 
edge  of  CS  1  will  cause  the  second  rank  16-bit  latch  to  become 
transparent  updating  the  output  of  the  DAG.  The  length  of  WR 
is  extended  by  two  wait  states  to  comply  with  the  timing  re- 
quirements of  t^o,^  shown  in  Figure  lb.  It  is  important  to  latch 
the  data  with  the  rising  edge  of  WR  rather  than  the  decoded 
CSl.  This  is  necessary  to  comply  with  the  t^H  specification  of 
the  AD669. 

Figure  8b  shows  the  circuitry  a  typical  decoder  might  include. 
In  this  case,  a  data  memory  write  to  any  address  in  the  range 
3000H  to  3400H  will  result  in  the  AD669  being  updated.  These 
decoders  will  vary  greatly  depending  on  the  number  of  devices 
memory-mapped  by  the  processor. 

AD669  TO  DSP56001  INTERFACE 
Figure  9  shows  the  interface  between  the  AD669  and  the 
DSP56001.  Like  the  ADSP-2101,  the  AD669  is  mapped  into  the 
DS^6001's  meauwy  s{«ce.  This  application  was  tested  with  a 
processor  clock  of  20.48  MHz  (tcvc  =  97.66  ns)  although  faster 
rates  are  possible. 


An  external  clock  connected  to  the  IRQA  pin  of  the  DSP56001 
interrupts  the  processor  at  the  desired  sample  rate.  If  ac  perfor- 
mance is  important,  this  clock  should  be  synchronous  with  the 
DSP56001  processor  clock.  Asynchronous  clocks  will  cause  jitter 
on  the  latch  signal  due  to  the  uncertainty  associated  with  the 
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acknowledgment  of  the  interrupt.  A  synchronous  clock  is  easily 
generated  by  dividing  down  the  clock  from  the  DSP  crystal.  If 
ac  performance  is  not  important,  it  is  not  necessary  for  IRQA  to 
be  synchronous. 

After  the  interrupt  is  acknowledged,  the  interrupt  routine  ini- 
tiates a  memory  write  cycle.  All  of  the  AD669  control  inputs  are 
tied  together  which  configures  the  input  stage  as  an  edge  trig- 
'gered  16-bit  register.  The  rising  edge  of  the  decoded  signal 
latches  the  data  and  updates  the  output  of  the  DAC.  It  is  neces- 
sary to  insert  wait  states  after  the  processor  initiates  the  write 
cyde  to  comply  with  the  timing  requirements  Ilqw  shown  in 
InguiS  lb  .  The  number  of  wait  states  that  are  required  will  vary 
depending  on  the  processor  cycle  time.  The  equation  given  in 
Figure  9  can  be  used  to  determine  the  number  of  wait  states 
given  the  frequency  of  the  processor  crystal. 

As  an  example,  the  20.48  MHz  crystal  used  in  this  application 
results  in  T  =  24.4  ns  which  means  that  the  required  number  of 
wait  states  is  about  2.76.  This  must  be  rounded  to  the  next 
highest  integer  to  assure  that  the  minimum  pulse  widths  comply 
with  those  required  by  the  AD669.  As  the  speed  of  the  proces- 
sor is  increased,  the  data  hold  time  relative  to  CSl  decreases.  As 
processor  clocks  increase  beyond  20.48  MHz,  a  configuration 
such  as  the  one  shown  for  the  ADSP-2101  is  the  better  choice. 

AD669  TO  8086  INTERFACE 

Figure  10  shows  the  8086  16-bit  microprocessor  connected  to 
multiple  AD669s.  The  double-buffered  capability  of  the  AD669 
allows  the  microprocessor  to  write  to  each  AD669  individually 
and  then  update  all  the  outputs  simultaneously.  Processor 
speeds  of  6,  8,  and  10  MHz  require  no  wait  states  to  interface 
with  the  AD669. 

The  8086  software  routine  begins  by  writing  a  data  word  to  the 
CSl  address.  The  decoder  must  latch  the  address  using  the  ALE 
signal.  The  decoded  CSl  pulse  goes  low  causing  the  first  rank 
latch  of  the  associated  AD669  to  become  transparent. 

Simultaneously,  the  8086  places  data  on  the  multiplexed  bus 
which  is  then  latched  into  the  first  rank  of  the  AD669  with  the 
rising  edge  of  the  WK  pulse.  Care  should  be  tafen  to  prevent 
excessive  delays  l^rpug^  the.decoder  potentially  resulting  in  a 
violation  of  the  AD669  data  hold  time  (tj^). 

The  same  procedure  is  repeated  until  all  three  AD669s  have  had 
their  first  rank  latches  loaded  with  the  desired  data.  A  final 
write  command  to  the  LDAC  address  results  in  a  high-going 
pulse  that  causes  the  second  rank  latdies  of  all  the  AD669s  to  . 
becomp  transparent.  The  fa\iiDg  edge  of  LDAC  latches  the  data 
from  the  first  rank  until  the  next  update.  This  scheme  is  easily 
expanded  to  iadttde  as  many  AD669s  as  required. 
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8-Brr  MIOtOPROCESSbtt  INTERFACE 

The  AD669  can  easily  be  operated  with  an  8-bit  bus  by  the  ad- 
dition of  an  octal  latch.  The  16-bit  Gist  rank  register  is  loaded 
fmax  'dK  8^t  bytes.  Figure  11  shows  the  configura- 

tion vAlKSmmig'^'SSmfamim^. 

The  eight  most  significant  bits  are  latched  into  the  74HC573  by 
setting  the  "latch  enable"  control  line  low.  The  eight  least  sig- 
nificant bits  are  then  placed"  onto  the  bus.  N6W  all  sixteen  bits 
can  be  simultaneously  loaded  into  the  first  rank  register  of  the 
AD669  by  setting  CS  and-Ll  low.  <  1 
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Figure  11.  Connections  for  8-Bit  Bus  Interface 
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NOISE 

In  high  resolution  systems,  noise  is  often  the  limiting  factor.  A 
16-bit  DAC  with  a  10  volt  span  has  an  LSB  size  of  153  (jlV 
(—96  dB).  Therefore,  the  noise  floor  must  remain  below  this 
level  in  the  frequency  range  of  interest.  The  AD669's  noise 
spectral  density  is  shown  in  Figures  12  and  13.  Figure  12  shows 
the  DAC  output  noise  voltage  spectral  density  for  a  20  V  span 
excluding  the  reference.  This  figure  shows  the  1/f  corner 
frequency  at  100  Hz  and  the  wideband  noise  to  be  below 
120  nV/VHz.  Figure  13  shows  the  reference  noise  voltage  spec- 
tral density.  This  figure  shows  the  leCeroice  wMebind  noise  to 
be  below  125  nV/VHz. 
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Rgure  12,  BAC,  Output  Noise  Voltage  Speetral  Density 
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Figure  13.  Reference  Noise  Voltage  Spectral  Density 
BOARD  LAYOUT 

Designing  with  high  resolution  data  converters  requires  careful 
attention  to  board  layout.  Trace  impedance  is  the  first  issue.  A 
306  (lA  current  through  a  0.5  fl  trace  will  develop  a  voltage 
drop  of  153  |jlV,  which  is  1  LSB  at  the  16-bit  level  for  a  10  V 
full-scale  span.  In  addition  to  ground  drops,  inductive  and  ca- 
pacitive  coupling  need  to  be  considered,  espeeialfy  when  high 
accuracy  analog  signals  share  the  same  board  with  digital  sig- 
nals. Finally,  power  supplies  need  to  be  decoupled  in  order  to 
filter  out  ac  noise. 

Analog  and  digital  signals  should  not  share  a  common  path. 
Each  signal  should  have  an  appropriate  analog  or  digital  renim 
touted  close  to  it.  Using  this  approach,  signal  loops  enclose  a 
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small  area,  minimizing  the  inductive  coupling  of  noise.  Wide  PC 
tracks,  large  gauge  wire,  and  ground  planes  are  highly  recom- 
mended to  provide  low  impedance  signal  paths.  Separate  analog 
and  digital  ground  planes  should  also  be  utilized,  with  a  single 
interconnection  point  to  minimize  ground  loops.  Analog  signals 
should  be  routed  as  far  as  possible  from  digital  signals  and 
should  cross  them  at  right  angles. 

One  feature  that  the  AD669  incorporates  to  help  the  user  l^ut 
is  the  analog  pins  (Vcc,  Vggj  REF  OUT,  REF  IN,  SPAN/BIP 
OFFSET,  VouT  and  AGND)  ate  adjacent  to       mibae  analog 
signals  from  digital  signals. 

SUPPLY  DECOUPLING 

The  AD669  power  suppUes  should  be  well  filtered,  well  regu- 
lated, and  free  from  high  frequency  noise.  Switching  power  sup- 
plies are  not  recommended  due  to  their  tendency  to  generate 
spikes  which  can  induce  noise  in  the  tm^^HUta. 

Decoupling  capacitors  should  be  used  in  very  close  layout  prox- 
imity between  all  power  supply  pins  and  ground.  A  10  |iF  tan- 
talum capacitor  in  parallel  with  a  0.1  |xF  ceramic  capacitor 
provides  adequate  decoupling.  Vcc  and  Vqe  should  be  bypassed 
to  analog  ground,  while  Vu,  should  be  <imm$kA  to  ifigtal 
ground. 

An  effort  should  be  made  to  minimiM-  the  trace  length  between 
die  capacitor  leads  and  the  respective  converter  power  supply 
and  common  pins.  The  drcnit  layout  should  attempt  to  locate 
die  AD669,  associated  analog  drcuitiy  and  interconnectians 
as  &r  as  possible  from  logic  drcmtry.  A  solid  analog  ground 
plane  aratmd  tlie  AD669  will  isolate  large  switdiing  ground  cat- 
rents.  For  ttiese  teasrais,  the  use  of  wise        circuit  construc- 
tion is  not  recommended;  catefiil  pmsted  ejneaft  construction  is 
preferred. 

GROUNDING 

The  AD669  has  two  pins,  designated  analog  ground  (AGND) 
and  digital  ground  (DGND.)  The  analog  ground  pin  is  the 
"high  quality"  ground  reference  point  for  the  device.  Any  exter- 
nal loads  on  the  output  of  the  AD669  should  be  returned  to  ana- 
log ground.  If  an  external  reference  is  used,  this  Should  also  be 
returned  to  the  analog  ground. 

If  a  an^  AI>S69  is  tised  with  separate  analog  and  digital 
ground  {danes,  connect  the  analog  ground  plane  to  AGND  and 
the  digital  ground  plane  to  DGND  keeping  lead  lengths  as  short 
as  possible.  Then  connect  AGND  and  DGND  together  at  the 
AD669.  If  multiple  AD669s  are  used  or  the  AD669  shares  ana- 
log supplies  with  other  components,  connect  the  analog  and  dig- 
ital returns  together  once  at  the  power  supphes  rather  than  at 
each  chip.  This  single  interconnection  of  groimds  prevents  large 
ground  loops  and  consequently  prevents  digital  cumnts  fam 
flowing  through  the  analog  ground. 
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FEATURES 

Zaro-Chip  Interface  to  Digital  i 
Complete  DACPORT'* 

On-Chip  Voltage  Reference 

Voltage  and  Current  Outputs 
Serial,  Twos-Complement  Input         >'  i 
±3  V  Output  ' 
Sample  Rates  to  390  kSPS 
94  dB  Minimum  Signal-to-Noise  Ratio 
-81  dB  Maximum  Total  Harmonic  Distortion 

15-  Bit  Monotonicity 

±5  V  to  ±12  V  Operation 

16-  Pin  Plastic  and  Ceramic  Paclcages 
Available  in  Commercial,  Industrial,  and  Military 

Temperature  Ranges 

APPUCATIONS 

Digital  Signal  Processing 

Noisa  Cancellation 

Radar  Jamming 

Automatic  Test  Equipment  ' 

Precision  Industrial  Equipment 

Waveform  Generation  > 

t-  I  r- 

PRODUCT  DESCRttTION 

The  AD766  16-bit  DSP  DACPORT  provides  a  direct,  tliree- 

wire  interface  to  the  serial  ports  of  popular  DSP  processors,  in- 
cluding the  ADSP-2101,  TMS320CXX,  and  DSP56001.  No 
additional  "glue  logic"  is  required.  The  AD766  is  also  complete, 
offering  on-chip  serial-to-parallel  input  format  conversion,  a 
16-bit  current-steering  DAC,  voltage  reference,  and  a  voltage 
output  op  amp.  The  AD766  is  fabricated  in  Analog  Devices' 
BiMOS  II  mixed-signal  process  which  provides  bipolar  transis- 
tors, MOS  transistors,  and  thin-film  resistors  for  predsioii  ana- 
log circuits  in  addition  to  CMOS  devices  for  logic. 

The  design  and  layout  of  the  AD766  have  been  optimized  for  ac 
performance  and  are  responsible  for  its  guaranteed  and  tested 
94  dB  signal-to-noise  ratio  to  20  kHz  and  79  dB  SNR  to 
250  kHz.  Laser-trimming  the  AD766's  siUcon  chromiimi  thin- 
film  resistors  reduces  total  harmonic  distortion  below  -81  dB 
(at  1  kHz),  a  specification  also  production  tested.  An  optional 
Unearity  trim  pin  allows  elimination  of  midscale  differential 
linearity  error  for  even  lower  THD  with  small  signals. 

The  AB766's  otnput  amplifier  provides  a  ±3  V  signal  with  a 
high  slew  rate,  small  ^ch,  and  fast  settling.  79>e  oiitp^:ampli- 
fler  is  ^ort  circuit  protected  and  can  withstand  inddMK-^orts 
to  ground. 
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FUNCTIONAL  BLOCK  DIAGRAM 


-<11 

• 

D6ND  'Pz" 

Vl  it 

NO 

CLK  [T 

LE  [T 

DATA  [T] 

-Vl  EE 

]ll  Vs 

"iFI  TRIM 

—  "iTj  MSBADJ 

"l3l  'out 

IF)  AGND 


NC  =  NO  CONNECT  ^ 

-  /iu  jP/' 


The  serial  interface  consists  of  bit  clock,  data,  and  latch  enable 

inputs.  The  twos-complement  data  word  is  clocked  MSB  first  cm 
falling  clock  edges  into  the  serial-to-parallel  converter,  consistent 
with  the  serial  protocols  of  popular  DSP  processors.  The  input 
clock  can  support  data  transfers  up  to  12.5  MHz.  The  falUng 
edge  of  latch  enable  updates  the  internal  DAC  input  register  at 
the  sample  rate  with  the  sixteen  bits  most  recently  clocked  into 
the  serial  input  register. 

The  AD766  operates  over  a  ±5  V  to  ±12  V  power  supply 
range.  The  digital  supplies,  -t-Vt,  and  — Vl,  can  be  separated 
'  itom  the  amiog  si^ial  sui^lies,  +     and  -  V^,  for  reduced 
digital  crosstalk.  Separate  analog  and  digital  grotmd  pins  are  also 
provided-  An  internal  bandgap  reference  provides  a  precision 
,  voltage  source  to  the  output  amp  that  is  stable  oyer  te^)^ture 
'  and  time.  i.,. 

Power  dissipation  is  typically  120  mW  With  ±S  V  suppUes  and 
300  mW  with  ±12  V.  The  AD766  is  available  in  commercial 
(0°C  to  70°C),  industrial  (-40°C  to  85°C),  aadvPihtary  (-55°C 
to  12S°C)  grades.  Commercial  and  industrial  grade  parts  are 
available  in  a  16-pin  plastic  DIP;  mihtary  parts  processed  po 
MIL-STD-883B  are  packaged  in  a  16-pin  ceraniic  DIP.  See 
Analog  Devices'  Military  Products  Databook  or  current  militiiy 
data  sheet  for  specifications  for  the  military  version. 
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SERIAL  PORT  TIMING 

Serial  Clock  Period  (Iclk)  t 

95 

115 

ns 

Serial  Qodc  HI  (1^) 

30 

30 

ns 

Serial  dlock  LO  (tto)  - 

30 

70 

■' 

ns 

Data  Valid  (toATA): " 

40 

40 

ns 

Data  Setup  (tg) 

15 

20 

ns 

uaca  rioia  [in) 

25 

20 

ns 

Clock-to- Latch-Enable  (tcxLg) 

■go  ' 

100 

ns        .  , 

L^tcn-cnaDic-to-i_>iocK  \t|_^£'j-(;;j 

15 

15 

ns 

40 

40 

ns 

40 

80 

ns 

ACCURACY' 

Gain  Error 

±2.0 

±2.0 

%  of  FSR 

Gain  Drift                  ;    \  ^^.^  iS  '^  * 

ppra  of  FSR/°C 

Midscale  Output  Voltage        —  — 

\  "All 

±3X3 

±30 

mV 

Bipolar  Zero  Drift 

±4 

±4 

ppm  of  FStUX, 

■t-fi  nni 

—  u.UUX 

79  oi  r  o  ts. 

Monotoniciiv    "            ,  . 

1  <; 

If 

ffits-.  i^j-.- 

TOTAL  H^u^nV^OTiiiiMI 

Four  =  IC^  W 

OdB 

-88 

-81 

-88 

.  -81 

dB       ,  : 

-20  dB 

-75 

-65 

-65 

dB 

— 6Q  dB 

—5/ 



~LI 

dB 

n  An 
U  (US 

—77 

—72 

—77 

—72 

dB 

-20  dB 

-69 

-66 

-69 

dB'    '  *-*   "'■  ■ 

-60  dB 

-25 

-21 

■■  dBi'  •  ^ 

CT(^VTAT  -TO-MOTSF  RATTO' 

94 

102 

94 

102 

dB 

KrlZ  10  ijU  KJrtZ  ^x^out  "*'  KllZ^ 

79 

83 

79 

S3 

dB 

SETTLING  TIME  (io  ±0.0015%  of  FSR) 

Voltage  Output'  - 

6  V  Step               ,  op:   ....         ,  . 

1.5 

1.5 

\L& 

1  LSB  Step 

1.0 

i.u 

\is 

Slew  Rate 

9 

9 

V/(is 

Current  Output' 

''  ' 

1  mA  Step.  lU  4.1  to  I'UU  liXiQad 

;  >3p0 

350 

ns 

1  kn  Load        1  1 

350 

:  ^50 

ns 

OUTPUT                                     .    ,,  , 

Voltage  Output  Copf^guiatioii*.    _  _ 

Bipolar  Range                ^  ^ 

±2.88 

±3.0 

±3.12 

±2.88 

±3.0 

±3.12 

V 

Output  Current  '           -*'        ■■  J-  ! 

±8.0 

±8;o 

mA 

Output  Impedance 

0.1 

0.1 

n 

Short  Circuit  Dutat^on        .    -  -, 

Indefinite  to  Common 

Indefinite  to  Common 

Current  Output  Con^guratibn  ^ 

Bipolar  Range 

■;.  -it' 

±0.7 

±1.0 

±1.3 

±1.0 

±1.3 

mA 

wutpui  impecian@e^s3U7Q;jf 

1.7 

1.7 

kn 

r  -  -  - 

Vologe: +Vl  and +Vs 

4.75 

13.2 

4.75 

13.2 

V 

■  -'    -VLand  -Vs 

-13.2 

•  ■  •  -4.75 

-4.75 

V-    ^  - 

,CBiKnt  Case  I':  Vj  and      =  +5  V 

+1 

12.0 

15.0 

12.0 

15.0 

mA 

-Vs  and  -Vl  =  -5  V 

-I 

-12.0 

-1S.0 

-12.0 

-15.0 

mA 

Case  2:  VsandVL=  +12  V 

+1 

10.5 

10.5 

mA 

-Vsand-Vi,=  -12  V 

-I 

-14 

..-14  , 

mA  ^ .  , 

Case  3*:  Vs  and  Vl  =  +5  V 

+1 

12 

12 

mA 

— Vs  and  -  Vl  =  - 12  V 

—I 

-14 

-14 

mA 

Power  Dissipation:  Vs  and  Vl  =  ±5  V 

120 

ISO 

120 

ISO 

mW 

Vsimd  Vl  -  ±12  V 

300 

300 

mW 

Vsand  Vl  =  +5  V, 

-Vsand-VL=  -12  V* 

225 

225 

mW 
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Fanunetet 

Min 

AD7(6J 

AD7<6A 

Mm          Tm..  Mu^ 

UnaM. 

imPERATURE  RANGE  - 

Specified, 

Storage      ,    -               ,      ,            ,  ^ 

0 

.  -  ■  -ft 

+70 
+  100 

-40 

-60 

•■•  -.+85 
+  100 

°G 
°C 

NOTES        ■      '      '  -■"  '  ■  ■  -'^        '  ■  ■ 

*For  A  gtfufe  only,  voltiigl:  ouQttits  oite  giurattte^'  duly #  *Vs'^  7- V  ifid-  ^V^  s  -7  V. 

^Specified  using  external  op  amp,  see  Figure  3  for  more  tteails. 

^Tested  at  full-scale  input. 

■•For  A  grade  only,  power  supplies  must  be  symmetric,  i.e..  \\  ^  l~Vsj  and  +Vl  =  I~Vl].  Each  supply  must  independently  meet  this  equality  within  ±5%. 
All  min  and  max  specifications  are  guaranteed.  Specifications  in  boldface  are  tested  on  all  production  units  at  final  electrical  test.  Results  from  those  tests  are 
used  to  calculate  outgoing  qLialit\' ie\-el's.  ,  ,.■   *,  :      ii.;  . 

Specifications  subject  to  change  without  notice. 


ABSOLUTE  MAXIMUM  RATINGS* 

Vl  to  DGND  0  to  13.2  V 

Vs  to  AGND^  ....   0  to  13.2  V 

-Vl  to  DGND  .  ...  .  J  .  .  ...  .  .  ;  ...  -13.2  V  to  0  V 

-Vs  to  ACND'  ,  .  ,  .  ....  .  ;  -.  .  .  .       .  -13.2  V  to  0  V 

Digital  Inputs  to  DGND  -0.3  V  to  V^ 

AGND  to  DGND  ±0.3  V 

Sbm  Cinmit  &me6aim  xi  iiMj  u^—M^SSmt  Shm  m  Giound' 
Soldering   +a»(rCj  lO  jees 

*Stresses  greater  than  those  listed  under  "Absolute  Maximum  Ratings"  may 
cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and 
functional  operation  of  the  device  at  these  or  any  other  conditions  above  those 
indicated  in  the  operational  section  of  this  specification  is  not  implied.  Expo- 
sure to  absolute  maximum  rating  conditions  for  extended  periods  may  affect 
device  reliabilit>'. 


ORDERING  GUIDE 


Temperature 

Package 

Model 

Range 

Option* 

AD766JN 

0°C  to  +70°C 

N-16 

AD766AN 

-40°C  to  +85°C 

N-16 

AD766SD/883B 

-55°Cto  +125°C 

D-16 

*N  =  Plastic  DIP;  D  =  Ceramic  IHP.  FttrMttll^  aafinmatioa 
see  Package  Infoimao^^fction..  „  .  -jy^^  JlAH    ^ '  '! 

'         .-I.  '•'-<  -  -     f::.r.  i.  -nH  ■prtt9fti.l  .^tj.'  -; 

I  :  f    .  ...  K  :.. ..  . .  M"-.-'.  ■■■:  .(■.    -■■ '  3 
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PIN  DESIGNATIONS  , 


Pin 

Function 

Description 

1 

-Vs 

Analog  Negative  Power  Siq>pl]r 

2 

DGND 

Digital  Ground 

3 

Vr. 

Logie>Pontiye  Power  ;^BP^ 

4 

NC 

No  Connection 

5 

CLK 

Clock  Input 

6 

LE 

Latch  Enable  Input 

7 

DATA 

Serial  Data  Input 

8 

-Vl 

Logic  Negative  Power  Supply 

9 

Vqut 

Voltage  Output 

10 

Rf 

Feedback  Resistor 

11 

SJ 

Summing  Junction 

12 

AGND 

Analog  Ground 

13 

^OUT 

Current  Output 

14 

MSB  ADJ 

MSB  Adjustment  Terminal 

15 

TRIM 

MSB  Trimming  Potentiometer  Tmninal 

16 

Vs 

Analog  Positive  Power  Supply 

CONNECTION  DIA^IAM 


-Vs  DI 

DGND 

NC  [T 

  I   J  16-BIT 

CLK  |_5_  -|  r 

DATA  ^  " 


NC  =  NO  CONNECT 


ESD  SENSITIVITY 

The  AD766  features  input  protection  circuitry  consisting  of  large  "distributed"  diodes  and 
polysilicon  series  resistors  to  dissipate  both  high  energy  discharges  (Human  Body  Model)  and 
fast,  low  energy  pulses  (Charged  Device  Model).  Per  Method  3015.2  of  MIL-STD-883C,  the 
AD766  has  been  classified,as;a  Category  1  Device. 

Proper  ESD  precautions  are  strongly  recommended  to  avoid  functional  damage  or  performance 
degmdatitm.  Charges  as  lii^^i^-4M>0'-v<9t|,  muSi^^ticcuinulate  on  die  human  body  and  test 
equipment,  and  discharge  wifliou't  ctetectidn^  Dfiu^  devices  muS  iii  conductive  foam 

or  shunts,  and  the  foam  discharged  to  the  destination  socket  before  devices  are  removed.  For 
further  information  on  ESD  precaution,  refer  to  AMlog  Devices'  ESD  Prevention  Manual. 
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DIGITAL-TO-ANALOG  CONVERTERS  2-153 


1ID766— Definition  of  Specifications 

TOTAL  HARMONIC  DISTORTION 

Total  Harmonic  Distortion  (THD)  is  defined  as  the  ratio  of  the 
square  root  of  the  sum  of  the  squares  of  the  valifes  of  the' har- 
monics to  the  value  of  the  fundamental  input  frequency.  It  is 
expressed  in  jiercent  (%)  or  decibels  (dB). 

THD-is  a  measure  of  the  magninde  and  distribution  of  integral 
linearity  error  and  differential  linearity  error.  The  distribution  of 
these  errors  may  be  different,  depending  on  the  amplitude  of 
the  output  signal.  Therefore,  to  be  most  usefiil,  THD  should  be 

speciHed  for  both  large  wdsm^,,^^^:ap4B|ffli4^, 

filuiit*       SETTLING  TIME 

Settling  Time  is  the  time  required  for  the  output  to  reach  and 
remain  within  a  specified  error  band  about  its  final  value,  meas- 
ured from  the  digital  input  ^QansitiaDr  Itji^tbe  primary  m^ssae 
of  dynamic  performance. 

BIPOLAR  ZERO  ERROR 

Bipolar  Zero  Error  or  midscale  error  is  the  deviation  of  the  ac- 
tual analog  output  from  the  ideal  output  (0  V)  wlfen  the  2s  com- 
plement input  code  representing  half  scale  (all-  Qs),  is  loaded  in 
the  input  register. 

DIFFERENTIAL  LINEARITY  ERROR 

Differential  Linearity  Error  is  the  measure  of  the  variation  in 
analog  value,  normalized  to  full  scale,  associated  with  a  1  LSB 
change  in  the  digital  input.  Monotonic  behavior  requires  that 
the  differential  linearity  error  not  exceed  1  LSB  in  the  negative 
direction. 

MONOTONICITY 

A  D/A  converter  is  monotonic  if  the  output  either  increases  or 
remains  constant  as  the  digital  input  increases. 

SIGNAL-TO-NOISE  RATIO 

SNR  is  defined  as  the  ratio  of  the  fiudamental  to  the  square 
root  of  the  sum  of  the  squares  for  the  values  of  all  the  nonfim- 
damental,  nonharmonic  signals  for  a  specified  bandwidth.  SNR 
is  tested  at  full-scale  input.  The  AD766  specifies  SNR  for 
20  kHz  and  250  kHz  bandwidths. 


FUNCTIONAL  DESCRIPTION 

Serial  input  data  is  clocked  into  the  AD766's  shift  register  by 
the  falling  edge  of  CLK.  Data  is  presumed  to  be  in  twos- 
complement  format  with  MSB  (i.e.,  the  sign  bit)  clocked  in 
first.  The  shift  register  convens  the  most  recently  clocked-in  16 
bits  to  a  parallel  word.  The  falling  edge  of  the  latch  enable  (LE) 
signal  causes  the  most  recent  parallel  word  to  be  transferred  to 
the  internal  DAC  input  latch.  See  Figiue  2  for  detailed  serial 
port  timing  requirements.  »  tt'o*  <: 

The  contents  of  the  DAG^ptt  lM^  ;gBp^|fe  16-bit  D^jC  to  . 
generate  s)  corresponding  Euneiic.  'I%is.!^l  nA  <^rreat  is.^vayr 
able  directly  on  the  Iqut  pin- 

To  use  the  internal  op  amp,  connect  Iqut  (P'n  13)  directly  to 
the  sununing  junction  pin,  SJ  (Pin  11)  and  connect  the  feedback 
resistor  pin,  Rp  (Pin  10)  to  Vqut  (Pin  9).  Note  that  the  internal 
op  amp  is  in  the  inverting  configuration.  Using  the  internal 
3  kfi  feedback  resistor,  this  op  amp  will  produce  ±3  V  outputs. 

One  advantage  of  external  pins  at  each  end  of  the  feedback  re- 
sistor is  that  it  allows  the  user  to  implement  a  single  pole  active 
low-pass  filter  simply  by  adding  a  capacitor  across  these  pins 
(Pins  10  and  13).  The  circuit  can  best  be  understood  redrawn  as 
^IMra  in  Figitte  1.    4- 


Figure  tl' ^tm^DSs  Filter  Using  External  Capacitor 

The  frequency  response  front  (his  f3ter  will  be 

VpuTis)  _        -Rf  , 
,,    „;  .  hvT       Rf-C  -s  +  1 
yfyace  Rp  is  3  kO  (±20%). 


—  tHI  - 


LATCH  ENABLE  (LE) 


1— '  DATA 

Is  ■  I  .  'h 


L,  1 

 iiii 


- 'CTLE  ■ 

*  'lehi  -» 


(lelo 


INTERNAL  DAC  INPUT  REGISTER  i 
UPDATED  VnTH  16  MOST  RECENT  BITS 


NEXT 
WORD 


BITS  CLOCKED 
TO  SHIFT  REGISTER 


23  n.. 


For  applications  requiring  broader  bandwidths  and/or  even 
ldi(Kr  noise  tban  that  afforded  by  the  AD766's  internal  op  amp, 
an  external  op  amp  can  easily  by  used  in  its  place.  Iqut  (Pin  '3) 
drives  the  negative  (inverting)  input  terminal  of  the  external  op 
amp,  and  its  external  voltage  output  is  connected  to  the  feed- 
back resistor  pin,  Rp  (Pin  10).  To  insure  that  the  AD766's  un- 
used internal  op  amp  remains  in  a  closed-loop  configuration, 
VouT  (Pin  9)  should  be  tied  to  the  simmiing  jimction  pin,  SJ 
(Pin  11). 

As  an  example.  Figure  3  shows  the  AD766  using  the  AD744  op 
amp  as  an  external  current-to-voliage  converter.  In  this  inverting 
configuration,  the  AD744  will  provide  the  same  =3  V  output  as 
the  internal  op  amp  would  have.  Other  recommended  amplifiers 
include  the  AD845  and  AD846.  Note  that  a  single  pole  of  low- 
pass  filtering  could  also  be  attained  with  this  circuit  simply  by 
adding  a  capacitor  in  ByetH^ttPfe^n^gS^lwrlti  ^g^g^r,^  j^^st 
shown  in  Figure  1. 


AD766 


Figure  3.  External  Op  Amp  Connections 

Residual  DAC  differential  linearity  error  around  midscale  can  be 
externally  trimmed  out,  improving  THD  beyond  the  AD766's 
guaranteed  tested  specifications.  This  error  is  most  significant 
with  low-amplitude  signals  because  the  ratio  of  the  midscale  lin- 
earity error  to  the  signal  amplitude  is  greatest  in  this  case, 
thereby  increasing  THD.  The  MSB  adjust  circuitry  shown  in 
Figure  4  can  be  used  for  improving  THD  with  low-level  signals. 
Otherwise,  the  AD766  will  operate  to  its  specifications  with  -.' 
MSB  ADJ  (Pin  14)  and  TRIM  (Pin  15)  unconnected. 

.  _  I 

® 47Skll  '     lOOkit        2IiakU  J.-^ 

Figure  4.  Optional  MSB  Adjustment  Circuit    r  ,  i  ^ 

ANALOG  CIRCUIT  CONSIDERATIO>K 
GROUNDING  RECOMMENDATIONS 

The  AD766  has  two  ground  pins,  "designated  AGND  (analog 
pound)  and  DGND  (digital  gtt^l^.'TheimiUigTlfe^tlfl^ 
the  "hiili-quahty"  ground  refeieuf  puiut  fefille  deviee.  ^WM' 
analog  groimd  pin  should  Ifc  '^"'pCTyj,gT|jhr  aqatog  common 
point  in  the  sysma.  The^atput  lo^^iould  alsd  te«nneeted 
to  that  smne  point.  '  — — — —  -  I 


Analog  Circuit  Considerations— AD7^ 


The  digital  ground  pin  returns  ground  current  from  the  digital 
logic  portions  of  the  AD766  circuitry.  This  pin  should  be  con- 
nected to  the  digital  common  point  in  the  system. 

As  illustrated  in  Figure  3 ,  the  analog  and  digital  grounds  should 
be  coimected  together  at  one  point  in  the  system. 

i  -  >.\./4  :!,  _;■!',  iL..;  ,11.  !i  insaiix  Uaq  wi  HqOUt  gCi 


Figure  5.  Recommended  Clf&ilt  Schematic 


POWER  SUPPLIES  AND  DECOUPLING 

The  AD766  has  four  power  supply  input  pins.  ±Vs  provide  the 
supply  voltages  to  operate  the  linear  portions  of  the  DAC  in- 
cluding the  voltage  reference,  output  amplifier  and  control  am- 
plifier. The  ±Vs  supplies  are  designed ito  operate  firom  ±5  V  to 
±12  V.   ^ 

The  ±  Vl  supplies  operate  the  digital  portions  of  the  chip,  in- 
cluding the  input  shift  register  and  the  input  latching  circuitry. 
The         supplies  are  also  designed  to  operate  from  ±5  V  to 
±12  V.  To  assure  freedom  from  latch-up,         should  never  go 
more  negative  than  -\'s- 

Special  restrictions  on  power  supplies  apply  to  extended- 
temperature  range  versions  of  the  AD766  that  do  not  apply  to 
the  commercial  AD766J.  First,  supplies  must  be  symmetric. 
That  is,  +Vs  =  l-Vgj  and  +V,  =   -\VI-  Each  supply  must 
independently  meet  this  equality  within  =5%.  Since  we  require 
that  -Vj  r£  -V'l  to  guarantee  latch-up  immunity,  this  symme- 
try principle  implies  that  the  positive  analog  supply  must  be 
greater  than  or  equal  to  the  positive  digital  supply,  i.e.,  Vg  s 
Vl  for  extended-temperature  range  parts.  In  other  words,  the 
digital  supply  range  must  be  inside  the  analog  supply  range. 
Second,  the  internal  op  amp's  performance  in  generating  voltage 
outputs  is  only  guaranteed  if  -FVj  a  7  V  (and  -Vj  s  -7  V,  by 
the  symmetry  principle).  These  constraints  do  not  apply  to  the 
AD766J. 

Decoupling  capacitors  should  be  used  on  all  power  supply  pins. 
Furthermore,  good  engineering  practice  suggests  that  these  ca- 
pacitors be  placed  as  close  as  possible  to  the  package  pins  as 
well  as  the  common  points.  The  logic  supplies,  ±Vl,  should  be 
decoupled  to  digital  conunon;  and  the  analog  supplies,  ±Vs, 
should  be  decoupled  to  analog  conunon. 

The  use  of  four  separate  power  supplies  will  reduce  feed  through 
from  the  digital  portion  of  the  system  to      linear  portiaas  el 
the  system,  thus  contributing  to  the  performance  as  tested. 
However,  four  separate  voltage  supphes  are  not  necessary  for 
good  circuit  performance.  For  example.  Figure  6  illustrates  a 


mm.fA 


are  available.  In  this  case,  the  positive  logic  and  positive  analog 
supplies  may  both  be  connected  to  the  single  positive  supply. 
The  negative  logic  and  negative  analog  supplies  may  both  be 
connected  to  the  single  negative  supply.  Performance  would 
benefit  from  a  measure  of  isolation  between  the  supplies  intro- 
duced by  using  simple  low-pass  filters  in  the  individual  power 
supply  leads. 
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Figure  6.  Alternate  Recommended  Schematic 
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Figure  7.  Power  Dissipation  vs.  Clock  Frequency 

As  with  most  linear  circuits,  changes  in  the  power  supplies  will 
affect  the  output  of  the  DAC.  Analog  Devices  recommends  that 
well  regulated  power  supplies  with  less  than  1%  ripple  be  incor- 
porated into  the  design  of  any  system  using  these  devices: 

MEASUREMENT  OF  TOTAL  HARMONIC  DISTORTION 
The  THD  specification  of  a  DSP  DAC  represents  the  amount  of 
imdesiiable  signal  produced  during  reconstruction  of  a  digital 


signal  processmg  appucauuut,,  lil^  x><>\^:m»^  i^^»^  —  .  .  .  .  — ^ 
frequencies  and  at  three  signal  levels  over  the  full  operating  tem- 
perature ranges. 

A  block  diagram  of  the  test' s^p  is  shown  in  Figure  8.  In  this  - 
test  setup,  a  digital  data  streaM,  representing  a  0  dB,  -2&dB  or 
-60  dB  sine  wave  is  sent  to  the  device  under  test.  The  frequefi'^ 
cies  used  are  1037  Hz  and  49.07  kHz.  Input  data  is  latched  incfr' 
the  AD766  at  SCO  kSPS.  The  AD766  und^'ttsTfroducesanM 
analog  output  signal  using  the  on-boaid  op  aeAfi  tetc  I  kind  ■ 
an  external  op  amp  for  50  kHz. 

The  automatic  test  equipment  digitizes  the  output  test  wave- 
form, ahd  then  an  FFT  to  250  kHz  is  performed  on  ^e  iesulls 
of  ~^e  test.  Based  on  the  first  9  harmonics  Of  the  funikniehtal 
1037  Hz  and  the  first  3  harmonics  of  the  49.07.  kHz  OutJJBt-  "" 
waves,  die  total  harmonic  distonwh  of  the  device  is-cde^ted: 
Neither  a  deglitcha  abr^  MSWWiii^UmAltSlU§XhiS'tB3^>- 
test.  '  ^ 

The  circuit  design,  layout  and  manufacturing  techniques  em- 
ployed in  the  production  of  the  AD766  result  in  excellent  THD 
performance.  Figure  9  shows  the  typical  unadjusted  THD  per- 
formance of  the  AD766  for  various  amplitudes  of  1  kHz  and 
50  kHz  sine  waves.  As  can  be  seen,  the  AD766  offers  excellent 
performance  even  at  amplitudes  as  low  as  -60  dB.  Figure  10 
illustrates  the  typical  THD  versus  frequency  performance  from 
the  internal  amplifier  for  a  filtered  AD766  output.  At  frequen- 
cies greater  than  approximately  30  kHz,  depending  on  the  low- 
pass  filter  used,  an  improvement  in  TKD  of  3-4  dB  tiver  the 
perfomaance  shown  in  the  figui^Jgga  E^achieved.  Figure  11  il- 
lustrates the  consistent  THD  perftnmance  of  the  AD766  over 
temperature. 
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Figure  8.  Distortion  Test  Circuit 
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Figure  10.  Typical  THD  vs.  Frequency 
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Figure  11.  THD  vs.  Temperature 

INTERFACING  THE  AD766  TO  DIGITAL  SIGNAL 
ntOCESSORS 

The  AD766  is  specifically  designed  to  easily  interfiace  to  several 
popular  digital  signal  processors  (DSP)  without  any  additional 
logic.  SxKh  an  interface  reduces  die  possibility  of  interftce  prob- 
lems and  improves  system  idiabiliqr  by  minimizing  component 

count. 

AD766  TO  ADSP-2101 

The  ADSP-2101  incorporates  two  complete  serial  ports  which 
can  be  directly  interfaced  to  the  AD766  as  shown  in  Figiu'e  12. 
The  SCLK,  TFS  and  DT  outputs  of  the  ADSP-2101  are  con- 
nected directly  to  the  CLK,  LE  and  DATA  inputs  of  the 
AD766,  respectively.  SCLK  is  internally  generated  and  can  be 
programmed  to  operate  from  94  Hz  to  6.25  MHz.  Data  (DT)  is 
valid  on  the  falling  edge  of  SCLK.  After  16  bits  have  been 
transmitted,  the  falling  edge  of  TFS  updates  the  AD766's  data 
latch.  Using  both  serial  ports  of  the  ADSP-2101,  two  AD766's 
can  be  direcdy  interfaced  with  no  additional  hardware. 

AD766  TO  TMS320C25 

Hgure  13  shows  the  zero-chip  interface  to  the  TMS320C2S.  The 
iater&ce  to  other  TMS320C2X  processors  is  similar.  Note  that 
the  C25  should  be  run  in  continuous  mode.  The  C25's  firame 
synch  signal  (FSX)  will  be  asserted  at  the  beginning  of  each  16- 
bit  word  but  will  actually  latch  in  &e  previous  word. 
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Figure  12.  AD766  to  ADSP'i1010it)$P-21O2/ 
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Figure  13.  AD766  to  TMSm^ 


The  CLKS,  FSX  and  DX  outputs  of  the  TMS320C25  are  con- 
nected to  the  CLK,  LE  and  DATA  inputs  of  the  AD766,  re- 
spectively. Data  (DX)  is  valid  on  the  falling  edge  of  CLKX. 
The  maximum  seri^  clodt  rate  of  the  TMS3MC3S  is  S  MHz. 

AD766  TO  DSP56000/S6001 

Figure  14  shows  the  zero-chip  interface  to  the  DSPS6000/ 
S6001.  The  SSI  of  the  S6000/S6001  allows  serial  clock  rates  up 
to  fosc/4.  SCK,  SC2  and  STD  can  be  directly  connected  to  the 
CLK,  LE  and  DATA  inputs  of  the  AD766.  The  CRA  control 
register  of  the  S6000  allows  SCK  to  be  internally  generated  and 
software  configurable  to  various  divisions  of  the  master  clock 
fimjuency.  The  daa  (STD)  is  valid  on  the  ftlling  edge  of  SCK. 
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Figure  14.  AD766to  DSP56000/DSPS6001 
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DEVICES 


t2-Bit  D/A  Converter 


'.1+  0  J  • 

FEATURES 

Complete  12-Bit  D/A  Function 

On-Cliip  Output  Amp|j0er  .     .._    __ 

High  Stability  Buried  Zenar  IMtoi^ce 

Fast  40ns  Write  Pulse  ! 

0.3"  Skinny  DIP  and  PLCC  PackagM  I 

Single  Chip  Construction 

Monotonicity  Guaranteed  Over  Temperature 

Settling  Time:  3|is  max  to  1/2LSB 

Guaranteed  for  Operation  with  ±  12V  or  ±  15V 
Supplies 

TTL/5V  CMOS  Compatible  Logic  Inputs 
MiL-STD-883  Compliant  Versions  Available 


PRODUCT  DESCKIFTION  | 
The  AD767  is  a  complete  voltage  ouqnit  12-bit  digital-to-analog 
omverta  inchiding  a  hjgji  stability  buried  Zener  reference  and 
input  latch  on  a  angle  diip.  The  conTerter  uses  12  predsion 
high-speed  .bipolar  current  steering  switches  and  a  laser-trifuned 
thin-film  resistor  network  to  provide  high  accuracy. 

Microprocessor  compatibility  is  achieved  by  the  on-chip  latch. 
The  design  ofthe  input  bm^dtews  direct  intei&ee:  to  12-faSt  < 
buses.  The  latch  responds  to  strobe  pulses  as  short  as  40As,  ' 

allowing  use  with  the  fastest  available  microprocessors. 

The  functional  completeness  and  high  performance  of  the  AD767 
result  from  a  combination  of  advanced  switch  design,  high-speed 
bipolar  manufacturing  process,  and  the  proven  laser  wafer- 
trimming  (LWl )  technology. 

The  subsurface  (buried)  Zener  diode  on  the  chip  provides  a 
low-noise  voltage  reference  which  has  long-term  stability  and 
temperature  drift  characteristics  comparable  to  the  best  discrete 
reference  diodes.  The  laser  trimming  process  which  provides  the 
excellent  linearity  is  also  used  to  trim  the  absolute  value  of  the 
reference  as  well  as  its  temperature  coefficient.  The  AD767  is 
thus  well  suited  for  wide  temperature  range  performance  with 
±  1/2LSB  mairimum  linearity  error  and  guaranteed  monotonicity 
over  the  fiill  temperature  range.  Typical  fiill-scale  gain  T.C.  is 
Sppni/°C.  I 


FUNCTIONAL  BLOCK  DIAGRAM 


PRODUCT  HIGHLIGHTS 

1.  The  AD767  is  a  cranplele  voltage  output  DAC  with  v^hiBe 
reference  and  digital  latdies  on  a  angle  IC  chip. 

^.  The  input  latch  responds  to  write  pulse  mdths  as  short  as 
40ns  assuring  direct  inter&ce  with  the  industry's  fastest 
microprocessors. 

3.  The  intenuil  buried  Zener  reference  is  laser-trimmed  to  10.00 
volts  with  a  ±1%  maximtun  error.  The  reference  voltage  is 
also  available  for  external  application. 

4.  The  gain  setting  and  bipolar  offset  resistors  are  matched  to 
the  internal  ladder  network  to  guarantee  a  low  gain  temperature 
coefGcient  and  are  laser  trimmed  for  Tninimnm  full-scale  and 
bipolar  offset  errors. 

5.  The  precision  high-speed  current  steering  switches  and 
on-board  high-speed  output  amplifier  settle  within  1/2L^  7 
for  a  lOV  full-scale  transition  in  3.0m.s  when  properly 
compensated. 

6.  The  AD767  is  available  in  versions  compliant  with  MIL-STD- 
883.  Refer  to  the  Analog  Devices  Military  Products  Databook 
or  current  AD767/883B  data  sheet  for  detailed  spediications. 
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OrGITAL-TO-ANALOG CONVERTERS  2-159 


DKjITALINPUTS  

Resoluiioii 

Logic  Levels  (TTL  Compatible,  -T„„)' 
V|H  (Logic  "1") 

12 

+2.e   +5.5 

12 

+  2.0  +5.5 

12 

+2.0           .  +5.5 

Bits 

V 

ViL(Logi?,"0")J,K,A,B 

V,L  (Logic  "O")  S        1     XIJM  J  .•  5 

Im(Vm  =  S.5V) 

Iil(V,l-0.8V) 

0  +0.8 
1 +0.7 
3  10 
1  5 

0  +0.8 

3  10 
1  S 

0  +0.8 

3  10 

1  S 

V 
V 
mA 
mA 

TRANSFER  CHARACTERISTICS 
ACCURACY 

Linearity  Error  (u  +25*^ 

Di£men&l  Linearity  Error  @ +2S°C 

TA  =  T„j„toT^, 
GainError^ 
Unipolar  Offset  Error** 
Bipdar  Zero  Error* 

±1/2  ±1 
±1/2  ±1 
±1/2  ±1 
Monotonicity  Guaranteed 
±0.1  ±0.2 
±1  ±2 
±0.05  ±0.1 

±1/8  ±1/2 
±1/4  ±1/2 
±1/4  ±1 
IMonotonicity  Guaranteed 
±0.1  ±0.2 
±1  ±2 
±0.05  ±0.1 

±1/2  ±1 
±1/2  ±1 
±1/2  ±1 
Monotonicity  Guaranteed 

±0.1  ±0.2 
±1  ±2 
±0.05  ±0.1 

LSB 
LSB 
LSB 
LSB 

%  of  FSR' 
LSB 

%  of  FSR 

DRIFT 

GainT^  =  25°C  to  Tn,in  or  T,b^ 

Unipolar  Offset  Ta  =  2SXtoTiid„orT„ 

Bipolar  Zero  Ta  =  25^  to T,„i„ or  T„ 

±5  s30 
±1  ±3 
±5  ±10 

±5  ±15 
±1  ±3 
±10 

±5  ±30 
±1  ±3 
±5  ±10 

ppmofFSR/°C 
ppmofFSR/X 
ppmofFSR/°C 

CONVERSION  SPEED 
fettling  Time  to  ±0.01%of  FSRfor 
FSR  change  (2kn||500pF  load) 

with  lOkn  Feedback 
'  n^th  Skn  Feedback 
For  LSB  Change 
Slew  Rate 

■  'i-.'U  :  :     ■  .■ 

3        ■  4 
2  3 
1 

10 

,1.  -'  t: .* 

3  4 

2           3  ' 
1 

10 

1 

10 

"     '    '0(  -.  f 

lis 
lis 

|U 

V/|U 

iOtALOGtiUTTUt, 

tM#^''  '■ 

Output  Current 

Output  Impedance  (dc) 

Short-Circuil Current       .  ,t-r  -.^'r, 

±2.5,  ±5,  ±10, 
+  5, +  10 

±5 

0.05 

40 

±2.5,  ±5,  ±10i 
+  5,  +10 

±5 

0.05 

40 

±2.5i±5,±10, 
+  5,  +10 

±5 

0.05 

40 

V 

mA 

n 

mA 

REFERENCE  OUTPUT 
External  Currenl 

9.90         10.00  10.10 
0.1  1.0 

9.90         10.00  10.10 

0.1       i'.o"'''  ^ 

9.90         10.00  10.10 

"  tt.r^"    1.0    '  "  ' 

V 

mA'-  ' 

POWER  SUPPLY  SENSITIVITY 
Vcc  =  +  11. 4  to  +  16.5V  dc 
Vee  '  -  11.4to  -  16.5V dc 

5  10 
5  10 

5  10 
5  10 

5  10 
5  10 

ppmof  FS/% 
ppmof  FS/% 

POWER  SUPPLY  REQU»B)(te«frS  ■ - 
Rated  Voltages      '      -'""^  '    ' ' ' ' 

Supply  Cunent 

+  11.4lo  +  16.SVdc 

-n.4to- 16.5V  <fc 
Total  Power  Consumption 

"     ±12,  ±15 

9  13 
18  23 
400  600 

± 12,  ± 15 
±U.4'''"'  -■• 

i.y-i     ''j  ■■! 

9  ;13 

;.,   4Mt    -            ,  . 

±12,  ±15 
■■  «*1J4  ■  ±16.5 

•-■'hi          9  -.-13 
,  -         18  23 

V 

■V  ■          -  1 

mA 

■■  mA 

TEMPERATURE  RANGE 
J/K 
A/B 

S 

Operating 
Storage  (All  Grades) 

0  +70 
-25  +85 
-55  +125 
-55  +125 
-65  +125 

0  +70 
-25  +85 

-  55                      + 125 

-  55                      + 125 
-65  +125 

-25  +85 
-65  +125 

°C 
°C 

•c 
•c 
■c 

NOTES 

'AD767  "S"  specifications  shown  for  information  only.  Consult  Analog  Devices  M  litary  Databook  or  contact  factory  for  a  controlled 
specification  sheet. 

^AD767A  Chips  specifications  are  tested  at  +2S°C  and,  when  in  boldface,  at  -<-85°C.  They  are  typical  at  -25°C. 

'The  digital  input  qiedficatkHU  are  100%  tested  at  +  2S'*C,  and  guaranteed  but  not  tested  over  the  full  temperature  range. 

^AdpisiaUe  to  zero. 

'FSR  mean  "FuU-Scak  Range**  and  is  20V  for  ±  lOV  range  and  lOV  fi»  die  .±SV  range. 

*A  mfarimiim  pener  «wply  of  ±  I2.SV  is  requncd  fiar  a  ±  JOV  fidl^icii^  mmi^  <^  M^Ui'^^  Hi  zefojeed  $Bf  tfl  ig^m  V<^l^|||jiDgeB. 
Specifintioitt  niMwt  io  duuoge  wiiiiout  notice. 

Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final 

electrical  test  (except  per  Notes  1  and  2).  Results  from  those  tests  are  used  to  r'.  .^y;*^^  ^  Ji'.'.tC  i.  ,t 

calculate  outgoing  quality  levels.  All  min  and  max  specificauons  are  guaranieedi 
although  only  those  shown  in  boldface  are  tested  on  all  production  units. 
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ABSOLUTE  MAXIMUM  RATINGS* 

Vcc  to  Power  Ground  OV  to  +  18V 

Vee  to  Power  Ground  OV  to  -  18V 

Digital  Inputs  (Pins  11,13-24) 

to  Power  Ground   -1.0Vto+7.0V 

Ref  In  to  Reference  Ground  ±  12V 

Bipolar  Offset  to  Reference  Ground  ±  12V 

lOV  Span  R  to  Reference  Ground  ±12V 

20V  Span  R  to  Reference  Ground  j  ±24V 

TIMING  SraCIFICATIONS  "  ' 

(AllModds,'TA=25''ei%^-*^Vor  +  15V, 
VEE=-12Vor-15V) 


Ref  Out,  VouT  (Pins  6,  9)  .  .  Indefinite  short  to  power  ground 

Momentary  Short  to  Vcc 
Power  Dissipation  lOOOmW 

*  Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  sectioi^  of  this  specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  device 
reliability. 


Symbol 

P;|f ameter 

iVlin 

Typ 

Max 

Wta  Valid  to  End  ofCS 

40 

m 

(-iJoCto+SS-C) 

60 

ns 

(-55°Cto+125°C) 

90 

ns 

toH 

Data  Hold  Time  ' '  " 

W 

ns^ 

(-zs'Ctoess*©-.!.-.---  '  •■ 

ro  ■ 

iiw  ■ 

■m 

(-55Xte*il2S8©-'j 

■m 

tcs 

CSPulsfeWidth  "  -  - 

40 

ns 

(-25°Cto+85°C) 

60 

ns 

(-55°Cto  +  125°0 

90 

ns 

tsETT 

Output  Voltage  Settling  Time* 

2 

4,„,  . 

IJLS' 

r-y 


*tsETT  is  measured  referenced  to  the  leading  edge  of  tcs-  If  tcs^^DS*  then 
tsETT  is  measured  referenced  to  the  beginning  of  Data  Valid. 


PIN  CONFIGURATI^  y , 


..  iiu.u  -A 
•tsl  Uf.Xl 


DIP 


»V  SPAN  [T 

10V  SPAN 

SUM  JCT,  [T 

BIP  OFF  [Tj 

AGNpfr 

REF  OUT  ^ 
REF  IN  ^ 

AD767 
TOP  VIEW 
(Not  to  Scale) 

*v„[7 

DOBIOriF 

ili'.'ijil'.. 


PLCC 


g     g     ^     m    m  S 


l7]  DB1 

lal  DBg(LSBi 


BIP  OFF  ^ 

AGND  ^ 

HEF  OUT  ^2. 

REF  IN  ^ 

,.^1  I: 


■MngeEiEiEnjir 

i  18 


Ordering  guide 


Model' 

Package 
Option^ 

Temperature 
Range  °C 

Linearity 
Error  Max 
T  ■  -T 

nun  max 

GainT.C. 
Max  ppm/°C 

AD767JN 

Plastic  DIP  (N-24) 

0  to  +  70 

±1LSB 

30 

,3"  >        .  .    .  AD767JP 

PLCC(P-28A) 

Oto  +70 

±1LSB 

30  

AD767KN 

Plastic  DIP  (N-24) 

Oto  +70 

±  1/2LSB 

15 

  AD767KP 

PLCC(P-28A) 

Oto  +70 

±  1/2LSB 

15 

AD767AD 

Ceramic  DIP  (D-24A) 

-25  to +85 

±1LSB 

30 

AD767BD 
-      -       -  AD767SD/ 

CeranueDIP(D-24A) 

-25  to +85 

±  1/2LSB 

.  15 

'  AD767A 

CetsliincDIP(D-24A) 

i-SSfo  +  liS; 

;  j 

Note  2 

'■Jjote2 

Chips 

|-25to+^  1 

1  f  t-wn"  1  J 
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NOTES 

,'P  =  Ceramic  DIP;  N  =  Plastic  DIPj  P. 

Package  Information  section. 
%r  details  on  gra^^^^^^l|^< 

.Analog  Devices  A^tary'mxiuets  E^l 


^^a^^m^  ^^MI&-$TD-883,  refer  to  the 
mt  iwSf/ttSB  data  sheet. 


*REV;'A 


AD767 — Analog  Circuit  Details 

THE  AD7C7  OFFERS  TRUE  12-BIT  PERFORMANCE 
O^R  THE  FULL  TEMPERATURE  RANGE 

UNEARITY  ERROR:  Analog  E>evices  defines  linearity  error 
as  the  maTimiim  deviation  of  the  actual,  adjusted  DAC  duqnit 
from  the  ideal  analog  output  (a  straight  line  drawn  {com  0  to 
F.S.  -  ILSB)  for  any  bit  combination.  This  is  also  referred  to 
as  relative  accuracy.  The  AD767  is  laser  trimmed  to  typically 
jpgnta^liq^9>i^  fl^^  d;l/^t^  l^iJie  R  and  B 

versions  and  ±  i/2LSB  &a  the  j,  A  and  S' versions.  Linearity 
over  temperature  is  also  held  to  ±  1/2LSB  (K/B)  or  ±  ILSB 

a/A/s). 

MONOTONICITY:  A  DAC  is  said  to  be  monotonic  if  the 
output  either  increases  or  remains  constant  for  increasing  digital 
inputs  such  that  the  output  will  always  be  a  nondecteasing 
function  of  input.  All  versions  of  the  AD767  are  monotonic  over 
their  full  operating  temperature  range. 

DIFFERENTIAL  NONLINEARITY:  Monotonic  behavior 
requites  that  the  differential  linearity  error  be  less  than  ILSB 
both  at  +  2S°C  as  well  as  over  the  temperature  range  of  interest. 
Differential  nonlinearity  is  the  measure  of  the  variation  in  analog 
value,  normalized  to  full  scale,  associated  with  a  ILSB  change 
in  digital  input  code.  For  example,  for  a  10  volt  full-scale  output, 
a  change  of  ILSB  in  digital  input  code  should  result  in  a  2.44mV 
change  in  the  analog  output  (ILSB  =  lOV  x  1/40%  =  2.44mV). 
If  in  actual  use,  however,  a  ILSB  change  in  the  input  code 
results  in  a  change  of  only  0.61mV  (1/4LSB)  in  analog  output, 
the  differential  nonlinearity  enor  would  be  —  I.83mV,  6^ 
-3/4LSB. 

GAIN  ERROR:  DAC  gain  error  is  a  measure  of  the  difference 
between  an  ideal  DAC  and  the  actual  device's  output  span.  All 
grades  of  the  AD767  have  a  maTimnm  gain  error  of  0.2%  FS. 
However,  if  this  is  not  sufficient,  te;«ratffi-dib  easily  be  acQusted 
to  zero  (see  Figures  2  and  3). 

UNIPOLAR  OFFSET  ERROR:  Unipolar  offset  error  is  a  com- 
bination of  the  offset  errors  of  the  voltage-mode  DAC  and  the 
output  amplifier  and  is  measured  when  the  AD767  is  configured 
far  unipolar  ouqnits.  It  is  present  tot  all  codes  a^  is.  meaauied 
widi  all       in  the  DACIatcbet.  Hiii  is  eni^  a^Waiile  to 
zero  wbea  lequiied. 

KTOLAR  ZERO  ERROR:  Bqwlar  zero  errors  result  from 
cnots  pradnoed  by  the  DAC  and  ouQnit  amplifier  when  the 
A0767  i*  canfignied  fat  bipolar  ouqnit.  Agidn,  as  with  nnipolar 
oibet  and  gain  etron,  llMi  k  .<SMBly  adjuKed  to  zero. 
tequivcd. 

ANALOG  CIRCUIT  CONNECTIONS 

Mtemal  scaling  resistors  provided  in  the  AD767  may  be  connected 
to  produce  bipolar  output  voltage  ranges  of  ±10,  ±  5  or  ±  2.5V 
OT  unipolar  output  voltage  ranges  of  0  to  +  5V  or  0  to  +  lOV. 


Giin'and  i3fsef  ^Hft  are  rriinimized  in  the  AD767  because  of  the 
thermal  tracking  of  the  scal^si^eastors  with  other  device  com- 
{xments.  Coimections  for  various  output  voltage  ranges  are 
shown  in  Table  L 


FROM  WEIGHTED 
RESISTOR  —t 
NETWORK 


Figure  1.  (htOHitAipi^^St^^tag.e  Range  Scaling  Circuit 

UNIPOLAR  CONFIGURATION  (Figure  2) 

This  configuration  will  provide  a  unipolar  0  to  + 10  volt  ouqnit 
range.  In  this  mode,  the  bipolar  offset  terminal,  Pin  4,  should 
be  grounded  if  not  used  for  trimming.  ; 

STEP  I .  .  .  ZERO  ADJUST  ' 
Turn  all  bits  OFH  and  ^jast  zero  trimmer  Rl,  until  the  output 
reads  0.000  vol&  (lLSB  =  2.44mV).  Inmost  cases  this  trim  is 
not  needed,  and  Pin  4  should  be  aatneeted  tajtin  S. 

STEP  II  .  .  .  GAIN  ADJUST 

Turn  all  bits  ON  and  adjust  lOOfl  gain  trimmer  R2  until  the 
output  is  9.9976  volts.  (Full  scale  is  adjusted  to  ILSB  less  than 
iKBninal  ftill  scale  of  10.000  voltsO.. 


Figure  2.  Oto  +  10V  Unipolar  Voltage  Output 


Output 

Digital 

Connect 

Connect 

Connect 

Connect 

Range 

Input  Codes 

Pin9to 

Pinlto 

Fin2to 

Pin4to 

±10V 

Offset  Binary 

1 

9 

NC 

6  (through  50fl  fixed  or  lOOfltrim  resistor) 

±5V 

Offset  Binary 

land2 

2  and  9 

land9 

6  (through  50fl  fixed  or  lOOOtrim  resistor) 

±2.5V 

Offset  Binary 

2 

3 

9 

6  (through  SOfl  fixed  or  lOOntrim  resiaor) 

Oto  4-lOV 

Straight  Binary 

land2 

2and9 

land9 

S  (or  optional  trim-  See  Figure  2) 

Oto+5V 

Straight.  Binary 

L.: 

2 

3 

9 

S  (or  optional  trim  -  See  Figure  2) 

Tablei  I.  Output  Voltage  Range  Connections 
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inis  CQPpgiirauon  wui  proviae  a  Dipolar  output  voiiage  irom 
—  5.000  to  +4.9976  volts,  with  positive  full  scale  occurring  with 
all  bits  ON  (aU  Is). 

STEP  I  .  .  .  OFFSET  A^^ST      .  , 
Turn  OFF  all  bits.  .Ai^iifif  Im  tc^itij^ 
volts  output. 

STEP  n  .  .  .  GAIN  ADJUST 

Turn  ON  all  bits.  Adjust  lOOfl  gain  trimmer  R2  to  give  a  reading 
of  +4.9976  volts. 

STEP  III  .  .  .  BIPOLAR  ZERO  ADJUST  (Optional) 

In  applications  where  an  accurate  zero  output  is  required,  set 

the  MSB  ON,  all  other  bits  OFF,  and  readjust  Rl  fof  zero  volts 

output. 


Figure  3.  ±5V  Bipolar  Voltage  Output 

INTERNAL/EXTERNAL  REFERENCE  USE 

The  AD767  has  an  internal  low-noise  buried  Zener  diode  reference 
which  is  trimmed  for  absolute  accuracy  and  temperature  coeffi- 
cient. This  reference  is  buffered  and  optimized  for  use  in  a 
high-speed  DAC  and  will  give  long-term  stability  equal  or  superior 
to  the  best  discrete  Zener  reference  diodes.  The  performance  of 
the  AD767  is  specified  with  the  internal  reference  driving  the 
DAC  since  all  trimming  and  testing  (especially  for  full-scale 
error  and  bipolar  offset)  is  done  in  this  configuration. 

The  internal  reference  has  sufficient  buffering  to  drive  external 
circuitry  in  addition  to  the  reference  currents  required  for  the 
DAC  (typically  0.5mA  to  Ref  In  and  1.0mA  to  Bipolar  Offset). 
A  minimum  of  0. 1mA  is  available  for  driving  external  loads. 


tuii^  11  11  lo  i^i^uii^u  11^  ou^^ij'  iiii^iv  mail  u.iiiii~i  vjul^ul 

current.  The  reference  is  typically  trimmed  to  ±0.2%,  then 
tested  and  guaranteed  to  ±  1.0%  max  error.  The  temperature 
coefficient  is  comparable  to  that  of  the  full-scale  TO  for  a  particular 
grade. 

If  an  external  reference  is  used  (lO.OOOV,  for  example),  additional 
trim  range  must  be  provided,  since  the  internal  reference  has  a 
tolerance  of  ±  1%,  and  the  AD767  full-scale  and  bipolar  offset 
are  both  trimmed  with  the  internal  reference.  The  gain  and 
offset  trim  resistors  give  about  ±  0.2S%  adjustment  range, 
which  is  sufGcient  for  the  AD767  when  used  with  the  internal 
reference. 

It  is  also  possible  to  use  external  references  other  than  10  volts. 
The  recommended  range  of  reference  voltage  is  from  +  8  to 
+  10.5  volts,  which  allows  both  8.192V  and  10.24V  ranges  to  be 
used.  The  AD767  is  optimized  for  fixed-reference  appUcations. 
If  the  reference  voltage  is  expected  to  vary  over  a  wide  range  in 
a  particular  application,  a  CMOS  multiplying  DAC  is  a  better 
choice. 

Reduced  values  of  reference  Voltage  will  also'lieimit  the  12 
volt  ±5%  power  supply  requirement  to  be  relaxed  to  ±12  volis- 
±  10%. 

It  is  not  recommended  that  the  AD767  be  used  with  external 
feedback  resistors  to  modify  the  scale  factor.  The  internal  resistors 
are  tiUUed  to  ratio-iaatch  and  temperattire-traek  the  O&ak 
re^stsis  bd  die  iship,  even  though  their  absoliute  toletances^are 
±20%j  tOM  absolute  temperature  coi^ciientt'are  ai>pr(KinufteIy  ' 
-  50ppm/°C.  If  external  resistors  are  used,  a  wide  trim  range 
( ±  20%)  will  be  needed  and  temperature  drift  will  be  increased 
to  reflecr  the  mismatch  between  the  temperature  coefGcients  of 
the  SitarBal  and  external  resistors. 

Small  resistors  may  be  added  to  the  feedback  resistors  in  order 
to  accomplish  small  modifications  in  the  scaling.  For  example,  if 
a  10.24V  full  scale  is  desired,  a  140n  1%  low-TC  metal-fihn 
resistor  can  be  added  in  series  with  the  internal  (nominal)  5k 
feedback  resistor,  and  the  gain  trim  potentiometer  (between 
Pins  6  and  7)  should  be  increased  to  2000.  In  the  bipolar  mode, 
incnase  the  vilne  <tf  die  bipolar  offset  trim  potentiometer  also 
to200a. 


REV.  A 


Figure  4.  Using  the  AD767  with  the  ADS8S  High  Precision  Reference 
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VOLTAGE  BEFERENCE 

The  AD767  is  specified  for  gain  drift  from  lSppiii/°C  to  30{q)iii/% 
(depending  on  grade)  using  its  internal  10  volt  reference.  Since 
the  internal  reference  contributes  the  majority  of  this  drift,  an 
external  high-precision  voltage  reference  will  greatly  improve 
performance  over  temperature.  As  shown  in  Figure  4,  the  10 
volt  output  from  the  ADS$8  is  used  as  the  reference.  With  a 
l.SppmA!:  output  voltage  drift  the  ADS88  contributes  less  than 
1/2LSB  gain  drift  when  used  with  the  AD767  over  the  industrial 
temperature  range.  Using  this  combination  may  result  in  apparent 
increases  in  full-scale  error  due  to  the  differences  between  the 
internal  reference  by  which  the  device  is  laser  trimmed  and  the 
external  reference  with  which  the  device  is  actually  applied.  The 
AD767  internal  reference  is  specified  to  be  10  volts  ±  lOOmV 
whereas  the  AD588  is  specified  as  10  volts  ±  ImV.  This  may 
result  in  up  to  lOlmV  of  apparent  fiill-scale  error  beyond  the 
±  2SmV  specified  AD767  gain  error.  The  SOOfl  potentiometer 
in  series  with  the  reference  input  allows  adequate  trim  range  to 
null  this  error. 

GROUNDING  RULES 

The  AD767  brings  out  separate  analog  and  power  groiinds  n>iv> 
aQow  (^timiun  ooiuiectious  for  low  noise  and  high-qieed  per^  : 
fiHmanoe.  These  grounds  should  be  tied  together  at  one  point, 
usually  the  device  power  ground.  The  separate  ground  returns 
ate  ptMiied  to  minimr/e  current  flow  in  low-level  signal  pat^. 

The  analog  gnmd  at  ^  5  is  the  ^und  point  for  the,  pul^t  j, 
amplifier  and  is  tims  the  "hi^  quality"  ground  for  die  AD767> 
it  should  be  qminncted  directly  to  the  analog  reference  point  irf 
the  system.  The  power  ground  at  Pin  12  can  be  connected  to 
the  most  canvenient  ground  point;  analog  power  return  is  pre- 
ferred. If  power  ground  contains  high  frequency  noisg,)>esgod,  . 
200mV,  this  noise  may  feed  through  the  converter,-dqu  scBiiie 
caution  will  be  required  in  applying  these  grounds. 

It  is  also  important  to  apply  decoupling  capacitors  properly  on 
the  power  supplies  for  the  AD767.  The  correct  method  for 
decoupling  is  to  coimect  a  capacitor  from  each  power  supply  pin 
of  the  AD767  to  the  analog  ground  pin  of  the  AP767.  Any  load 
driven  by  the  output  amplifier  should  also  be  referred  to  the 
analog  ground  pin. 

OFTIiVUZING  SETTLING  TIME 

The  dynamic  performaiux  of  the  AD767's  output  amplifier  can 
be  optimized  by  adding  a  small  (20pF)  capacitor  across  the 
feedback  resistor.  Figure  S  shows  the  improvement  in  both 
large-signal  and  small-signal  settling  for  die  lOV  range.  In  Figure 
Sa,  the  top  trace  shows  the  data  inputs  (DBU-DBO  tied  together), 
the  second  trace  shows  the  CS  pulse,  and  the  lower  two/traces 
show  the  analog  outputs  for  Cp  =  0  and  20pF  respectively. 


jt,  lOVOIV.  Cf  =  20pF 


,,  lOV  DIV.  C,  =  Opf 


ail  DUS  OD  [O  ail  OllS  Ull.  INULC  Liiai  luc  MiLLiiug  Luut.  w  —ii*. 

for  the  lOV  step  is  improved  from  2.4  microseconds  to  1.6 
microseconds  by  the  addition  of  the  20pF  capacitor. 
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Figure  5b.  Fine-Scale  Settling,  Cf^OpF 


VooT.  SV/DIV 


Figure  Sc.  Fine-Scale  Settling,  Cr=20pF 

Figures  Sd  and  Se  show  the  settling  time  for  the  transition  from 
all  b^ts  off  to  all  bits  on.  The  improvement  in  settling  time 
gained  by  adding  Cg=20pF  is  similar. 


Vqut.  ILSB/DIV 
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Figure  5d.  Fine-Scale  Settling,  Cp^^OpF 
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Figure  5a.  Large  Scale  Settling 


Figure  5e.  Fine-Scale  Settling,  Cf:=20pF 
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Applications— AD767 


DIGITAL  INPUT  CONSIDERATIONS  ' 

The  threshold  of  the  digital  input  circuitry  is  set  at  1.4  volts  ' 
and  does  not  change  with  supply  voltage.  Thus  the  AD767 
digital  inlo&oe  may  be  driven  with  any  of  the  popular  types  of 
S  volt  logic. 

A  good  engineering  practice  is  to  connect  unused  inputs  to 
power  ground  to  improve  noise  immunity  Unconnected  data 
and  control  inputs  will  float  to  logic  0  if  left  open. 

The  liiw.4i8>t>l  w^^pa^eni'  of  tb^  fd>767  eliininates  the  need 
fiir  bufiferydriven  mpateH  Ijy  many  mraiolithic  fxum^nas  using 
^xdar  technology.  A  sii^  low-power  Schottky  gtie,  for  enmple, 
iriil  drive  aevend  AD767s  when  oonnected^ni  a  commao  bus. 

INPUT  CODING 

The  AD767  uses  positive-true  binary  input  coding.  Logic  "1"  is 
represented  by  an  input  voltage  greater  than  2.0V,  and  logic  j 
"0"  is  defined  as  an  input  voltage  less  than  0.8V. 

Unipolar  coding  is  straight  binary,  where  all  zeroes  (OOOh)  on 
the  data  inputs  yields  a  zero  analog  ouQ>ut  and  all  ones  (FFF|i) 
yields  an  analog  output  ILSB  below  fiiU  scale.  ' 

Bipolar  coding  is  offset  binary,  where  an  input  code  of  OOOh 
yields  a  minus  full-scale  output,  an  input  of  ttta  yields  an 
output  ILSB  below  positive  full  scale,  and  zero  occurs  for  an 
input  code  with  only  the  MSB  on  (800h). 

The  AD7(^7  can  be  used  ;«itl^.nrgs  fomplementi  input  codingjif 
m  inverter  is  used  on  tU'lifSBPiOSfill).  " 

MICROPROCESSOR  INTERFACE_ 

The  AD767,  with  its  40ns  minimum  CS  pulse  width,  may  be 
easily  interfaced  to  any  of  today's  high-speed  microprocessors. 
The  12-bit  single  buffered  input  register  will  accept  12-bit  parallel 
data  from  processors  such  as  the  68000,  8086,  TMS320  series, 
and  the  Analog  Devices  ADSP-2100.  Several  illustrative  examples 
fidlow. 

CaaOO  -  AD767  INTERFACE 

Kgure  6  ilhutrates  t]ie  Aiy767  inlEi&ce  to  >  6MNn  micniiitDoeawr. 
Anjctive  low  decoded  address  is  OR'ed  widi  the  procesaor's 
R/W  signal  to  provide  and  latch  data  into  the  AD767.  Later 
in  the  bus  cycle  the  processor  issues  the  upper  (UDS)  and  lower 
(LDS)  data  strobes  which  are  gated  with  the  decoded  address  to 
provide  OTACK  and  terminate  the  baa  cyde.  Aa  diawn,  diia 
interfile  will  siqipart  a  U.SMHz  68000  qratem. 


A1-A23 
AS 

68000 

RAW 
LOS 
UDS 
DTACK 

DO-DIS 

ADDRESS  BUS  ^ 

•i  y 

 -       ADDRESS      .  . 

DECODE 

"  AD7S7< 
DB0-DB11 

DATA  BUS 

V 

Figure  6.  68000  -  AD767  Interface 
8086  -  AD767  INTERFACE 

Interfacing  the  AD767  to  the  8086  16-bit  microprocessor  requires 
a  minimal  amount  of  external  components.  A  lOMHz  8086,  for 
example,  generates  a  16Sns  low  write  pulse  which  may  be  gated 
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with  a  decoded  address  to  provide  CS  for  the  AD767.  As  WR 
letiinis )iigii  valid datan(,tt^ifito'^ DAC.  Ste lOgiite 7.  ,' 


Figfjre  7.  80B6,-  AD767  Interface 
TMS32010  -  iUE}767 INTERFACE 

The  high-i^ieedl  digbd  intei&pe  oftfae  AD767  bcilitBies  its  use 
Ae  TMS3^l6  microprocessor  at  speeds  up  to  20MHz.  In 
the  tluee  multiplexed  LSBs  of  the  address  bus,  PA2  -  PAO  are 
decoded  as  a  port  address  and  OR'ed  with  the  low  write  enable 
to  generate  CS  for  the  DAC.  A  simide  OUT  zz,y  instruction 
will  output  the  data  word  stored  of,  wB0eo!^  Vfc^im.  ^Jlo  any  , 
one  of  eight  port  locations  y.  .■  ^ 


PORT 
ADDRESS 
DECODER 


,  V  >^7S7'!  - 


Figure  8.  ™S32010  -  AD767  Intmrface 

TMS32020  -  AD767  INTERFACE 

Interfacing  the  AD767  to  the  TMS32020  microprocessor  is 
easily  achieved  by  using  the  TMS32020  I/O  port  capability.  The 
IS  signal  distinguishes  the  I/O  address  space  from  the  local 
program/data  memory  space  and  is  used  to  eiuble  a  74LS138 
decoder.  The  decoded  port  address  is  Chen  gated  widi  tlie  R/W 
and  STRB  signals  to  provide  the  AD767  CS. 


u 


Figure  9.  TMS32020  -  AD767  Interface 
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ADSP-2100  -  A0767  INTERFACE 

The  ADSP-2100  single  chip  DSP  processor  may  be  intcr&ccd  to 
the  AD767  as  shown  in  Figure  10.  With  a  clock  frequency  of 
32MHz,  and  instruction  execution  in  a  single  12Sns  cycle,  the 
c  will  support  the  AD767  interface  with  a  single  wait 


DMWn 


DMACK 
ADSP-2100 

CUtOUT 


^HUmO  FOR  CLARITY 

Figure  10.  ADSP-2100  -  AD767  Interface 

At  the  beginning  of  the  data  memory  access  cycle  the  processor 
provides  a  14-bit  address  on  the  DMA  bus.  The  DMS  signal  is 
then  asserted  enabling  a  LOW  address  decode.  Valid  data  is 
now  placed  on  die  data  bus  and  DMWR  is  issued.  DMWR  is 
OR'ed  with  the  LOW  address  decode  to  generate  the  AD767 
CS. 

The  LOW  decoded  address  is  alao  gated  with  tbe  Q  owiNit  of  > 
iD  flip-flop  to  hold  DMAOC  (I)|iS|:^||^ory  Acknowledge) 


LOW.  This  forces  the  processor  into  a  wait  state  and  extends 
the  AD767  CS  by  1  clock  cycle.  The  rising  edge  of  CLKOUT 
latches  Q  HIGH  bringing  DMACK  HIGH.  The  cycle  is  now 
complete. 

TMS320C25  -  AD7«7  INTERFACE 
Figure  11  iUustrates  the  AD767  interface  to  a  TMS320C25 
digiul  signal  processor.  Due  to  the  high-speed  capability  of  t^ 
ptocessor  (40MHz),  a  single  wait  state  is  reqiured  and  is  eaafy 
generated  using  MSC.  A  20MHz  TMS320C2S  however,  does 
not  require  wait  states  and  should  be  inter&ced  using  the  dicuit 
shown  in  Figure  9. 


1_ 

G1  V7 
G2A  Y« 

G28  V5 
Y4 

(74LS1M1 

C  Y2 

B  VI 

nfir 


Strb 


READY 
MSC 


;=[> 


1> 


OMfTTBiroReLAfHTV 


Figure  11.  TMS320C2S  -  AD767  Interface 
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AD1139 


FEATURES 
IS-Bit'Resolution 
Low  Nonlinearity 

Differential:  ±1/2LSBmax 

Integral:  ±1/2LSBmax 
High  Stability 

Differential  TC:  ±1ppm/°C  max 

Integral  TC:  ±  1/2ppni/°C  max 

Gain  TC  (with  Reference):  ±4ppm/°C  max 
Fast  Settling 

Full  Scale:  40|jis  to  ±0.00019% 

LSB:  6|iisto  ±0.00019% 
Small  Hermetic  32-Lead  Triple  DIP  Package 
Low  Cost 

APPUCATIONS 
Automatic  Test  Equipinent 
Scientific  InstrumentMhi^  issiin: 
Beam  Positioners  J 
Digital  Audio 


FimcnONAL  BLOCK  DU^tAM 


GENERAL  DESCRIPTION 

The  AD1139  is  the  first  DAC  offering  18-bit  resolution  (1  part 
in  262,144)  and  true  18-bit  accuracy  in  a  component  size  hybrid 
package.  A  proprietary  bit  switching  technique  provides  high 
accuracy,  speed  and  stability  without  compromising  small  size 
or  low  cost. 

The  ADI139  is  a  onnplete  DAC  with  precision  internal  reference, 
latched  data  inputs  and  a  quality  output  voltage  amplifier.  The 
analog  output  voltage  ranges  are  pin  programmable  to  +  5V, 
+  lOV,  ±  5V  and  ±  lOV.  Current  output  is  also  provided  for 
use  with  external  amplifiers.  The  internal  precision  —  lOV  refer- 
ence has  a  low  ±  3ppm/°C  maximum  temperature  coe£Gdent 
and  is  available  for  ratiometric  applications. 

The  ADI139K  is  a  true  18-bit  accurate  DAC  with  ±  1/2LSB 
maximum  differential  and  integral  nonlinearity.  The  differential 
and  integral  nonlinearity  temperature  stability  is  guaranteed  at 
+  lppm/°C  maximum  and  ±  l/2ppm/°C  maximum,  respectively. 

The  AD1139  settles  to  within  ±  1/2LSB  at  18  bits  (±0.00019%) 
in  40|ji.s  for  a  full-scale  step  (lOV).  The^^tch  energy  is  a  low 
400mV  X  SOOns  for  a  major  carry,  and  wideband  output  noise  is 
only  ISpiV. 

The  ADI 139  operates  from  ±15Vdcand  +  5V  dc  power  supplies. 
Digital  inputs  are  5V  CMOS  compatible  with  binary  input 
coding  for  unipolar  output  ranges  and  offset  binary  coding  for 
faspoiar  ranges.'   '  ~  —    —  '  ' 


PRODUCT  HIGHLIGHTS 

1 .  Eighteen-bit  resolution  with  ±  1/2LSB  maximum  differential 
and  integral  nonlinearity  in  a  hermetic  32r^ead  triple  DIP 


2.  Complete  DAC  witfa'Intemal  reference,  stable  low-nois6 
output  amplifier,  Utt^ed  DAC  inputs,  reference  output  and 
internal  applicaiitmjgps^tcns  for  programmable  output  voltage 
ranges.  "<  '  | 

3.  Ten^entmcera^^Koed  internal  predsion  reference  with 
±d.l°/i  maximimi  rnitifi  accuracy  and  ±3ppm/°C  TninriniiiTn 

tempco. 

4.  Four  pin  programmable  output  voltage  ranges  ( +  5V,  +  lOV, 
±5V,  ±  lOV)  and  current «BE|iat  a«dUU&<—l«iA, 

±  0.5mA).  " 

5.  The  18-bit  parallel  input  latch  assists  in  microprocessor 
interface. 

6.  Accurate  measurements  of  the  DAC's  output  are  unusually 
simple  since  the  ADI  139  does  not  suffer  from  code  dependent 
ground  current  errors. 

7.  True  analog  ou^t  loi^te  sense  capability. 
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ACCURACY 

Di£feienttalNaDlb#iP|r 

±lLSBmax 

±l/2LSBmax 

(=  ±0.00038%mtx) 

(=  ±0.00019%  max) 

IntegralNonlinearity 

±lLSBmax 

±  l^LSB  mm 

±0.00p38%max) 

(«  ±0.00019%max) 

Monotonictty  (18  Bits) 

Guaranteed 

* 

Initial  Errors' 

Unipolar  Gain  Error 

±0.01%  j 

* 

Bipolar  Gain  Error 

Offset  Error                     .  _  _  — 

Bipolar  Ofibet  Enor 

±0.01% 

STABILITY  (ppm  FSR*/^ 

Differential  NonltDearity^ 

±  Imu 

±0.5tsp,  ±lma 

Integral  Nonlineahty^ 

±0.3inax 

* 

Gain  (Including  Vref) 

±4  max 

UniptHwMode 

±  imax 

BipcM^  Mode 

±Imax 

STABILITY  (Long  Teim,  ppm  FSR^/ 1000  hour) 

DiSoBUial  NomliDcariiy ^ 

±0.5 

* 

1  TBiii  ^11  miming  v  pcwj 

IS 

Offset 

±1 

Bipolar  OfTset 

±2 

* 

Reference  Output  Voltage 

±15 

* 

WARMUP  TIME  (MINIMUM) 

15  minutes 

REFERENCE  VOLTAGE  (Vref) 

Output  Voltage  (@  5  mA  max) 

-  10V(±0.1%max) 

Nolse(DW  =U.'1-1U*1ZJ 

2Up.v  pK-pk 

m..i.7«w  Mil* 

Noise  (BW  =  fOQkffi) 

50|i.V  rms 

Tempco 

3ppm/^max 

DYNAMIC  PERFORMANCE 

Settling  Time  to  I/2LSB(@  18Bi»)^ 

Voltage 

• 

Bipolar  (20V  Step) 

* 

Unipolar  (LSB  Step) 

6\is 

* 

Bipolar  (LSB  Step) 

8)is 

Slew  Rate 

2V/tis 

* 

Current'^ 

ruii-5caic aiep ' 

LSB  Step 

Glitch  Energy  (Major  Carry 

@^fiMH2flandwiddi  (Mo-IDV  Range) 

400m V  (SQOns  DtuatioD) 

DiGrrALpmm  (sytiMOSOiwiwiWB)  ■ 

Vn, 

^0.8V 

* 

VlH 

* 

UnipolarCode                            r  ,■ 

* 

Bipolar  Code  j." 

* 

ANALOG  OUTPUT 

Current'* 

-ImA,  ±  0.5mA  ' 

* 

Voltage  (Pin  Programmable) 

+  5V,+10V,±fy>±10V 

*  - 

Noise  (Includes  Vrep) 

BW  =  O.l-lOHz(fiVpk-pk) 

2  X  FSR 

I  xFSR 

BW  =  100k  Hz  (Unipolar) 

IS|iVrms 

BW  =  lOOkHz  (Bipolar) 

4S|j.V  ims 

VOLTAGE  COMPLIANC^^*"^'  ^ 

±  lOmV 

* 

Source  Resistance 

Unipolar 

* 

Bipolar                         i  i'^  '  ""•tft 

Source  Capacitance 

lOpF 

POWER  SUH*LY  REQUIREMENTS 

+5Vdc{a:S%) 

lOOiiA 

*                     r  '■: 

±I5Vdc(±S%) 

+  2SinA, -3QniA 

POWER  SUPPLY  REJECTION 

(±15Vdc) 

Gain 

±2.5ppm/% 

* 

Offset 

+  0.3ppm/% 

* 

Reference  Output 

±  2.5ppm/% 

* 

(  +  5V  dc) 

Difiereotial  NonlineaiiQr 

±0.15ppaknfa 

TEMPERATURE  RANGE 

Operacing  (Raicd  Performanccj 

0  10  +  70'C 

-  -WC  lo  +  85"C 

-  SEATING  PIANE 


WARNING 


ESD  SENSITIVE  DEVICE 


CAUTION:  OBSERVE  PROPER  PLUG-IN  POLARITY  TO 
PREVENT  DAMAGE  TO  CONVERTER 


PIN  DESIGNATIONS 


PIN 

DESCRIPTION 

PIN 

DESCRIPTION 

1 

SIGNAL  GND 

32 

GAIN  TRIM 

2 

BIPOLAR  Oi=FSET 

31 

REFOUT 

3 

'out 

30 

-15V 

4 

AMPIN 

29 

+  15V 

5 

20V  SPAN 

28 

+  5V 

6 

10V  SPAN 

27 

POWER  GND 

7 

AMP  OUT 

26 

WR 

8 

DB17(MSB) 

25 

DBO(LSB) 

9 

DB16 

24 

DB1 

10 

DB1S 

23 

DB2 

11 

DB14 

22 

DB3  ' 

12 

DB13 

21 

DB4 

13 

DB12 

20 

DB5 

14 

DB11 

19 

DB6            '  " 

15 

DB10 

18 

DB7 

16 

DBS • ■  ■  ■ 

rt  * 

DBS'. 

BUXH-IN^ 
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u)gain  trim 

3l)flEFOUT 


AMP  IN (4 
SIGNAL  GNDO 


ANALOG  OUTPUT  RANGE 

The  AD  1139  is  pin  programmable  to  provide  a  variety  of  analog 
outputs,  either  current  or  voltage.  A  unipolar  output  current  of 
0  to  —  1mA  is  available  at  Pin  3  and  can  be  offset  by  0.5mA 
(connect  Pin  2  to  Pin  3)  for  a  biolar  output  of  ±  0.5mA.  Output 
voltage  ranges  (  +  5V,  +  lOV,  ±5V  and  ±  lOV)  are  available  at 
Pin  7  by  connecting  the  current  output  (Pin  3)  to  the  amplifier 
input  (Pin  4)  and  the  appropriate  internal  feedback  resistors  to 
the  ^pliQnr  output;  (Pin  7)  as  shown  in  Figure- 1. 


OFFSET  &  GAIN  CALIBRATION 
Initial  offset  and  gain  errors  can  be  adjusted  to  zero  by  ] 
tiometers  as  shown  in  Figture  1.  The  offset  adjust  range  is  plus 
0.03%  to  mmus  0.{>2%i<rf  full  scak  range  (wiper  of  potentiometer 
to  REF  OUT  equals  plus.0^03%).  The  gam  adjust  range  is  plus 

0.  06.  to  minus  OJ)S%  of  fiiU  scale  raiq;e.(w^<to>R£F>^U<r  . 
equals  pli^  0.06%).  Meajuisraiient.inspiutieiits>uSM  dicmld  be  "'■ 
capable>o{  iewWagylfijtAwb^s  iBiftiftillWfaiqshe  ^psemtoiitput 
range  and  within  l|i,V  of  zero.  r^'.  ■     ;  ■  - 

Procedure: 

UNIPOLAR  MODE 

1.  Apply  a  digital  input  of  all  "Os." 

2.  Adjust  the  offset  potentiometer  until  a  O.OOOOOOV  output  is 
obtained. 

3.  Apply  a  digital  input  of  all  "Is." 

4.  Adjust  the  gain  potentiometer  until  plus  full-scale  output  is 
obtained  (see  Table  I  for  exact  value). 

BIPOLAR  MODE 

1.  Apply  a  digital  input  of  100  ....  .  000. 

2.  Adjust  the  offset  potentiometer  imtil  a  0.000000V  output  is 
obtained. 

3.  Apply  a  digital  input  of  all  "Is." 

4.  Adjust  the  gain  potentiometer  imtil  plus  full-scale  output  is 
obtainedtiS^  Tdbfe  I  for  exact  value). 


CodcOOO.  . 

.  00 

Codelll ...  11 

Unipolar  +  5V 

+  10V 

O.OOOOOOV 

o.oooooov 

+4.999981V 
+  9.999962V 

Code  100  .  . 

.  00 

Codelll  11 

Code  000  00. 

Bipolai  S5V 

±10V 

O.OOOOOOV 

o.oooooov 

+  4.999962V 
+  9.99f>924V 

-  s.oeoooov. 
-jo.poo^y 

Symbnl      PanmelK  Requirement 


Ids 

tDH 


Data  Setup  Time 
Data  Hold  Time 
Write  Pulse  Width 


160ns  min 
120ns min 
200ns  min 


Table  II.  Timing  Requirements  .. 

TIMING  DIAGRAJM  &  LATCH  CONTROL 

Timing  requii;ements  for  the  ADl  139  are  shown  in  Table  II. 
The  timing  diagram  is  shown  in  Figure  2.,The  WRite  line  controls 
an  18-bit  wide  data  input  latch.  This  latch  is  transparent  when 
the  WRite  line  is  LOW,  allowing  all  Ints  to  be  accessed  directly. 
When  the  WRite  line  is  activatedvRIGH,  the  dau  present  at  the 
inputs  is  held  in  the  latch  and  the  appropriate  analog  voltage  is 
seen  at  the  output. 


'4- 


X 


Figurn  1.  Output  Voltage  and  Trim  Configuration 


Figure  2.  A01139  Timing  Diagram 


mm , 


GROUNDING  &  GUARDING  ~~ 
The  current  from  measurement  ground  (Pin  1)  is  small  and 
independent  of  the  digital  input  code  to  the  DAC.  This  greatly 
simplifies  making  error  free  analog  measurements.  Connect  this 
high  quality  ground  to  the  system's  or  application's  high  quality 
groimd.  Connect  the  DAC's  power  ground  (Pin  27)  to  the  system 
Ktiim,;alBO  oonnect  die  syMem's  high  quality  ground  to  the 
system  return.  It  ismaaimfonaUMlntiumeasmemem  gmmd 
(Pin  1)  and p<mmgnmniilHM2!l)ilk<$m»lKlBik^^ 
proper  circuit  operation.  ' 

The  current  output  pin  (Iqutj  Pin  3)  is  sensitive  to  external 
noise  sources,  such  as  digital  input  lines.  This  pin  and  any 
components  connected  to  this  pin  should  be  surrounded  1^  a 
grounded  guard  as  shown  in  Figure  3.  , 


Figure  3.  Guarding  Recommendations 

REMOTE  SENSE  APPLICATION 
The  AD1139's  remote  sense  capability  allows  driving  heavy 
loads  or  long  cables  without  the  usual,  accompanying  gain  errors. 
By  sensing  at  the  load,  as  described  in  Figure  4,  the  load  current 
mil  pass  througji  the  amplifier's  output  and  the  power  ground, 
but  not  through  the  sense  lines.  The  potential  gain  errors  that 
woul(l''BefiAIuce)t%  diii'lbad  eorrettt  are  Aerefore  minitriiMvl 
The  load  should  not  exceed  ±  10mA  or  2  nano&rads  to  insure 


proper  operation  of  the  AD1139's  internal  quQ)ut  amplifier. 


Figure  4.  Remote  Sensing 


RATIOMETRIC  DAC  TESTING  APPLICATION 

The  ADl  139's  highly  stable  reference  output  can  be  conveniently 
used  in  the  testing  of  other  high  resolution  DACs.  Figure  5 
describes  how  the  REF  OUT  (Pin  31)  is  used  as  the  external 
reference  input  to  a  device-under-test.  The  gain  of  the  device- 
imder-test  will  now  accurately  track  the  AD1139's  gain  and 
eliminate  reference  contribution  to  gain  error. 

When  used  as  a  reference  DAC  to  test  the  integral  and  differential 
linearity  of  14-  and  16-bit  DACs,  the  AD1139  provides  a  meas- 
urement capability  with  just  1/16LSB  of  uncertainty  at  14  bits. 

Gain  and  offset  errors  of  the  device-imder-test  (D.U.T.)  may  be 
accounted  for  in  software.  Once  zeroed,  the  integral  linearity 
error  can  be  measiued  as  the  difference  between  the  reference 
DAC  (AD1139)  and  the  D.U.T.  as  seen  at  the  digital  voltmeter. 

The  differential  linearity  error  is  then  determined  by  incrementing 
or  decrementing  the  D.U.T.  digital  input  by  ILSB,  and  comparing 
the  new  output  at  the  DVM  with  the  previous  ouq>ut.  The 
diffetoice  boCRcm  theae  ]^  ^e^ur^vei^  4^i)ld  be  exactly 


one  ideal  LSti.  'the  amount  of  disagreement ^m  one  ideal 
LSB  is  the  differential  linearity  error. 


Figure  5.  Ratiometric  DAC  Testing 


IBM*  PC  INTERFACE 

Figiure  6  illustrates  a  typical  IBM  personal  computer  interface 
which  uses  three  8-bit  external  latches  and  two  decoder  chips. 
The  three  HCT374  latches  are  connected  to  the  data  bus  (DO 
through  D7).  The  HCT138  decoder  chip  decodes  the  address 
bus  and  enables  each  latch,  including  the  AD1139's  internal 
DAC  latch,  to  see  the  appropriate  digital  word.  The  HCT688 
chip  and  the  HCT138  decoder  define  the  I/O  address  space 
where  the  four  latches  will  reside.  In  the  Figure  6  example,  they 
reside  in  the  address  space  as  shown  in  Table  III. 


I/O  Address 

Selected  Latch 

Data  Bits 

380H 

Low  Byte 

DB0-DB7 

381H 

Mid  Byte 

DB8-DB15 

382H 

High  Byte 

DBI6,DB17 

383H 

ADl  139  Latch 

DB0-DB17 

*IBM  i>  a  tradtmaik  of  iBteHhiiwI  Byiiatu  Madin  Cofp. 


1•-lvl^•.^■  qV  r.rj;-- uih;  V.,-;   v^cN  ma|l'.jv   'i  nv; 


2^T70  imirAh'T&-jmnLQa'ax>ivmTERs. 


AREV^A 


~lf  I  n 


AD1139 


CONNECTTOTHE 
PC'S+SVSUPPLY' 


BUS 

PIN# 

07 

IA2)   ' 

D6 

IA3I   1 

D5 

IA41  1 

D4 

(A5)  1 

D3 

IA6)   < 

D2 

IA7I   1 

01 

IA8)  1 

DO 

i(Aai  

NOTE  I 
'THE  PC  S  +  5V  dc  LOGIC  SUPPLIES  SHOULD  BE  KEPT  SEPARATE 

FROM  THE  AD11 39  +  5V  dc  SUPPLY.  TO  KEEP  LOGIC 

INDUCED  NOISE  TO  A  MINIMUM. 


Figure  6.  AD1139  to  IBM  PC  Compatible  Interface 


LONG-TERM  STABILITY  VS.  TEMPERATUSE 

Adjusting  the  linearity  of  any  DAC  after  it  is  installed  in  the 
application  is  often  difficult  or  impossible.  It  is  preferable  to 
maintain  some  specified  accuracy  over  the  useful  working  life  of 
the  product  (commonly  S  to  10  years).  Stable  linearity  performance 
over  time  can,  therefore,  be  a  very  important  parameter  for  the 
DAC. 

Accelerated  testing  to  determine  the  expecud  linearis  stalnlity 
ma  time  can  be.  acron^plishfd.tff^ttp)  difiiMent  methods.  Linearity 
is  first  measured  at  +2S°C.  Tbe  DAC  is  then  operated  at  a 
fixed  elevated  temperature  for  an  extended  period  of  time.  The 
DAC  is  then  letested  at  +  2S°C,  and  the  change  in  linearity 

error  vs.  time  is  calculated.  The  ARRHENIUS  EQUATION 
(used  in  reliability  calculations)  can  be  used  to  determine  what 
the  acceleration  factor  is  from  +  2S°C  to  the  elevated  test  tem- 


perature. Knowing  the  acceleration  factor  and  the  linearity  eitor 
vs.  time  at  the  elevated  temperature,  one  could  calculate  the 
expected  long-term  stability  of  linearity  at  nominal 
temperatures. 

A  second  test  method  determines  how  long  it  will  take  for  the 
linearity  to  shift  by  a  specific  error  band  (we  chose  ±  2ppm  for 
our  example)  at  any  specified  temperature.  The  first  step  is  to 
measure  the  linearity  at  a  moderately  elevated  temperature  (e.g., 
+  8S°C)  and  then  monitor  how  long  it  takes  at  this  temperature 
to  reach  the  error  band  limit.  The  second  step  is  to  perform  the 
same  test  at  a  much  higher  elevated  temperature  (e.g.^:%P|^,p 
The  two  resulting  time  vs.  t^peianiie  points  are  dtea  ptotica 
on  semilog  paper.  A  line  drawn  through  the  two  points  allows 
extrapolation  to  the  lengdi  of  time  eqxcted  to  teach  the  error 
band  (±2ppm)  at  other  temperatures,  indudii^  +2S°C. 
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Figure  7  shows  how  long  it  would  take  for  the  ADll39's  linearity 
CO  drift  ±2ppin  (1/2LSB)  at  any  operating  temperature.  The 
uppermost  plot  shows  stability  under  storage  conditions  (no 
power),  and  the  lo¥^  plot  shows  the  ADl  l:39*s  operating  stability 
(under  power).  The  operating  vs.  storage  difference  is  due  to  the 
Ifft^  t^perature  rise  when  the  M>1139  is  powered. 
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100K 
67,600' 
(10  YEARS). 
43.800 
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i 

70      80     90     100    110    120  130 


TEMPERATURE-degrm 

EXPECTED  TIME  (SQUIRED  TO 
PRODUCE  A  ±  2ppm  UNEARiTY 
SWn  VS.  TESTTCMPERATURE 
NOTE:  MAX  OPERATWIG  TEMPERATURE  IS  +70^; 

Figure  7.  Nonlinearity  vs.  Time/Temperature 
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— O  MEASUREMENT 


Figure  8.  Externa/  Amplifier  for  High  Speed 


Output  Voltage  Range 

Noise  Gain 

Oto+5V 

2 

Oto  +  lOV 

3 

±5V 

4 

±10V 

7 

Table  IV.  Noise  Gain  vs.  Output  Voltage  Range 
SETTLING  TIME 

The  LSB  step  and  full-scale  step  typical  settling  times,  to  within 
±  1/2LSB  at  18  bits,  are  shown  in  the  Specification  Table. 
Figure  9  graphically  presents  the  typical  settling  times  to  within 
±  1/2LSB  at  resolutions  from  12  to  18  bits. 


BURN-IN 

All  AD1139s  undergo  a  168  hour,  powered  bum-in  @125°C, 
prior  to  laser  trimming.  This  burn-in  produces  ike  optimum 
stability  for  the  resistor  network  and  eliminates  infancy  defects. 

As  shown  in  Figure  7,  exposure  to  elevated  temperatures  produces 
an  acceleration  of  the  normal  aging  process.  Frtlcopditioning/bum- 
in  employed  by  the  user  will  lead  to  premature  linearity  shifts, 
outside  of  the  initial  guaranteed  specifications.  The  ADI  warranty 
will  not  cover  DACs  that  eiiliibit  this  type  of  forced  premature 
specification  degradation.  .  .  ..^.,j,„    .  ■ 

EXTERNAL  AMPLIFIER  FOR  HIGH  SPEED  OR  HIGH 
OUTPUT  CURRENT 

The  AD1139's  ir^tssroal  output  anjpljfier  js  9Ptij59jzecl  for  very 
low  noise,  dc  stable  appUcadons  with  moderate  settling  time. 
Applications  requiring  higher  speed  or  more  output  current  can 
use  an  external  amplifier,  such  as  shown  in  Figure  8.  The  AD711 
settles  to  within  16  bits  in  only  6^,s  for  a  imipolar  full  scale 
step.  Other  amplifiers  may  be  chosen  for  differing  tradeoffs. 
The  noise  gain  seen  by  the  output  amplifier,  depends  on  the 
output  voltage  range  selected  (see  Table  FV).  The  amplifier 
selected  must  be  stable  at  the  noise  gain  corresponding  to  the 
output  range. 
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8.0 


AD1851/AD1861 


FEATURES 

HOdBSNR  : 
Fast  Settling  Permits  ISx  Overaampling  1. 
±3  V  Output  oj  ^ 

Optional  Trim  Allows  Super-Linear  Perfbrmanc*  

±5  V  Operation 

16-Pin  Plastic  DIP  and  SOIC  Packages 
Pin-Compatible  witli  AD1856  &  AD1860  Audio  DACs 
2s  Complement,  Serial  Input 

APPLICATIONS 

High-End  Compact  Disc  Players 

Digital  Audio  Amplifiers  ^ 

DAT  Recorders  and  Players 

Syntliesizers  and  Keyboards  ^  , 

PRODUCT  DESCRIPTION 

The  AD1851/AD1861  is  a  monolithic  PCM  audio  DAC.  The 
AD1851  is  a  16-bit  device,  while  the  AD186I  is  an  18-bit 
device.  Each  device  provides  a  voltage  output  amphfier,  DAC, 
serial-to-parallel  register  and  voltage  reference.  The  digital 
portion  of  the  AD1851/AD1861  is  fabricated  with  CMOS  logic 
elements  that  are  provided  by  Analog  Devices'  2  ^^m  ABCMOS 
process.  The  analog  portion  of  the  AD18S1/AD1861  is  fabri- 
cated with  bipolar  and  MOS  devices  as  well  as  thin-film 
resistors. 

This  combination  of  circuit  elements,  as  well  as  careful  design 
and  layout  techniques,  results  in  high  performance  audio  play- 
back. Laser-trimming  of  the  linearity  error  affords  low  total  har- 
monic distortion.  An  optional  linearity  trim  pin  is  provided  to 
allow  residual  differential  linearity  error  at  midscale  to  be  elimi- 
nated. This  feature  is  particularly  valuable  for  low  distortion 
reproductions  of  low  amplitude  signals.  Output  glitch  is  also 
small,  contributing  to  the  overall  high  level  of  performance.  The 
output  amplifier  achieves  fast  setthng  and  high  slew  rates,  pro- 
viding a  full  ±3  V  signal  at  load  currents  up  to  8  mA.  When 
used  in  current  output  mode,  the  AD18S1/AD1861  provides  a 
±1  mA  output  signal.  The  ouqiut  amplifier  is  short  dicuit  pro- 
tected and  can  withstand  indefinite  shorts  to  ground. 

The  serial  input  interface  consists  of  the  clock,  data  and  latch 
enable  pins.  The  serial  2s  complement  data  word  is  clocked  into 
the  DAC,  MSB  first,  by  the  external  clock.  The  latch  enable 
signal  transfers  the  input  word  fi'om  the  internal  serial  input 
renter  to  the  parallel  DAC  input  register.  The  AD18S1  input 
dock  can  support  a  12.S  MHz  data  rate,  while  the  AD1861  in- 
put clock  can  support  a  13.S  MHz  data  rate.  This  serial  input 
port  is  compatible  with  second  generation  digital  filter  chips 
used  in  consumer  audio  products.  These  filters  operate  at  over- 
sampling  rates  of  2x,  4x,  gx  and  16 x  sampling  frequencies. 

The  critical  specifications  of  THD-l-N  and  signal-to-noise  ratio 
are  100%  tested  for  all  devices. 
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The  AD1851/AD1861  operates  with  ±5  V  power  supplies,  mak- 
ing it  suitable  for  home  use  markets.  The  digital  supply,  Vl, 
can  be  separated  from  the  analog  supplies,  Vg  and  -Vj,  for  re- 
duced digital  crosstalk.  Separate  analog  and  digital  ground  pins 
are  also  provided.  Power  dissipation  is  100  mW  typical. 

The  AD1851/AD1861  is  available  in  either  a  16-pin  plastic  DIP 
or  a  16-pin  plastic  SOIC  package.  Both  packages  incorporate  the 
industry  standard  pinout  foimd  on  the  AD1856  and  AD1860 
PCM  audio  DACs.  As  a  result,  the  AD1851/AD1861  is  a  drop- 
in  replacement  for  designs  where  ±  5  V  supplies  have  been  used 
with  the  AD1856/AD1860.  Operation  is  guaranteed  over  the 
temperature  range  of  -25°C  to  -)-70°C  and  over  the  voltage  sup- 
ply range  of  ±4.75  V  to  ±5.25  V. 

PRODUCT  HIGHLIGHTS 

1.  AD18S1  16-bit  resolution  provides  96  dB  dynamic  range. 
AD1861  Ig-bit  resolution  provides  108  dB  dynamic  range. 

2.  No  external  cranponents  are  reiffillll^^i^^wjTT;; ;  . 

3.  Operates  with  ±5  V  supplies. 

4.  Space  saving  16-pin  SOIC  and  plastic  DIP  packages. 

5.  100  mW  power  dissipation. 

6.  High  input  dock  data  rates  and  1.5  (jls  settling  time  permits 
2x,  4x,  gx  and  16x  ova-sampling. 

7.  ±3  V  or  ±1  mA  output  capabilit\'. 

8.  THD  -H  Noise  and  SNR  are  100%  tested. 

9.  Pin-omipatible  vrith  AD18S6  &  AD1860  PCM  audio  DACs. 
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AD1851/AD1861  -SPECIFICATIONS  (Td  @  +25°C  and  ±5  V  supplies,  unless  otherwise  noted) 


Mhi                    Tjrp  Max 

Units 

DIGITAL  INPUTS 

V.„ 

I.H,V,„  =  Vi.  -  

iiL> =  0.4  ,jj/>i.-t  y  li'j.'x.  'i.-  un.'jvi J 

2.0  +Vl 

0.8 

  ^  4.0 

.  -10 

—  -  -  -1 
V  1 
V 
(jiA 
(lA 

ACCURACY 

Gain  Error 

Midscale  Output  Voltage 

±10 

—  , — ■  tst^jaaighe'^  lisoji!  • 

% 

mV 

DRIFT  (0°C  to  +70°C) 
Total  Drift 
Bipolar  Zero  Drift 

±25 

..  ±4.,,,  ,  , 

-  H)mofFSR/°C 
^,ppmQf  FSR/^ 

SETTLING  TIME  (To  ±0.0015%  of  FSR) 
Voltage  Output 

6  V  Step 

1  LSB  Step 

Slew  Rate 
Current  Output  - 

imAStep lontoiooniLQaci.;;  ,. 

IkOLoad 

1.5 
1.0 
9 

350 
350 

fJLS 

V/m-s 

ns 
ns 

OUTPUT 
Voltage  Output  Configuration 
Bipolar  Range 
PUQiut  Current 
C^^t  Impedai^,  „v 
Short  Circuit  Duration 

Bipolar  Range  (±30%) 
Output  Impedance  (±30%) 

±2.88                  ±3.0            r  ±3.12 

±8 

.O.lf,---   1    .  ■ 

In4^teW  QamnoB  . 

±L0  ■         ■•  u.- 
1.7 

V 

tnA 

n  . 

.    .     .  'jh 

!  .■-  mA 
kn 

POWER  SUPPLY 

Vnlta(?p 

+Vl  and  +Vs 

-Vs  , 

4.75  5.25 
-5.25                          c.  -4.75 

V 

V     ,■  . 

TEMPERATURE  RANGE  ' 
Specification 

Operation                                 i  ^'  '.'    •'  • 
Storage                 ■        '       ;  ' 

0                     ■•'■'*TS'  +70 
-66                    '  ■  +100 

°c           ■  ■ 

"C       ■   ■  ■  ■ 

WARMUPTIME 

Spediicatioiis  subject  to  chfliige'^th<nit  notice. 
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Min                   Typ  Max 

Units 

RESOLUTION  ■ 

16 

Bits 

TOTAL  HARMONIC  ©KWORTION  +  NOISE 
0  dB,  990.5  Hz 

ATMOtlKT  T    D  T 

AUlojlN-J,  K-J 

AD1851N,  R 
-20  dB.  990.5  Hz      SV'i'-;:              . ., 

AD1851N-J,  R-J 

AD1851N,  R 
-60  dB,  990.5  Hz 

AJJ1oj1N-J,  K-J  j^'.yj.. 

AD1851N,  R                .      .    ..  _ 

 :  ,  

n  AA3                        n  ntiA 
0.004  0.008 

0.009  0.016 
0.009  Qjm 

,1    -  ■  I: "  -■■                    '  I'  - '1  K-  "-^f  <y_^'  ■ 
AO                                       1  £. 

u.y  l.O 
0.9,  4.0 

0/ 
70 

% 

% 
% 

OA. 
% 

-60dB,  990.5  HzAD1851N,  R  " 

ADi85iN^Ki^;:  ^';;;^v.' 

'.1!  may*"':  .^i.'-  ^•i'-  -  yii  ij.iioai^'O-      !■-■  :■; 

88 

dB 

SIGNAL-TO-NOISE  RATIO 

107  110 

dB 

MAXIMUM  CLOCK  INPUT  FREQUENCY 

12.5 

MHz 

ACCURACY 
Differential  Linearity  Error 

±0.001 

%  of  FSR 

MONOTONICITY 

14 

Bits 

POWERSU^Y     —  —   

Cunent 
+1 
-I 

Power  DiMii^tiQa. 

10.0  13.0 
-10.0  -15.0 
100 

mA 
mA 
mW 

ftD1861 

Min                 Typ               ?  Max 

Units 

RESOLUTION 

' ; '.  18 

Bits 

TOTAL  HARMC»ll^ij!l^ElUtm>N  +  NOISE 
OdB,  990.5  Hz 
AD1861N-],  R-J 

AD1861N,  R                           ^ J 
-20  dB,  990.5  Hz 

AD1861N-J,  R-J 

AD1861N,  R 
-60  dB,  990.5  Hz 

AD1861N-J,  R-J 

AD1861N,  R 

0.003  0.004 
0.004            '  0.008 

0.009  0.016 
0.009  0.040 

0.9  V; 
0.9  4.0 

% 
% 

% 
% 

% 

D-RANGE*  (With  A-Weight  FUter) 
-60  dB,  990.5  Hz  AD1861N,  R 

AD186IN-J,  R-J 

88 
96 

dB 

dB 

SIGNAL-TO-NOISE  RATIO 

107  110 

dB 

MAXIMUM  CLOCK  INPUT  FREQUENCY 

13.5 

MHz 

ACCURACY 

Differential  Linearity  Error 

±0.001 

%  of  FSR 

MONOTONICITY 

15 

Bits 

POWER  SUH'LY              -              -  . 
Cunent 

+1 
-I 

Power  Dissipation 

10.0                 laiii.  JL 

-10.0  9mL 

100          ■            "  - 

mA 
mA 
mW 

•Tested  in  accordance  with  EIAJ  Test  Standard  CP-307. 
Specifications  subject  to  "§^|5|^^<fo^- 
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Vt,  to  DGND   .  0  V  to  6.50  V 

Vj  to  AGND  OVto  6.50  V 

-Vs  to  AGND  -6.50  V  to  0  V 

Digital  Inputs  to  DGND  -0.3  V  to  Vl 

AGND  to  DGND   ,'^.-<  ±0.3  V 

Short  Circuit  l> .  .  .  .  Indefinite 'SiMrt  to  Ground 

Soldering  +300°C,  10  sec 

Storage  Temperature  -60°C  to  +100°C 

^Stresses  greater  than  those  listed  under  "Absolute  Maximum  Ratings"  may 
cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and 
functional  operation  of  the  device  at  these  or  any  other  condhiqns  above  those 
indicated  in  the  operatioiial  seeksBn  of  this  sped&ea^Bot^-h  not  inqilied. 
Exposure  to  absolute  maziiiittt  iDfiig  cdndilidns  liC  iStaaded  pSiSffi^may 
affect  deyice  reliability. 


1 

-Vs 

ANALOG  NEGATIVE  POWER  SUPPLY 

2 

DGND 

LOGIC  GROUND 

3 

Vl 

LOGIC  POSITIVE  POWER  SUPPLY  . 

4 

NC 

NO  CONNECTION                   ,  ;s 

5 

CLK 

CLOCK  INPUT 

6 

LE 

LATCH  ENABLE  INPUT 

't 

7 

DATA 

SERIAL  DATA  INPUT  ' 

't' 

8 

NC 

NO  INTERNAL  CONNECTIONS  i: 

9 

VouT 

VOLTAGE  OUTPUT 

10 

Rf 

FEEDBACK  RESISTOR  ■ 

i  A 

11 

SJ 

SUMMING  JUNCTION 

12 

AGND 

ANALOG  GROUND  ' 

13 

'out 

CURRENT  OUTPUT 

14 

MSB  ADJ 

MSB  ADJUSTMENT  TERMINAL 

15 

TRIM 

MSB  TRIMMING  POTENTIOMETER  TERMINAL 

16 

Vs 

ANALOG  POSITIVE  POWER  SUPPLY 

•PIN  8  HAS  NO  INTERNAL  CONNECTION:  -Vi  FROM  A01SE6  OR  A01MO 
SOCKET  CAN  BE  SAFELY  APPUED. 


CALrtfl«N  .  —  _  

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  luS^bdnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  Be  stored  iia  icc^dUcIive  foam  of  ^unts.  The  protective  fi)im 
should  be  diw"h;iagi»d-t»  the  desiiaation  socket-  before  devices  ate-insened.  .  
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Typical  Performance 


ORDERING  GUIDE 


Model 

Resolution 

THD+N 

Package 
Option* 

AD1851N 

16  Bits 

0.008% 

N-16 

AD1851N-J 

16  Bits 

,  0.004% 

N-t6 

AD1851R 

16  Bits 

0.008% 

Rrl6A 

AD1851R-J 

16  Bits 

0.004% 

R-16A 

AD1861N 

18  Bits 

0.008% 

N-16 

AD1861N-J 

18  Bits 

0.004% 

N-16 

AD1861R 

18  Bits 

0.008% 

R-16A 

AD1861R-J 

18  Bits 

0.004% 

R-16A 

*N  =  Plastic  DIP  Package;  R  =  Small  Outline  (SOIC)  Package. 
For  outlme  iafWAiliiian  see  Fadage  Infennation  sedion. 
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TOTAL  HARMONIC  DISTORTION 

Total  harmonic  distortion  plus  noise  (THD+N)  is  defined  as 
the  ratio  of  the  square  root  of  the  stun  of  the  squares  of  the  val- 
ues of  the  first  19  harmonics  and  noise  to  the  value  of  the  fun- 
damental input  frequency.  It  is  usually  expressed  in  percent 
(%). 

THD+N  is  a  measure  of  the  magnitude  and  distribution  of  lin- 
earity error,  differential  linearity  error,  quantization  error  and 
noise.  The  distribution  of  these  etiors  may  be  different,  depend- 
ing on  the  amplitude  of  the  output  signal.  Therefore,  to  be  most 
useful,  THD+N  should  be  ;j5ped&d  for  both  lar^  (0  dB)  and 
small  signal  amplitudes  (-20  dB  and  -60  dB). 

The  THD+N  figure  of  an  audio  DAC  represents  the  amount  of 
undesirable  signal  produced  during  reconstruction  and  playback 
of  an  audio  waveform.  This  spediiciition,  therefore,  provides  a 
direct  method  to  classify  and  choose  an  audio  DAC  for  a  desired 
level  of  performance.  '  | 

SETTLING  TIME 

Settling  time  is  the  time  required  for  the  output  of  the  DAC  to 
reach  and  remaiii  within  a'  specified  error  band  about  its  final 
value,  measured  from  the  digital  input  tranation.  It  is  a  primary 
measure  of  dynamic  perfoCTii^s^,   .  .,  mgV.A  v 

MIDSCALE  ERROR 

Midsc^ierror,  or  bipolar  zero  error,  is  the  deviation  of  the  ac- 
tual ai^og  output  from  the  ide^  output  (Q  V>  when  the  2s  com- 
plement input  code  representing  lialf  scd^  is  k)a#d  Wilbe.  idpat 

register.  v-,   i  .  .-,;i.--jt     .     ,r  ir,,  .  ■ 

D-RANGE  DISTORTION 

D-range  distortion  is  equal  to  the  value  of  the  total  harmonic 
distortion  +  noise  (THD  +  N)  plus  60  dB  when  a  signal  level  of 
—  60  dB  below  full  scale  is  reproduced.  D-range  is  tested  with  a 
1  kHz  input  sine  wave.  This  is  measured  with  a  standard  A- 
weight  filter  as  specified  by  EIAJ  Standard  CP-307. 

SIGNAL-TO-NOISE  RATIO 

The  signal-to-noise  ratio  (SNR)  is  defined  as  the  ratio  of  the  am- 
plitude of  the  output  when  a  full-scale  output  is  present  to  the 
amplitude  of  the  output  with  no  signal  present.  This  is  mea- 
sured with  a  standard  A-w^}it  filter  as  specified  by  HIAJ 
Standard  CP-307.  "  "    '     "    '  '  V  ■ 
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Figure  1.  AD18S1/AD1861  FuttoH^n^  Mdt  Diagram 

FUNCTIONAL  DESCRDPTION 

The  AD18S1/AD1861  is  a  complete  monolithic  PCM  audio 
DAC.  No  additional  external  components  are  required  for  oper- 
ation. As  shown  in  Figure  1  above,  each  chip  contains  a  voltage 
reference,  an  output  amplifier,  a  DAC,  an  input  latch  and  a  par- 
allel input  register. 

The  voltage  reference  consists  of  a  bandgap  circuit  and  buffer 
amplifier.  This  combination  of  elements  produces  a  reference 
voltage  that  is  unaffected  by  changes  in  temperature  and  age. 
The  DAC  output  voltage,  which  is  derived  from  the  refer^ce 
voltage,  is  also  unaffected  by  these  environmental  changes. 

The  output  amplifier  uses  both  MOS  and  bipolar  devices  to  pro- 
duce tow  offset,  high  slew  rate  and  optimum  settling  time. 
When  combined  with  the  on-chip  feedback  resistor,  the  output 
op  amp  converts  the  output  current  of  the  AD1851/AD1861  to  a 
voltage  output. 

The  DAC  uses  a  combination  of  segmented  decoder  and  R-2R 
architecture  to  achieve  consistent  linearity  and  differential 
linearity.  The  resistors  which  form  the  ladder  structure  are  fab- 
ricated with  siUcon  chromium  thin  film.  Laser-trimming  of 
these  resistors  fiirther  reduces  linearity  error,  resulting  in  low 
output  distortion. 

The  input  register  and  serial-to-parallel  converter  are  fabri- 
cated with  CMOS  logic  gates.  These  gates  allow  the  achievement 
of  fast  switching  speeds  and  low  power  consumption.  This 
contributes  to  the  overall  low  power  dissipation  of  the 
AD1851/AD1861. 
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AD1851/AD1861 


Analog  Circuit  Considerations 

GROUNDING  RECOMMENDATIONS 

The  AD1851/AD1861  has  two  ground  pins,  designated  Analog 
and  Digital  ground.  The  analog  ground  pin  is  the  "high  qual- 
ity" ground  reference  point  for  the  device.  The  analog  ground 
pin  should  be  connected  to  the  analog  common  point  in  the 
system.  The  imiiMtoid  sfao^d  also  be  comiected  to  ^ua  same 
point.  .  • 

The  digital  ground  pin  returns  ground  current  from  the  digicd 
logic  portions  of  the  AD18S1/AD1861  circuitry.  This  pin  should 
be  connected  to  the  digital  common  point  in  the  syston. 

As  illustrated  in  Figure  2,  tfaeaoalqi  an^  ^gtaSrgpsda^  ^»nU 
be  connected  tc^etber  at  one  pomt  in  the  syst^. 


♦  5V 


+5V 


'  Ihgitai. 


Figure  2.  Recommended  Circuit  Schematic 

POWER  SUPPLIES  AND  DECOUPLING 

The  AD18S1/AD1S61  has  three  power  supply  input  pins.  The 
±Vs  supplies  provide  the  supply  voltages  to  operate  the  linear 
portions  of  the  DAG  including  the  voltage  reference,  output  am- 
plifier and  control  amplifier.  The  ±Vs  supplies  are  designed  to 
operate  at  ±5  V. 

The  +Vl  supply  operates  the  digital  portions  of  the  chip  includ 
ing  the  input  shift  register  and  the  input  latching  circuitry.  The 
+  Vl  supply  is  designed  to  operate  at  +5  V. 

Decoupling  capacitors  should  be  used  on  all  power  supply  pins. 
Furthermore,  good  engineering  practice  suggests  that  these  ca- 
pacitors be  placed  as  close  as  possible  to  the  package  pins  as 
well  as  to  the  common  points.  The  logic  supply,  +Vl,  should 
be  decoupled  to  digital  common,  while  the  analog  supplies, 
±Vs,  should  be  decoupled  to  analog  common. 

The  use  of  three  separate  power  supplies  will  reduce  feed- 
through  from  the  digital  portion  of  the  system  to  the  linear  por- 
tion of  the  system,  thus  contributing  to  improved  performance. 


However,  three  separate  voltage  supplies  are  not  necessary  for 
good  circuit  performance.  For  example.  Figure  3  illustrates  a 
system  where  only  a  single  positive  and  a  single  negative  supply 

are  available. 

In  this  example,  the  positive  logic  and  positive  analog  supphes 
must  both  be  cormected  to  +5  V,  while  the  negative  analog  sup- 
ply will  be  connected  to  —5  V.  Performance  would  benefit  from 
a  measure  of  isolation  between  the  supplies  introduced  by  using 
simple  low  pass  filters  in  the  individual  power  supply  leads.  ' 


DIGITAL 
GROUND  — 


ANALOG 
GROUND 


Figurv  3.  Alternate  Recotffnienddd  Sctiematic 

As  With  most  linear  circuits,  changes  in  the  power  supplies  will 
affect  the  output  of  the  DAC.  Analog  Devices  recommends  that 
well  regulated  power  supplies  with  less  than  1%  ripple  be  incor- 
porated into  the  design  of  any  system  using  the  AD  185 1/ 
AD1861. 

OPTIONAL  MSB  ADJUSTMENT 

Use  of  an  optional  adjustment  circuit  allows  residual  differential 
linearity  error  around  midscale  to  be  eliminated.  This  error  is 
especially  important  when  low  amphtude  signals  are  being  re- 
produced. In  those  cases,  as  the  signal  amplitude  decreases,  the 
ratio  of  the  midscale  differential  linearity  error  to  the  signal  am- 
plitude increases,  thereby  increasing  THD. 

Therefore,  for  best  performance  at  low  output  levels,  the  op- 
tional MSB  adjust  circuitry  shown  in  Figure  4  may  be  used  to 
improve  performance.  The  adjustment  should  be  made  with  a 
smaU  s#iM'iiipuft-2i)  ffl' or ,!  ';' 


TRIM    470kS2   lOOkli  200kli 

®  ' 


MSB 
ADJUST 


Figure  4.  Optiortal  THD  Adjust  Circuit 
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AD18S1  DIGITAL  CIRCUIT  CONSIDERATIONS 
AD1851  Iivnt  DaU 

Data  is  ttansmitied  to  the  ADI8S1  in  a  bit  stream  composed  of 
16-bit  woids  with  a  serial,  MSB  first  format.  Three  signals  must 
be  present  to  achieve  proper  operation.  They  are  the  Data, 
Qock  and  Latch  Enable  (LE)  signals.  Input  data  bits  are 
clocked  into  the  input  register  on  the  rising  edge  of  the  Clock 
signal.  The  LSB  is  clocked  in  on  the  16th  clock  pulse.  When  all 
data  bits  are  loaded,  a  low-going  Latch  Enable  pulse  updates  the 
DAC  input.  Figure  S  illustrates  the  general  signal  requirements 
for  datt  tmufer  to  tl^  ADISSJ^  - 


ADI861  DIGITAL  CIRCUIT  CONSIDERATIONS 
AD1861  Input  Data 

Data  is  transmitted  to  the  ADI861  in  a  bit  stream  composed  of; -v. 
18-bit  words  with  a  serial,  MSB  first  format.  Three  signals  must 
be  present  to  achieve  proper  operation.  They  are  the  Data, 
Clock  and  Latch  Enable  (LE)  signals.  Input  data  bits  are 
clocked  into  the  input  register  on  the  rising  edge  of  the  Clock 
signal.  The  LSB  is  clocked  in  on  the  18th  clock  pulse.  When  all 
data  bits  are  loaded,  a  low-going  Latch  Enable  pulse  updates  the 
DAC  input.  Figure  7  illustrates  the'gendRiri^Dal  icquiiemoits 
for  data  transfer  to  the  AD1861. 


I 


c'-oc'^  liuinmnjiruinnnjinniL 


Figures.  SigtiMM^gtl^mKm^tor 


c^ocK  ijmrinjinAJiajmiiniuiJirL 


LATCH 


FiguTB  7.  Signal  ftequirementg  tof  Ji^lSBI 


Figure  6  illustrates  the  specific  timing  requirements  that  must 
be  met  in  order  for  the  data  transfer  to  be  accomplished  prop- 
erly. The  input  pins  of  the  AD  1851  are  both  TTL  and  5  V 
CMOS  compatible.  The  input  requirements  illustrated  in  Fig- 
ures  S  and  6  are  compatible  with  data  outputs  provided  by  pop- 
ular DSP  filter  chips  used  in  digital  audio  playback  systems. 
The  AD18S1  input  dock  can  run  at  a  12.S  MHz  rue.  This 
dock  rate  will  allow  daty  transfer  rates  for  2x,  4x  <»  8x  or 


INTERNAL  DAC  INPUT  REGISTER 
UPDATED  WITH  ie  MOST  RECENT  BITS 


i^gnic  8^i«tis9tas  it^  ^edSc  dmisg  requirements  that  must 
be  met  in  order  for  the  data  transfer  to  be  accomplished  prop- 
erly. The  input  pins  of  the  AD1861  ate  both  TTL  and  S  V 
CMOS  compatible.  The  input  requirements  illustrated  in  Fig- 
ures 7  and  8  are  compatible  with  data  outputs  provided  by  pop- 
ubr  DSP  filter  chips  used  m  digital  audio  playback  systems. 
The  AD1861  input  dock  can  run  at  a      ilBSg  rate.  This 
dock  rate  will  allow  data  transfer,  rams  1^  t>t)  4x  oi  8x  or 
16  X  oversampling  recon^BCtiQip.. 


Figure  &  Timing  Relationshipe  e^AXfW^^niM-^jfnale  ■'■      figui^.'  ThnHtg  WMonahips  ofAD1861  Input  Signals 
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APPUCATIONS 

Figures  9  thfiiugh'  12  Show  connection  diagrams  for  the  AD18SI 
and  AD1861  and  the  Yamaha  YM3434  and  the  >n>C 
SM58IMWAPT  d^fflter  dujii. 


X1        ST  16/18 


f  -.-f.'-j  :  5.      .    -I"  js^tf^ga'amiteJ  wfi*  Vamahfl  YM3434  Digital  Filter 

■        :i  -  s       Oi  iv'      \      ■      Iff*  lOt  rjl-:<    :■:  V...f   ■  ; 
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Rgure  11.  AJJiaSI  with  NPC  SMS813AP/APT  Digital  Filar 


Figure  12.  ADimi  with  NPC  SMB813AP/APT  Digital  Biter 
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mSimtrTQ^NALOe  CONVERTERS 


ANALOG 
DEVICES 


16-Bit 
PCM  Audio  DAC 


FEATURES 

o.oo2s%  Vhd 

Fast  Sstding  Permits  2x,  4xj>r  8x  OyersamplinB^. 
±3V  Output 

Optional  Trim  Allows  Superiinear  Performanca 

±5V  to  ±  12V  Operation 

16-Pin  Plastic  DIP  or  SOIC  Package 

Serial  Input 

APPLICATIONS 
Compact  Disc  Players 
Digital  Audio  Amplifiers, 
DAT  Recorders  and  Player$ 
SynthesiziBrs  and  Keyboards 

PRODUCT  pfSGRIPnoN;.  ' 

Tlie  AD1856  is  a  monolithic  iVbit  PCM  Audip  DAC.  Eacli  de- 
vice provides  a  voltage  output.-aipplifier,  16-bit  DAC,  16-bit 
serial-to>paiaUel  input  re^ster  Jind  voltage  reference.  The  d%ital 
portion  of  the  AD18S6  is  fabricated  with  CMOS' logic  elements 
that  are  provided  by  Analog  Devices'  BiMOS  11  process.  The 
analog  portioq<of  the  AD1856  is  fabricated  wifh'bipolar  and 
MOS  devices  as  well  as  thin  film  resistors.  ' 

This  combination  of  circuit  elements,  as  well  as  careful  design 
and  layout  techniques,  results  in  high  performance  audio  play- 
back. Laser  trimming  of  the  linearity  error  affords  extremely 
low  total  hiirmonic  distortion.  An  optional  linearity  trim  pin  is 
provided  to  allbw  residual  differential  linearity  error  at  midscale 
to  be  eliminated.  This  feature  is  particularly  valuable  for  low 
distortion  reconstructions  of  low  amplitude  signals.  Output 
glitch  is  also  small  contributing  to  the  overall  high  levehaf  "per^ 
formance.  The  output  amplifier  achieves  fast  settling  and  high 
slew  rates,  providing  a  full  ±  3V  signal  at  load  currents  up  to 
8mA.  The  ou^t  amplifier  is  shon  circuit  protected  and  can 
withstand  ind^^tie  shorts  to  groimd.  ,^ 

The  serial  input  interface  consists  of  the  dock,  data  add 'Utch 
enable  pins.  The  serial  2s  complement  data  word  is  clocked  into 
the  DAC,  MSB  furst,  by  the  external  data  dodt.  The  latch  en- 
able signal  transfers  the  input  word  from  the  internal  serial  in- 
put register  to  the  parallel  DAC  input  register.  The  input  clock 
can  support  a  lOMHz  clock  rate.  This  serial  input  port  is  com- 
patible with  popular  digital  filter  chips  used  in  consumer  audio 
products.  These  filters  operate  at  oversamplingf  i^tes  of  2x,  4x 
and  8  x  sampling  frequency.  . 


REFERENCE 

law 

■out  DAC 

is-arriwuT  ui(nm 

16-BIT  SERIAL-T04U(RAUEL 
CONVERSION 


CUKK  LE 


iiii  i.'T:  JV^!  - 


The  AD1856  can  operate  wifh  ±5V  to  ±12V  pai^ef  snpjiii'es 
I  making  it  suitable  fpr^^fij      portable  and  home-use  markets. 
'  The  digital  supplies,  Vi,.ami;^-Vi^,.can  be  separated  from  the 
analog  suppliK,     and  -Vg,  for  reduced  digitid  ctossialk.'  Sep'  ' 
arate  analog  and  digital  ground  pins  are  also,{»Qyide<^  (i  ~y.    ' ' 

Power  dissipation  is  llOmW  typical  with  ±SV  suppIi^'-jiJd-iS'a 
typical  300mW  when  ±  12V  supplies  are  used.  ^  i 

I  The  AD1856  is  packaged  in  a  16-pin  plastic  DIP  or  SOIC  pade-'' 
age  and  incorporates  the  industry-standard  pinout.  Operati<itj  is 
guaranteed  over  the  temperature  range  of  — 25°C  to  -f70"'C  and 
over  the  voltage  supply  range  of  ±4.75  to  ±  13.2V. 

PRODUCT  HIGHLIGHTS 

1.  Total  harmonic  distortion  is  100%  tested. 

2.  MSB  trim  feature  allows  superiinear  operation. 

3.  The  AD  1856  operates  with  ±5V  to  ±12V  supplies. 

4.  Serial  interface  is  compatible  with  digital  filter  chips. 

'  S.  l.Sfis  settling  time  permits  2x,  4x  and  &>:.0Yef8a^liiig. 

6.  No  external  components  are  required;  ..i: 

7.  96dB  dynamic  range. 

8.  ±3V  or  ±lmA  output  capability. 

9.  16-bit  resolution. 

10.  2s  complement  serial  ii^t  words.        ,        ,'   '    ".'  . 

11.  Low  cost. 

'  12.  16-pin  plastic  DIP  or  SOIC  package. 
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RESOLUTI9H^  J 

16 

Bits 

—  -     —          -  — 

VlH 

v 

ViL   - 

T .      \7      —  V- 
'IH>'IH~  ^l. 

T    V    —n  A. 

A 

41-  —  — 

A  SI 

 .  _  U.o 

V  1 
V 

f  A/  ■ 

Clock  Input  Frequency 

10 

1  A 
— 1A 

|iA 

^^^ 

MHz 

ACCURACY 

Gain  Error 

% 

Bipolar  Zero  Error 

±30  .■ 

mV 

Differential  Linearity  Error 

Noise  (rms,  20Hz  to  20kHz)  @  Bipolar  Zero 

z:u»uui  £  Qaj>rt&*<  JIUV  lO  ^ 

0 

%  of  FSR 
M.V 

TOTAL  HARMONIC  DISTORTION  t 

1'-  ■ 

OdB,  990.SHZ 

AD1856N-K,  R-K 
AD1856N-J,  R-J 

0.002  0.0025 
0.002  0.004 

%    ,  -  - 
% 

AD1856N,  R 

0.002  0.008 

%  ■ 

-20dB,  990.SHZ 

AD1856N-K,  R-K 

0.018  0.020 

AD1856N-J,  R-J 

n  Ai Q                 n  HAn 
U.Ulo  U.U4U 

%  '' ' ■" 

AD1856N,  R 

0.018  0.040 

% 

-60dB,  990.5Hz 

AD1856N-K,  R-K 

1.8  2.0 

% 

AD1856N-J,  R-J 
AD1856N,R 

1.8  4.0 

1.8                4.0  ^  ' 

%         '  ■ 
%  ' 

iWONOTONICITY 

15 

Bits 

DRIFT  (0  to +70X) 
Total  Drift                                          ,  , 
Bipolar  Zero  Drift  ,.  

:     ■  ±25 
±4 

ppm  of  FSR/°C 
ppm  of  FSR/°C 

SETTLING  TIA(E  (to  .*<)J)06%  of  FSR)   , .  , 

Voltage  Output       .  '.,         6V  Step          .  l, 

■  ',,        -  ,.                ILSBStep  '' 
;         Slew  Rate         ,  ■. 
Cunent  Ouqmt                   1mA  Step  lOn  to'l'Obh'Load 

1.5 
1.0 
9 

350 

(IS 

M-s 

V/jis 
ns 

Ikil  Load       ,,  ,  .     ,  ,  , 

350 

ns 

WARM-UPTIME               .  1 

1 

min 

OUTPUT  n 

Voltage  Output  Configuiatioii 
Bipolar  Range 
Output  Current 
Output  Impedance 
Short  Circuit  Duration 

±3 

±8  '"'^  '•'  -  ■■■■>'■'■; 

0.1 

Inde&mte  to  Common 

V 

mA 

n 

Current  Output  Configuration 
Bipolar  Range  (±30%) 
Output  Impedance  (±30%) 

iiciiui' »  1  : — -i — — 

1.0 
1.7 

mA  1 
kfl 

POWER  SUPPLY 

Voluge,  +Vl  and  +Vs 
Voltage,  -Vl  and  -Vg 

Current,  +1,  V,  and  Vs  =  +5V,  lOMHz  Clock 

4.75 
-13.2 

5  13.2 
-5  -4.75 
10  ,15 

V 
V 

mA 

Current,  -I,  -V,  and  -Vc  = 

-5V,  lOMHz  Clock 

-12                -15  , 

mA          >  :; 

Current,  +1,  V,  and  Vs  =  +12V,  lOMHz  Qock 

12 

mA 

Current,  -I,  -Vl  and  -Vj  = 

-12V,  lOMHz  Qock 

-15 

mA 

POWER  DISSIPATION 

Vs  and  Vl  =  ±5V,  lOMHz  Clock 

110  150 

mW 

Vs  and  Vl  =  ±  12V,  lOMHz  Clock 

135 

mW 

TEMPERATURE  RANGE 

Specification 

0 

+70 

°C 

Operation 
Storage 

-25 
-60 

+70 
+  100 

°C 

°c 

Speciiications  subject  to  change  withaiu  notice. 

Srwifiniriwiii  Awm  in  hnliWirr  me  mad  on  dl  prodankm  mia  n  final  tat. 


AD1856 


ABSOLUTE  MAXIMUM  RATDIGS* 

Vl  to  DGND   0  to  13.2V 

Vs  to  AGND  0  to  13.2V 

-Vl  to  DGND  -13.2  to  OV 

-Vs  to  AGND  -13.2  to  OV 

Digital  Inputs  to  DGND   -0.3  to  Vl 

AGND  to  DGND  ±0.3V 

Short  Circuit  Protection  Indefinite  Short  to  Ground 

CONNECTION  DIAGRAM 


Soldaiiig  v  .  V  / .  .  .  W  f'i  .  :  ; .  .  .  v  .  .  .  .  +300^,>10sec' 
Storage  Tenipeiatuie' .  .  .  .  ;  .   -60^  «6  WOO^ 


•Stresses  greater  than  those  listed  under  "Absolute  Maximum  Ratings"  may 
cause  permanent  damage  to  the  device.  This  is  a  stress  ratiiig  only  and  fimc- 
tional  operation  of  the  device  at  these  or  any  other. con^^t^ons.jflxEnfp.  those 
indicated  in  the  operational  section  of  tliis  specificatitm'is  niit  jiitplibd.,^- 


posure  to  absolute'  iimimiini  rating  conditicns  for  oraided'penDas  tta^' 
affect  device  reliability.  '  :  "  ;         .v    ■  i:  ' 

PIN  DESIGNATIONS 


Pin 

Function 

Description 

1 

-Vs 

Analog  Negative  Power  Supply 

2 

DGND 

Digital  Ground 

3 

Vl 

Logic  Positive  Power  Supply 

4 

NC 

No  Connection 

5 

CLK 

Dau  Clock  Input 

6 

LE 

Latch  Enable  Input 

7 

DATA 

Serial  Data  Input                    .  ^^  .  ,^ 

8 

-Vl 

Logic  Negative  Power  Supply 

9 

Votrr  Z^' 

V(dtage  Output 

10 

Rf 

Feedback  Resistor 

11 

SJ 

Stunming  Junction 

12 

AGND 

Analog  Ground 

13 

Current  Output 

14 

MSB  ADJ 

MSB  Adjustment  Terminal 

15 

TRIM 

MSB  Trimming  Potentiometer  Terminal 

16 

Vs 

Analog  Positive  Power  Supply 

CAUTION  

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  rnust  be  stored  in  conductive  foam  or  shimts.  The  protective  foam 
dould'lx  ^sduirge^'ti)  die  dcsmiiition  scin^tt  bfaCore  devices  a^^  insected. 
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TOTAL  HARMONIC  DISTORTION 

Total  Hanqonic  Distortion  (THD)  is  defined  as  the  ratio  of  the 
square  root  of  the  suniiCjE  ^  sqmres  of  the  values  Qf,  tjie  har- 
monics to  ibe.  v^iis  ^^£^wiime^  img!^^^qm>fm^, 
e^ressed  in  peicoit  (%)  or  dedbeis  (dB). 

THD  is  a  measure  of  the  magnitude  and  distribution  of  line&iy 
error  and  differential  linearity  error.  The  distribution  of  these 
errors  may  be  different,  depending  ion  the  amplitude  (tf  the  out- 
put signal.  Therefore,  to  be  most  useful,  THD  Should  be  ^ped- 
fled  for  both  large  wdsttudlsiKuffM^wd^':^ 

SETTLING  TIME 

Settling  Time  is  the.  time  required  for  th^  output  :V>  .K9ch  and ' 
retrain  wit^  a  8{>ecified  erT<K,totd,9lMiKi|Si6)4'V3¥es^mra^^ 
ured  from  the  digital  input  fltvisttipKirlt  is  4>e  Senary  meas;ire 
of  dynamic  performance.  I  v  ■      ^       ,  r.  ,  '         ,  :b 

DYNAMIC  RANGE  ■    ■  .  . 

Dynamic  Range  is  the  specification  that  indicates  the  ratio  the 
smallest  si^ral  the  ooavertar  can  reaolve  to  tiie  Iwgest  signal  it  13 
able  to  pnxlBeie^  Mi  WlSlk  it  is  usually  cs|»essed  in  decibels 


(dB).  The  theoretical  dynamic  range  of  an  n-bit  converter  is  ap- 
proximately (6xn)  dB.  In  the  case  of  the  16-bit  ADlg56,  that  is 
96dB.  The  actual  dynamic  range  of  a  converter  is  less  than  the 
theoretical  value  due  to  litnitations  imposed  by  noise  and  Quanti- 
zation and  other  errors. 

BIPOLAR  ZERO  ERROR 

Bipolar  Zero  Error  is  the  deviation  in  the  actual  analog  mitpat 
from  the  ideal  output  (OV)  when  the  2s  coinplement  ijliput  code 
representing  half  scale  (all  Os)  is  loaded  in  the  input  register. 

DIFPERprriAL  LINEARITY  ERROR 

Differential  Linearity  Error  is  the  measure  of  the  variation  in 
analog  value,  normalized  to  full  scale,  associated  with  a  ILSB 
change  in  the  digital  input.  Monotonic  behavior  requires  that 
the  differential  linearity  error  not  exceed  ILSB  in  the  negative 
direction. 

..    r  -siU  ij.-i". j^i,  iMimi.i-:      r  a;r 

A  D/A  converter  is  monoKnic  if  tfa^  0a|pnt  cAh^  increases  or 
remmns  constant  as  the  distal  iiqitt  &iraeaara. 
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FUNcmytiAL-foscsanoti   

Tlie  .ADlgS6  ii  a  complete,  monolithic  16-bit  PCM  audio  DAC. 
No  additional  external  components  are  required  for  operation. 
As  shown  in  the  block  diagram,  each  chip  contains  a  voltage 
reference,  an  output  amplifier,  a  16-bit  DAC,  a  16-bit  input 
latch  and  a  16-bit  serial-to-parallel  input  register. 

The  voltage  reference  consists  of  a  bandgap  circuit  and  buffer 
amplifier.  This  circuitry  produces  an  output  voltage  that  is 
stable  over  time  and  temperature  changes. 

The  16-bit  D/A  converter  uses  a  combination  of  segmented  de- 
coder and  R-2R  architectures  to  achieve  consistent  linearity  and 
differential  linearity.  The  resistors  which  form  the  ladder  struc- 
titte  are  fabricated  with  silicon-chromium  thin  film.  Laser  trim- 
ming of  these  resistors  further  reduces  linearity  error 
resulting  in  low  output  distortion. 

The  output  amplifier  uses  both  MOS  and  bipolar  devices  to 
produce  low  offset,  high  slew-rate  and  optimum  settling  time. 
When  combined  with  the  on-board  feedback  resistor,  the  output 
op  amp  can  conven  the  output  current  of  the  AD1856  to  a  volt- 
age output. 

ANALOG  CIRCUIT  CONSIDERATIONS 

GROUNDING  RECOMMENDATIONS 

The  AD1856  has  two  ground  pins,  designated  ANALOG  and 
DIGITAL  ground.  The  analog  groimd  pin  is  the  "high  quality" 
ground  reference  point  for  the  device.  The  analog  ground  pin 
should  be  connected  to  the  analog  common  point  in  the  system. 
The  output  load  should  UlSti     connected  to  that  same  point. 

The  digital  ground  pin  remms  groimd  current  from  the  digital 
logic  portions  of  the  AD  1856  circuitry.  This  pin  should  be  con- 
nected to  the  digital  common  point  in  the  syst^n. 

As  illustrated  in  Figure  1,  the  analog  and  digital  grounds  should 
be,  C(HB|jXted  together  at  one  point  in  the  system. 
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Figure  1.  Recommended  Circuit  Schematic 

POWER  SUPPLIES  AND  DECOUPLING 

The  AD1856  has  four  power  supply  input  pins.  ±Vs  provide 
the  supply  voltages  to  operate  the  linear  portions  of  the  DAC 
including  the  voltage  reference,  output  amplifier  and  control 
amplifier.  The  ±Vs  supplies  are  designed  to  operate  from  ±5V 

to  ±12V.  ;  ■■■■ 

The  ±Vi,  supplies  operate  the  digital  portions  of  the  chip  in- 
dndmg  the  it^nit  shift  register  and  the  input  ^i^^mjg  <aij:\iit[y,j^. 


The  ±Vt.  supplies  are  alsodesi^ied  to  <q>eFa»-ftcm  ±SV  to  -  ' 
±I2V  subject  only  to  ^bcVfffSl^ff^flk'^kSmS  not  be  nxncA 

negative  than  —  Vj. 

Decoupling  capacitors  should  be  used  on  all  power  supply  pins. 
Furthermore,  good  engineering  practice  suggests  that  these  ca- 
pacitors be  placed  as  close  as  possible  to  the  package  pins  as 
well  as  the  common  points.  The  logic  supplies,  ±Vl,  should  be 
decoupled  to  digital  and  the  analog  supplies,  ±Vg, 

should  be  decoupled  i  jii  i-  common. 

The  use  of  four  separate  power  supplies  will  reduce  feedthrough 
from  the  digital  portion  of  the  system  to  the  linear  portions  of 
die  qrstem,  thus  contiibnling^  to  good  performance.  However, 
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figui4'2.  jAUerMtei  fkeoimne^led  S^SShtatic 

four  separate  voltage  supplies  are  not  necessary  for  good  circuit 
performance.  For  example,  Figure  2  illustrates  a  system  where 
only  a  single  positive  and  a  single  negative  supply  are  available.  ^ 
Given  that  these  two  supplies  are  within  the  range  of  ±  5  V  to 
±12V,  they  may  be  used  to  power  the  AD1856.  In  this  case,  the; 
positive  logic  and  positive  analog  supplies  may  both  be  con- 
nected to  the  single  positive  supply.  The  negative  logic  and 
negative  analog  supplies  may  both  be  connected  to  the  single 
negative  supply.  Performance  would  benefit  from  a  measure  of 
isolation  between  the  supplies  introduced  by  using  simple  low- 
pass  filters  in  the  individual  power  supply  leads. 

As  with  most  linear  circuits,  changes  in  the  power  supplies  will 
affect  the  output  of  the  DAC.  Analog  Devices  recommends  that 
well  regulated  power  suppUes  with  less  than  1%  ripple  be  incor- 
poTitfcd'inint^a^aijs^    any  system  using  these  devices. 

TOTAL  HARMONIC  DISTORTION 

The  THD  figure  of  an  audio  DAC  represents  the  amount  of 
undesirable  signal  produced  during  reconstruction  and  playback 
of  an  audio  waveform.  The  THD  specification,  therefore,  pro- 
vides a  direct  method  to.pla^ify  imd  jdbLmsf^^  ipdio,I}iVC  for^rt 
desired  level  of  performance. 

Analog  Devices  tests  and  grades  all  AD1856s  on  the  basis  of 
THD  performance.  A  block  diagram  of  the  test  setup  is  shown 
in  Figure  3.  In  this  test  setup,  a  digital  data  stream,  represent- 
ing a  Odb,  -20dB  or  -60dB  sine  wave  is  sent  to  the  device  un- 
der test.  The  frequency  of  this  waveform  is  990.5Hz.  Input  data 
is  sent  to  die  AD1856  at  a  4xFs  rate  (176.4kHz).  The  AD1856 
under  test  produces  an  analog  output  signal  whh  tBi;  da^boattf ' 
op'mnp;  -  ■  y'--'  '  ''■;!i::'i*u^.^c  -_-it     ..-i-i...^.'   .n.      '  : 

-  I-.-.;.:-  -.^r!  dt  .,1  »,r.  , nm\mtmm*t>  I  'IMIM 

i.j  :ii        jjt,(3  \'    :  !i  tj  11  ^obsr:  c  cA  .i;-^:--  It]    .  side 
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Figure  s.  Block  Pttgram  of  Distortion  Test  Circuit 


The  automatic  test  equipment  digitizes  4096  samples  of  the  out- 
put test  waveform,  incorporating  23  complete  cycles  of  the  sine 
wave.  A  4096  point  FFT  is  performed  on  the  results  of  the  test. 
Based  on  the  first  9  harmonics  of  the  fundamental  990. SHz  out- 
put wave,  the  total  harmonic  distortion  of  the  device  is  calcu- 
lated. Neither  a  deglitcher  nor  an  MSB  trim  is  used  during  the 
THDtest.  ■  '■■ 

The  circuit  design,  layout  and  manufacturing  techniques  em- 
ployed in  the  production  of  the  AD18S6  result  in  excdknt 
THD  performance.  Figure  4  shows  the  typical  unadjusted  THD 
performance  of  the  AD1856  for  various  amplitudes  of  a  IkHz 
output  signal.  As  can  be  seen,  the  AD1856  offers  excel^tfl^^ , 
formance,  even  at  ampUtudes  as  low  as  —  60dB.  Figure  5  illiis- 
trates  the  typical  THD  vs.  frequency  performance. 
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l^sf  itB  #dQD^  adinstBiincfiiQitit  allows  fcftidiial  dfiSbtcfiiiafc' 
linearity  ertofs  aroQod  midscate  to  be  eliMaiated:  These 
are  especially  importadt  when  low  amplitude  signals  aie^be^ '  ' 
reproduced.  In  those  casesj  as  the  signal  amplitude  decKases, 
the  ratio  of  diemid^cale  dififeraitial  lineaa^  ector  K»  the  8i9iat> 
amplimde  increases  and  THDfjAciei^.       '  -'    '    ' '  :    n   - 1. 

Therefore,  for  best  performance  at  low  output  levels,  the  op- 
tional MSB  adjust  circuitry  shown  in  Figiu'e  6  may  be  used. 
This  circuit  allows  the  differential  linearity  error  at  midscale  to 
be  zeroed  out.  However,  no  adjustments  are  required  to  meet 
data  sheet  specifications. 


Figure  4.  Typical  Unadjus^d  THD  vs.  Amplitude 
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Input  Data 

Data  is  tnmsmitted  to  the  AD18S6  in  a  bit  strea^»:C(iiB|»wd  of 
16-bit  wdds  with  a  serial,  MSB  fiist  foimat.  Three  si^ials  must 
be  present  to  achieve  proper  operation:  the  Data,  Clock  and 
Latch  Enable  signals.  Input  data  bits  are  docked  into  dw.input 
raster  on  the  rising  edge  of  the  Clock  signal.  The  LSB  is 
clocked  in  on  the  16th,^ck  fmlte.  ^ 
loaded,  a  low-goingXi<^J)Dl£^  jnlwiiipdates  the  DAC  input. 
Figure  7  illustratea.  thg  gnuTal  s^gad^eq^iedie^is  for  dan  „  , 
trantfa  for  the  AD18S6.  '         !  i  '  o 
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Figure  7.  Signal  Requirements  of  AD1856 

Figure  8  provides  the  specific  timing  requirements  that  must  be 
met  in  order  for  the  data  transfer  to  be  accomplished  properly. 


MTEHNAL  DAC  INPUT  REGISTER  / 
UPDATED  WITH  16  HOST  RECENT  BITS 


figure  8.  Timing  Relationships  of  Input  Signals 

The  input  pins  of  the  AD1856  are  both  TTL  and  5V  CMOS 
compatible,  independent  of  power  supply  voltages  used. 

The  input  requirements  illustrated  in  Figures  7  and  8  are  com- 
patible with  the  data  outputs  provided  by  popular  DSP  filter 
chips  used  in  digital  audio  playback  systems.  The  AD1836  input 
clock  can  run  at  a  lOMHz  rate.  This  dock  rate  will  allow  data 
transfer  rates  for  2x,  4x. or  8x  ovenamplmg  leconstiucticmv 
The  wpiicatios  section,  of  tl^  data  sheet  comuiis  additional  <- 
guidf»  for  using. dte  AD18S6  witbimtitaiiiDSFf fiMr  ^dps  avaib 
able  fiom  Sony,  NFC  and  Yamaha. '  '     v  ■  . 

APPLICATIONS  OF  THE  AD18S6  PCM  AUDIO  DAC 

The  AD18S6  is  a  versatile  digital-to-analog  converter  designed 
for  applications  in  consumer  digital  audio  equipment.  Portable, 
car  and  home  compact  disc  player,  digital  audio-amplifier  and 
DAT  systems  can  all  use  the  AD1856.  Various  circuit  architec- 
tures are  popular  in  these  systems.  They  include  stereo  playback 
sections  featuring  one  DAC  per  system,  one  DAC  per  audio 
channel  (left/right)  or  even  multiple  DACs  per  channel.  Further- 
more, these  architectures  use  different  output  reconstruction 
rates  to  accomplish  these  functions  including  reproduction  at  tlie 
sample  rate  Fs  (Ix),  at  twice  the  sample  rate  (2xFs),  at  four 
times  the  sample  rate  (4xFs)  and  even  at  eight  times  the  sample 
rate  (8xFs).  Fg  is  44.1kHz  for  CD  and  48kHz  for  DAT 
applications. 


-One  DAG  pra  System^      -  -  ' 

Figure  9  shows  a  circuit  using  one  AD18S6  per  system  to  opto- 
duce  bodi  stereo  chaimels  of  a  typical  first  generation  digital 


Figure  9.  AD18S6  In  a  One  DAC  per  Syst^rrl  Architecture 


audio  system.  The  input  data  is  fed  to  the  AD1856  in  a  format 
which  alternates  between  left  channel  data  and  right  channel 
data.  The  output  of  the  AD1856  is  switched  between  the  left 
channel  and  right  channel  output  sample/hold  amplifiers 
(SHAs).  The  SHAs  demultiplex  and  deglitch  the  output  of  the 
AD1856.  The  timing  diagram  for  the  control  signals  for  this  cir- 
cuit is  shown  in  Figtire  10. 

The  architecture  illustrated  in  Figiue  9  is  suitable  for  low-end 
home  or  portable  systems.  However,  its  usefulness  in  mid-  or 
high-end  digital  audio  reproduction  is  limited  by  the  phase  delay 
which  is  introduced  in  the  multiplexed  output.  This  phase  delay 
is  due  to  the  fact  that  the  information  contained  in  the  input  bit 
stream  represents  left  and  right  channel  audio  sampled  simulta- 
neously but  reconstructed  alternately.  One  obvious  solution  to 
this  problem  may  be  arrived  at  by  incorporating  a  third,  nonin- 
verting  SHA  to  delay  the  output  of  one  channel  to  "catch  up 
to"  the  other  channel.  This  eliminates  the  phase  shift  by  restor- 
ing simultaneous  reproduction.  This  solution  is  illustrated  in 
I^afte'Tfc--'-  
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TiQum  10.  Gbnirol  Signals  for  One  DAC  CircUit 
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Figure  1 1.  Third  SHA  Eliminates  Phase  Delay 
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One  DAC  per  Channel 

Another  approach  used  to  eliminate  phase  delay  between  left 
and  right  channels  employs  one  DAC  per  channel.  In  this  archi- 
tecture, the  input  data  bit  streams  for  the  left  channel  and  the 
right  channel  are  simultaneously  sent  and  latched  into  each 
DAC.  This  "second  generation"  approach,  shown  in  Figure  12, 
is  suitable  for  higher  performance  digital-audio  playback  units. 

Two  DACs  per  Channel  (Four  DAC  System) 
Another  architecture  uses  two  DACs  per  channel.  In  this 
scheme,  shown  in  Figure  13,  each  DAC  reproduces  one  half  of 
the  output  waveform.  The  advantage  obtained  is  that  midscale 
differential  linearity  error  no  longer  effects  the  zero-crossing 
points  of  the  waveforms.  Its  effects  are  shifted  to  the  points 
where  the  output  waveform  crosses  ±3/4  full  scale.  The  result  is 
that  THD  performance  for  low  amplitude  signals  is  greatly 
improved.  Not  shown  in  Figure  13  is  a  VLSI  circuit  required  to 
separate  the  incoimiig  data  into  dw  appn^iine  fona  required 
by  each  DAC. 


Figure  13.  Two  DACs  per  Channel  Eliminate  Midscale 
Distortion  from  the  Zero-Crossing  Points 

DIGITAL  FILTERING  AND  OVERSAMFLING 

Oversampling  is  a  term  which  refers  to  playbadc  techniques  in 
which  the  reconstruction  frequency  used  is  an  int^ral  (2  or 
more)  multiple  of  the  original  quantized  data  rate.  For  example, 
in  compact  disc  stereo  digital  audio  playback  units,  the  original 
quantized  data  sample  rate  is  44.1kHz.  Popular  oversampling 
rates  are  2x  or  4x      yielding  reconstruction  rates  of  88.2  and 
176.4kHz,  respectively. 

Oversampling  is  used  to  ease  the  performance  constraints  of  die 
low-pass  fflters  winch  usually  follow  the  reconstruction  DAC-  & 
any  signal  reconstructed  firom  sampled  data,  unwanted 
frequency  components  are  introduced  in  the  output  spectrum; 
these  componetti  loe  jgenMeii  f$  the  reconstruction  ficequency . 


AD1856 


When  a  44.1kHz  reconstruction  frequency  is  used,  the  actual 
frequency  band  of  interest  is  20Hz  to  20kHz,  and  the  band  of 
vmwanted  "image"  frequency  components  extends  from 
44.1kHz  to  approximately  24kHz  and  from  44.1kHz  to  64kHz. 
These  imwanted  components  must  be  removed  with  a  low-pass 
filter  of  very  high  order.  First  generation  digital  audio  systems 
often  use  low-pass  filters  of  9,  11  and  even  13  poles.  Linear 
implementations  of  these  filters  are  expensive,  difficult  to  manu- 
facture and  can  produce  distortion  due  to  varying  group  delay 
characteristics. 

When  a  2x  reconstruction  frequency  (88.2kHz)  is  used,  the 
lowest  imwanted  frequency  components  now  extend  down  to 
approximately  68kHz.  A  4x  rate  (176.4kH2)  has  unwanted 
components  extending  down  to  approximately  156kHz.  The  fil- 
ter response  needed  to  remove  these  frequency  components  can 
now  be  less  steep.  This  means  that  a  lower  order  filter  may  be 
used  resulting  in  less  distortion  at  lower  cost.  Linear  filters  with 
3  or  5  poles  are  adequate  to  do  the  job  and  are  quite  common  in 
digital  audio  products  employing  oversampling  techniques. 

Oversampling  techniques  require  that  the  serial  input  data 
stream  run  at  the  same  integral  multiple  of  the  original  data 
rate.  So,  while  the  constraints  on  the  output  low-pass  filter  are 
eased,  the  constraints  on  the  serial  digital  input  port  and  the 
settling  time  of  the  output  stage  are  not. 

The  actual  oversampling  operation  takes  place  in  the  digital  fil- 
ter chip  which  is  located  "upstream"  from  the  DAC.  The  digital 
filter  accepts  data  from  the  media  and  adds  the  additional  recon- 
struction points  according  to  the  algorithm  and  coefficients 
stored  in  the  filter  chip.  Since  the  digital  filters  actiuilly  interpo- 
late these  additional  reconstruction  pa^i,  &ef  have  earned  the 
name  "interpolation  filters." 

The  ADI8S6  is  compatible  with  p<q>ular  digital  filter  chips  used 
in  digital  audio  pteOacts  sack  as  the  NFC  SMS8Q7,  NFC 
SMS80S,  Yamaha  TM3414,  and  Sony  CXDtm 
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Figure  14.  NPC  SMSSO?  and  ADiaS6  Interface 

DUAL  DAC,  4x  Fs  OVERSAMPLING  ARCHITECTURE 

Figiu'e  14  illustrates  the  use  of  an  NPC  digital  filter  chip  with 
two  AD1856  audio  DACs.  This  scheme  achieves  four  times 
oversampling  reconstruction  with  a  dedicated  DAC  per  channel. 
In  this  example  of  a  typical  compact  disc  player  application,  the 
digital  filter  chip  accepts  serial  input  words  from  the  digital 
decoder/processor  at  a  44.1kHz  sample  rate.  Through  the  use  of 
oversampling,  the  SMS807  transmits  data  to  the  two  DACs  at  a 
WMi^      lie  veM.^M_  ii««t'<htt«.i«..«^fltt  «f  .iiK 
'^S^  t^B  to  die  sa^'tilpM^  of  ^  i^ASk.  %A-it»ai6iA>imi. 
right  channel  data  are  sent  alternately  down  the  same  wire.  The 
Left/Ri^  Channel  Output  signal,  LRCO  and  two  logic  gates 
demultiplex  the  data  dock  signals  from  BCKOb  in  this  exmnple. 
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the  BCKO  rate  is  192  xFj.  However,  a  196xFs  clock  can  be 
used  if  SCSL  is  wired  to  a  logic  zero.  Finally,  left  and  right 
channel  deglitching  signals  are  provided.  At  the  user's  option, 
these  signals  may  be  used  to  control  external  sample-hold  ampli- 
fiers in  order  to  obtain  optimal  performance. 

ACHIEVING  8x  Fs  OVERSAMPLING  WITH  AD18S6S 
AND  YAMAHA  YM3414 

Figure  IS  illustrates  the  combination  of  a  Yamaha  YM3414  digi- 
tal filter  chip  and  two  AD18S6  audio  DACs.  In  this  scheme,  the 
use  of  a  16. 9344MHz  clock  allows  an  8  times  oversampling  rate 
for  extremely  high  performance.  In  addition,  a  lower-order  low- 
pass  filter  may  be  used  without  sacrificing  performance.  The 
I>AC  mput  data  is  simultaneously  transmitted  to  the  input  regis- 


ters of  the  DACs  through  dedicated  left  and  right  channel  out- 
put pins  on  the  YM3414.  As  before,  optional  sample/hold  , 
signals  are  provided. 
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ORDERING  GUIDE 


Model 

THD  @  FS 

Package  Option* 

AD1856N,  R 
AD1856N-J,  R-J 
AD1856N-K,  R-K 

0.008% 
0.004% 
0.0025% 

N-16,  R-16A 
N-16,  R-16A 
N-16,  R-16A 

»N  =  Plastic  DIP;  R  = 
Packag&IiifoniUDon  sc 

Small  Outline  IC.  For  outline  infonnation  see 
ccion. 
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FEATURES 

0.002%  THD  +  Noise 

Fast  Settling  Permits  8x  Oversampling 

±3V  Output 

Optional  Trim  Allows  Superlinear  Performance 
±5V  to  ±12V  Operation 

16-Pin  Plastic  DIP  and  SOIC  Packages     

Industry  Standard  Pinout 
2s  Complement,  Serial  Input 

APPUCATIONS 

Higli  End  Compact  Disc  Players 
Digital  Audio  Amplifiers 
DAT  Recorders  and  Players 
SynthesizMt  and  KeyboliSb  ?  n 

PRODUCT  DESCRIPTION 

The  AD1860  is  a  monolithic  18-bit  PCM  Audio  DAC.  Each  de- 
vice provides  a  voltage  output  amplifier,  18-bit  DAC,  18-bit  se- 
rial to  parallel  input  register  and  voltage  reference.  The  digital 
portion  of  the  AD  1860  is  fabricated  with  CMOS  logic  elements 
that  are  provided  by  Analog  Devices'  BiMOS  II  process.  The 
analog  portion  of  the  AD1860  is  fabricated  with  bipolar  and 
MOS  devices  as  well  as  thin  film  resistors. 

This  combination  of  circuit  elements,  as  well  as  careful  design 
and  layout  techniques,  results  in  high  performance  audio  play- 
back. Laser  trimming  of  the  linearity  error  affords  extremely 
low  total  harmonic  distortion.  An  optional  linearity  trim  pin  is 
provided  to  allow  residual  differential  linearity  error  at  midscale 
to  be  eliminated.  This  feature  is  particularly  valuable  for  low 
distortion  reproductions  of  low  amplitude  signals.  Output  glitch 
is  also  small  contributing  to  the  overall  high  level  of  perfor- 
mance. The  output  amplifier  achieves  fast  settling  and  high  slew 
rates,  providing  a  fiill  ±3V  signal  at  load  currents  up  to  8mA. 
When  used  in  current  ou^t  mode,^:^,AI>186l^,9)99ifiJss  a 
±lmA  output  signal.  The  output  amplifier  is  short  circuit  pro- 
tected and  can  withstand  indefinite  shorts  to  ground. 

The  serial  input  interface  consists  of  the  clock,  data  and  latch 
enable  pins.  The  serial  2s  complement  data  word  is  clocked  into 
the  DAC,  MSB  first,  by  the  external  data  clock.  The  latch  en- 
able signal  transfers  the  input  word  from  the  internal  serial  in- 
put register  to  the  parallel  DAC  input  register.  The  input  clock 
can  support  a  12.SMHz  data  rate.  This  serial  input  port  is  com- 
patible with  second  generation  digital  filter  chips  used  in  con- 
sumer audio  products.  These  filters  operate  at  oversampling 
rates  of  2x,  4x  and  8x  sampling  frequencies.  .. 
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The  AD 1860  can  operate  with  ±5V  to  ±  12V  power  supplies 
making  it  suitable  for  both  the  portable  and  home  uS^  markets. 
The  digital  supplies,  V^,  and  -  V^,,  can  be  separated  from  diie 
analog  supplies,  Vg  and'^^^$,.for  reduced  digial  crosstalk. 
Separate  analog  and  digital  ground  pins  are  also  provided. 

Power  dissipation  is  1  lOmW  typical  with  ±  5V  supplies  and  is 
225mW  typical  when  -I-5V/-12V  supplies  are  used. 

The  AD1860  is  available  in  either  a  16-pin  plastic  DIP  or  a  16- 
pin  plastic  SOIC  surface  mount  package.  Operation  is  guaran- 
teed over  the  temperature  range  of  — 25°C  to  -t-70°C  and  over 
the  voltage  supply  range  of  ±4.75  to  ±  13.2V. 

PRODUCT  HIGHLIGHTS  ' 

1.  18-bit  resolution  provides  108dB  dynamic  range. 

2.  No  external  components  ate  required. 

3.  Operates  with  ±5V  to  ±12V  supplies. 

4.  16-pin  DIP  or  space  saving  SOIC  package. 

5.  llOmW  power  dissipation. 

6.  l.S|is  settling  time  permits  2x,  4x  and  8x  oversampling. 

7.  ±3V  or  ±lmA  output  capability. 

8.  THD  -I-  Noise  is  100%  tested. 
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DIGITAL  INPUTS  V,„ 

I   IiHs  Vr 

Clock  Input  Frequency 


=  0.4 


ACCURACY 
Gain  Error 

Midscale  Output  Voltage 
Differential  Linearity  Error 


TOTAL  HARMONIC  DISTORTION  +  NOISE 


OdB,  990.SHZ 


-20aB,  990.5Hz 


-60dB,  990.5Hz 


AD1860N-K,  R-K 
AD1860N-J,  R-J 
AD1860N,  R 
AD1860N-K,  R-K 
AD1860N-J,  R-J 
AD1860N,  R 
AD1860N-K,  R-K 
AD1860N-J,  R-J 
AD1860N,  R 


SIGNAL  TO  NOISE  RATIO  (A-Weight  Filter) 


DRIFT  (0  to  -H70°C)- . 
To^JDrift  n 
Bipolar  Zero  Drift 


SETTLING  TIME  (to  ±0.m5%  U.^Kf'^  '  ' 
Voltage  Output,  6V  Step       "     '  " 
i  ^,  ILSB  Step 

Slew  Rate 

Current  Output  ImA  Step  lOfl  to  lOOfl  Load 
Ikn  Load 


MONOTONICITY 


OUTPUT 
Voltage  Output  Configniatimi 

Bipolar  Range 
Output  Current 
Output  Impedance 
Short  Circuit  Duration 
Current  Output  Configuration 
Bipolar  Range  (±30%) 
Output  Impedance  (±30%) 


POWER  SUPPLY  .  .         ,,.r^,^  ..r- ..  .... 

Voltage   Vl  and  Vj 

Voltage    -Vl  and  -Vg 

Current    -M,  Vl  and  Vs  =  5V,  lOMHz  Clock 

-I,  -Vl  and  -Vs=  -5V,  lOMHz  Clock 
Current    + 1,  Vl  and  Vs  =  12V,  lOMHz  Clock 

-I,  -Vl  and  -Vs=  -12V,  lOMHz  Clock 
Current    -H,  Vl  and  -l-Vs  =  -H5V,  lOMHz  Clock 

-I,  -Vl  and  -Vs  =  -12V,  lOMHz  Clock 


POWER  DISSIPATION 
Vs  and  Vl=  ±5V,  lOMHz  Clock 
Vs  and  Vl=  ±12V,  lOMHz  Qock 


Min 


Typ 


Max 


18 


2.0 


+Vi. 
0.8 
JLO. 
-10 


±2.0 
:*30 
±0.001 


102 


0.002 

0.0025 

% 

0.002 

0.004 

% 

0.004 

0.008 

% 

0.006 

0.020 

% 

0.010 

0.020 

% 

0.010 

0.040 

% 

0.9 

% 

0.9 

2.0 

% 

0.9 

4.0 

% 

108 

dB 

t25 
t4 


1.5 
I.O 
9 

350 
350 


15 


±2.8 

±8 


±3.0 

±1.0 
1.7 


±3.12 


4.75 
-13.2 


10.0 

-     ■•  12.0 
'"  10.5 

.i3;5... 

10 
14 


13.2 

V 

-4.75 

V 

13.0 

mA 

-15.0 

mA 

mA 

mA 

mA 

mA 

no 

288 
318 


Units 


Bits 


V 
V 

mA 

\xA 
MHz 


% 

mV 

%ofFSR 


.-ui  - 


ppm  of  FSR/°C 
ppm  of  FSR/°C 


(IS 

jJLS 

V/|xs 

ns 

ns 


Bits 


V 

mA 

n 


mA 

kn 


mW 
mW 
mW 
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Min     _         Typ  Max 

Units 

TEMPERATURE  RANGE 
Specification 

%!ome                      'T-   ■;. 

0                -  +25        ■        +70  ■ 
^25'         ■         -'    •■    '  ■    +70  ■ '  "■■ 

-  *c  '■' 
-.i::.°c::'Ll  -I 

WARMUP  TIME 

1 

Blin 

Specifications  subject  to  change  without  notice. 


ABSOLUTE  MAXIMUM  RATINGS* 

Vl  to  DONE),  i  :  .  .  .  b  to  13.2V 

Vs  to  AGND   .  0  to  13.2V 

-Vl  to  DGND  ,  ■.  -13.2  to  OV 

-Vs  to  AGND  -13.2  toOV 

Digital  Inputs  to  DGND  -6'.3  to  Vl 

AGND  to  DGND   ;  i  ±  0.3V 

Short  Circuit  :  .  .Indefinite  Short  to  Ground 

Soldering  ....  v     .'   +3dp°C,  l^c 

Storage  Temperature  -eCC  to  +  lci6°C 

Note 

•Stresses  greater  than  those  listed  under  "Absolute  Maximum  Ratings"  may 
cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  func- 
tional operation  of  the  device  at  these  or  any  other  conditions  above  those 
indicat^  in  tt^e  operatipnal  sectiqii  of  this  specification  iS;  not  implied. 
Exposure  to  absolute  maximiun  rating  conditions  for  extended  periods  may 
affect  device  reBiWl^.   - 


-60dB 

-20dB 

-OdB 
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TUB  vs.  Tempe  rature 
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Power  Dissipation  vs.  Clocl<  Frequency 
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Power  Dissipation  vs.  Supply  Voltages 
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CAUTION  gal  aiL  

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  foam 
should  be  dischgrged  to  thc^istmation  socket  before  devices  jig  insered.  


-Vs 
DGND 
Vl 
NC 
CLK 

DATA 


E- 
E- 
E 


18BIT 
LATCH 


5ZE 


SERIAL 
INPUT 
REGISTER 


TIL 


CONTROL 
LOGIC 


AD1860 


18-BIT 
DAC 


PIN  ASSIGNMENTS 


Functional  Block  Diagram 
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ORDERING  GUIDE 


Model 

THD  @  FS 

Package  (^tion* 

AD1860N 

0.008% 

N-16 

AD1860R 

0.008% 

R-I6A 

AD1860N-J 

0.004% 

N-16 

AD1860R-J 

0.004% 

R-16A 

AD1860N-K 

0.0025% 

N-16 

AD1860R-K 

0.0025% 

R-16A 

*N  =  Plastic  DIP;  R  =  SmaU  Outline  IC  (Surface  Mount  Package).  For  out- 
line iDformatkm  8ee;Package  Inforauoiaii  aeciioa.  | 
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Definition  of  Specifications— AD1 860 


TOTAL  HARMONIC  DISTORTION  +  NOISE 

Total  Harmonic  Distortion  plus  Noise  (THD+N)  is  defined  as 
the  ratio  of  the  square  root  of  the  sum  of  the  squares  of  the  val- 
ues of  the  harmonics  and  noise  to  the  value  of  the  fundamental 
input  frequency.  It  is  usually  expressed  in  percent  (%). 

THD+N  is  a  measure  of  the  magnitude  and  distribution  of  lin- 
earity error,  differential  linearity  error,  quantization  error  and 
noise.  The  distribution  of  these  errors  may  be  different,  depend- 
ing on  the  amphtude  of  the  output  signal.  Therefore,  to  be  most 
useful,  THD+N  should  be  specified  for  bedi  laige  and  siii|dl 
signal  amplitudes.  ' 

SETTLING  TIME 

Settling  Time  is  the  time  required  for  the  output  to  reach  and 
remain  within  a  specified  error  band  about  its  fmal  value,  mea- 
sured from  the  digital  input  tHBitiiaB.JtiR.«.prfn^  ( 
of  dynamic  performance.  '  ■ 

DYNAMIC  RANGE 

Dynamic  Range  is  {he  specificiiidon  that  indicates  the  ratio  of  the 
smallest  signal  the  converter  can  resolve  to  the  largest  signal  it  is 
able  to  produce.^ A>  li  taitio,  it  is  usually  ocjpr^ed  in  decibels 
(dBs).  The  diedilelical  dynamic  range  of  an  n-Mt  converter  is 
(6xn)  dB.  In  the  case  of  the  18-lnt  ADIWO,  diat  is  lOgdB. 
The  actual  dynamic  lai^  bf  a  converter    less  than  &e  the(ttet- 
ical  value' due  to  liinitatiiais  intpo^  ^  noise  and  other  errors. 

MIDSCALE  ERROR 

Midscale  Error,  or  bipolar  zero  raror,  is  the  deviation  of  the  ac- 
tual analog  o\jtpW  fwmJlgii^saiSJBWiQMi'ltel  ^f./^  eOT- 
plement  input  code  r^cnentiag  half  sesje  i{>!ki»dc|jljm^;i^ 
register.  ,  ■;  • 

DIFFERENTIAL  LINEARITY  ERROR 

Differential  Linearity  Error  is  the  measure  of  the  variation  in 
analog  value,  normalized  to  full  scale,  associated  with  a  ILSB 
change  in  the  digital  input.  Monotonic  behavior  requires  that 
the  differential  linearity  error  not  exceed  ILSB  in  the  negative 
•iiieptiog^..,  .,:c,,         ;„.  r!. 

MONOTONICITY 

A  D/A  converter  is  monotonic  if  the  output  either  increases  or 
reiiiiunsyeoniti^f  fls  jOie  "digital  in|iitf  increases. 

SIGNM.-TO-NOISE  RATIO  ' 

The  %Bali«i)^Noise  Ratio  is  defined  as  the  ratio  of  the  amph- 
tude of  die  output  -tk^  a  fidNcale  output  ptesoit  ts  die  ampli- 
tude of  lilt  output '«iheB  DO  signal  is  present.  This  is  measured 
mth  ittstaitdacd  A-^9Mghi!^fiffiic;'^       i;vi~  ,s>   '  n  -     o  -j 

■^'^fl'■V       CBio'  >i,  Vjm.:;:;.;,   „fV    1-511 -I  .ni'  -i^'  'j 
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j  AD  f 860  Block  Diagram 

FUNCTIONAL  DESCRIPTION 

The  AD1860  is  a  complete  monolithic  18-bit  PCiW  Audio  DAC. 
No  additional  external  components  are  required  for  operation. 
As  shown  in  the  block  diagram,  each  chip  contains  a  voltage 
reference,  an  output  amplifier,  an  18-bit  DAC,  an  18-bit  input 
latch  and  an  18-bit  serial  to  parallel  input  register. 

The  voltage  reference  consists  of  a  bandgap  circuit  and  bu£Era. 
ampUfier.  This  combination  of  elements  produces  a  reference 
voltage  that  is  unaffected  by  changes  in  temperatiure  and  age. 
The  DAC  output  voltags,  which  is  detived.&omithe  reference 
voltage,  is  also  unaffected  by  these  environmental  dianges. 

The  output  amplifier  uses.beth  MOS.  and'Mp!M^ll«Vi$@  mpttlr: 
duce  low^oEfset,  hi^  ^ew  rate  and  optimum  sealing  tme;r'  - , 
Whenoi«nbinwd.igte.'<te  miaiMpMlm^jaimmiibie/f^m-r: 
op  aii9.cimv«l»^;«^^«Hiraif'<if,^AI>U60.to,ft^i|ta«e,:, 
ou^t.  ,     .  •  .ij 

The  18-bit  D/A  converter  uses  a  combination  of  segmented  ^  ' 
coder  and  K.-2R)michiteQiii8  to  achieve  con»stent  lineari^/and  - ; 
differential  Jiflektior-  Tte  retastors  nhii^  foiimdie.ladd»i,s!3eucn 
nueate  fito^^mdiiril^  a^smt  diromiiuuiiJwt^fita-  Laser  .tim»t.; 
mmg  of  diese  resistors  &rtber  reduces  linearity  errtnr  resuMng 
in  low  output  distortion. 

The  input  register  and  serial  to  parallel  converter  are  fabricated 
with  CMOS  logic  gates.  These  gates  allow  the  achievement  of  i 
fast  switching  speeds  and  low  power  consumption.  This  contrib-  . 
utes  to  the  overall  low  power  dissipation  .of  ,  the  AD1860. 
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AD1 860— Analog  Circuit  ConsHMlpi)S. 


GROUNDING  RECOMMENDATIONS 

The  AD1860  has  two  ground  pins,  designated  Analog  and  Digi- 
tal ground.  The  analog  ground  pin  is  the  "high  quality"  ground 
reference  point  for  the  device.  The  analog  ground  pin  should  be 
connected  to  the  analog  common  point  in  the  system.  The  out- 
put load  should  also  be  connected  to  that  same  point. 

The  digital  ground  pin  returns  ground  current  from  the.diBUil 
logic  portions  of  the  AD1860  circuitry.  This  pin  should  be  coB» 
nected  to  the  digital  common  point  in  the  system.  j 

As  illustrated  in  Figure  1,  the  analog  and  (IUpt!dV<><>i>A  >A^l<iU 
-«!Sib<i:  i  be  connected  togethenai  uuc  puim  in  the  system.  --  ■■ 


POWER  SUPRLffiS  AND  DECOUPLING 

The  AD1860  has  fouTpower  supply  input  pins.  ±Vs  {irovtde 
the  siqjply  voltages  to  operate  the  linear  portions  tf-ttuiiDAG 
including  the  vdltagie  reference,  output  amplifier  sUd  eontrol 
amplifier.  The  ±Vs  supplies  are  designed  to  operate  from  ±5V 
to  ±12V. 

The  ±Vl  supplies  operate  the  digital  portions  of  the  chip  in- 
cluding the  input  shift  register  and  the  input  latching  circuitry. 
The  ±Vl  supplies  are' also  designed  to  be  operated  from  ±SV  to 
±12  V  subject  only  to  the  limitation  that  -Vl  may  not  be  more 

negative  than  -V^. 

Decoupling  capacitors  should  be  used  on  all  power  supply  pins. 
Furthermore,  good  engineering  practice  suggests  that  these  ca- 
pacitors be  placed  as  close  as  possible  to  the  package  pins  as 
well  as  the  common  points.  The  logic  supplies,  ±V^,  should  be 
decoupled  to  digital  common;  and  the  analog  supplies,  ^Vg, 
should  be  decoupled  to  analog  common. 

The  use  of  four  separate  power  supplies  will  reduce  feedthrough 
from  the  digital  portion  of  the  system  to  the  linear  portion  of 
the  system,  thus  contributing  to  good  performance.  However, 


four  separate  voltage  supphes  are  not  necessary  for  good  circuit 
performance.  For  example,  Figure  2  illustrates  a  system  where 
only  a  single  positive  and  a  single  negative  supply  are  available. 


-5V 


Figure  2.  Typical  Power  Supply  Sensitivity  '. 

Given  that  these  two  supplies  are  within  the  range  of  ±5V  to 
±  12V,  they  may  be  used  to  power  the  AD1860.  In  this  case, 
the  positive  logic  and  positive  analog  supplies  may  both  be  con- 
nected to  the  single  posidve  supply.  The  negative  logic  and 

negative  mstag  ii#rim#*ar  bofbcfm'mimiis^M'^^meif 

negative  supply.  Poformance  would  benkit  fiom  a  measure  of 
isolation  between  the  supplies  introduced  bj$<as|m  sim{f^:1i>w-  =  > 
pass.filters. is, lb* individual  power  supply  ,.1-;     .  i,' 

As  mth  most  liiiear  circuits,  changes  in  the  power  sup[dies  will '' ' 
affect  the  output  of  thie  DAC '  Anatbg  DMees  recommends  that ' . 
well  regulated  power  supplies  with  less  than  1%  ripple  be  ioceil^  ' 
porated  into  the  design  of  any  system  using  these  devices. 

TOTAL  HARMONIC  DISTORTION -I- NO^  ■  ■  '■ 

The  THD  figure  of  m  audio  DAC  Represents  the  amount  of 
undesirable  signal  produced'dtttu^'t&onstraction  and  playback' 
of  att  audio  wav^orm.  Thc'^TOj'^jWattBM^  tiierefore,  lii<6^  ' 
vides  a  direct  method  to  classify  and  cfidMe  an  audio  DAC  for  a' ' 

desired  level  of  performance. 

By  combining,  noise  measurement  with  THD  measurement,  a 
THD-fN  specification  is  produced.  This  specification  measures 
all  undesirable  signal  produced  by  the  DAC,  including  harmonic 
products  of  the  test  tone  as  well  as  noise. 

Analog  Devices  tests  and  grades  all  AD  1860s  on  the  basis  of 
THD-I-N  performance.  A  block  diagram  of  the  test  setup  is 
shown  in  Figure  3.  In  this  test  setup,  a  digital  data  stream 
representing  a  OdB,  -20dB  or  -60dB  sinewave  is  sent  to  the 
device  imder  test.  The  frequency  of  this  waveform  in  990.5  Hz. 
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Analog  Circuit  Details— AD1 860 
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Figure  3.  Block  Diagram  of  DlstortionTest  Circuit 


Input  data  is  sent  to  the  AD1860  at  a  4xFs  rate  (176.4kHz). 
The  AD  1860  under  test  produces  an  output  signal  with  its 
onboard  op  amp.  The  automatic  test  equipment  digitizes  4096 
samples  of  the  outi>ut  test  waveform,  incorporating  23  complete 
cycles  of  the  sinewave.  A  40%  point  FFT  is  performed  on  the 
results  of  the  test.  Based  on  the  harmonics  of  the  fundamental 
990.5Hz  test  tone  and  the  noise  components,  the  total  harmonic 
distortion  +  noise  of  the  device  is  calculated.  Neither  a  de- 
gUtcher  nor  an  MSB  trim  is  used  during  this  test. 
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The  circuit  design,  layout  and  manufactuiing  tedmiques  em- 
ployed in  the  production  of  the  AD1860  resttffiin  "excellent 
THD  performance.  Figure  4  shows  the  typical  unadjusted  THD 
performance  of  the  AD1860  for  various  amplitudes  and  frequen- 
cies of  output  signals.  As  can  be  seen,  the  AD1860  offers  excel- 
lent perfoimance,  even  at  low  ampliudes. 

OPTIONAL  MSB  ADJUSTMENT 

Use  of  an  optional  adjust  circuitry  allows  residual  differential 
linearity  error  around  midscale  to  be  eliminated.  This  error  is 
especially  important  when  low  amplitude  signals  are  being  re- 
produced. In  those  cases,  as  the  signal  amplitude  decreases,  the 
ratio  of  the  midscale  differential  linearity  error  to  the  signal  am- 
plitude increases,  thereby  increasing  THD. 

Therefore,  for  best  performance  at  low  output  levels,  the  op- 
tional MSB  adjust  circuitry  shown  in  FigUfe  5  nay  be  used  to 
improve  performance. 
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lugurp  5.  Optional  THD  Adjust  Cieaiit 
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Figure  4.  Typical  THD  vs  Frequency 
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Figure  6.  Signal  Requirements  for  AD1860 


DIGITAL  CIRCUIT  CONSIDERATIONS 
Input  Data  — 
Data  is  transmitted  to  the  AD1860  in  a  bit  stream  composed  of 
18-bit  words  with  a  serial,  MSB  Hrst  format.  Three  signals  must 
be  present  to  achieve  proper  operation.  They  are  the  Data, 
Clock  and  Latch  Enable  signals.  Input  data  bits  are  clocked  into 
the  input  register  on  the  rising  edge  of  the  Clock  signal.  The 
LSB  is  clocked  in  on  the  18th  clock  pulse.  When  all  data  bits 
are  loaded,  a  low-going  Latch  Enable  pulse  updates  the  DAC 
input.  Figure  6  illustrates  the  general  signal  requirements  for 
dau  transfer  for  the  AD1$60. 
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Timing 

Figure  7  illustrates  the  specific  timing  requirements  that  must 
be  met  in  order  for  the  data  transfer  to  be  accomplished  prop- 
erly. The  input  pins  of  the  AD  1860  are  both  TTL  and  5V 
CMOS  compatible,  independent  of  the  power  supplies  used. 
The  input  requirements  illustrated  in  Figures  6  and  7  are  com- 
patible with  the  data  outputs  provided  by  popular  DSP  filter 
chips  used  in  digital  audio  playback  systems.  The  AD1860  input 
clock  can  run  at  a  12.5MHz  rate.  This  clock  rate  will  allow  data 
transfer  rates  for  2x,  4x  or  8x  oversampling  reconstruction. 
The  application  section  of  this  datasheet  contains  additional 
guides  for  using  the  AD  1860  with  various  DSP  filter  chips  avails 
able  from  Sony,  NPC  and  Yamaha. 
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Figure  7.  Timing  Relationships  of  Input  Signals 


BITS  CLOCKED 
TO  SHIFT  REGISTER 


REViA 


AD1860 


APPLICATIONS  OF  THE  AD1860  PCM  AUDIO  DAC 

The  AD1860  is  a  versatile  digital-to-analog  converter  designed 
for  applications  in  consumer  digital  audio  equipment.  Portable, 
car  and  home  compact  disc  player,  digital  audio  amplifier  and 
DAT  schemes  can  all  use  the  AD1860.  Various  circuit  architec- 
tures are  popular  in  these  systems.  They  include  stereo  playback 
sections  featuring  one  DAC  per  system,  one  DAC  per  audio 

  _       _  _A 


channel  (left/right)  or  multiple  DACs  per  channel.  Furthermore, 
these  architectures  use  different  output  reconstruction  rates  to 
accomplish  these  functions  including  reproduction  at  the  sample 
rate  Fj  (1  x),  at  twice  the  sample  rate  (2xFs),  at  four  times 
the  sample  rate  (4xF^  and  even  at  eight  times  the  sample  rate 
(8xFs).  Fsjs,44.1kH4te9«dj 


Figure  s.  AD1S60  in  a  One  DAC  per  System  Architecture 
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One  DAC  per  System 

Figure  8  shows  a  circuit  using  one  AD1860  per  system  to  repro- 
duce both  chaimels  of  a  typical  first  generation  stereo  digital 
audio  system.  The  input  data  is  fed  to  the  AD1860  in  a  format 
which  alternates  between  left  channel  data  and  right  chaimel 
data.  The  output  of  the  AD1860  is  switched  between  the  left 
channel  and  right  channel  output  sample/hold  amplifiers 
(SHAs).  The  SHAs  demultiplex  and  deglitch  the  output  of  the 
AD1860.  The  timing  diagram  MlbiiStaliM'^tai  fatfm^- 
cuit  are  shown  in  Figure  9. 

However,  when  only  two  SHAs  are  used,  the  actual  system  per- 
formance is  limited  by  the  phase  delay  introduced  by  the  demul- 
tiplexed format.  This  undesirable  phase  delay  is  caused  by  the 
fact  that  the  data  words  presented  to  the  inputs  of  the  DAC  rep- 
resent samples  taken  at  precisely  the  same  point  in  time.  But 


Figure  9.  Control  Signals  for  One  DAC  Cimtit 


when  reconstructed  and  demultiplexed  by  a  single  DAC,  these 
same  outputs  occur  at  slightly  different  times.  '  i 

By  incotpansii^a  nooinvoting       aitojtbe'Ciicuit,  the  i^ibb^  > 
delay  can' be  fKaiiiBitwIi.riBnFiguie  8,'die'ClpfiQnal  SIM  esauam  • 
that  die  left  dunael  <mqnx  atipears  at -the  samejtime  as  ds 
right  channd  onqrat.  This  minor  change  to  the  dicaiteiimi-  . 
nates  the  artifidally  induced  phase  delay  by  restotii^  nnulta- 
neous  outputs. 

Followiilg  the  outputs  Of  the  SHAs  are  low  pass  filters.  These 
filters  are  reqtiired  in  any  sampled  data  system  to  remove  un- 
wanted aliased  components  introduced  by  the  sample  and  recon- 
struction operations. 

One  DAC  per  Channel 

A  second  approach  used  to  eliminate  phase  delay  between  left 
and  right  chatmels  employs  one  DAC  per  channel.  In  this  archi- 
tecture, the  input  data  bitstream  for  each  channel  is  transmitted 
and  then  latched  into  the  input  register  of  each  DAC.  This  "sec- 
ond gelieradoii''  a^noacb  is  illustrated  in  Figote  10.  A  standard 
implementation  of  a  low  pass  filter  is  shown  at  die  output  of 
each  DAC.  An  optional  sample/hold  amplifier  could  be  con- 
nected between  the  DAGs  and  the  LPFs  to  deglitch  the  outputs. 
This  is  not  leqsiied,  howevn,  to  achieve  the  specified  perfor- 
mance. 

Two  DACs  per  Channel 

Another  architecture  uses  two  DACs  per  channel.  In  this 
scheme  each  DAC  reproduces  one  half  of  the  output  waveform. 
The  advantage  obtained  with  diis  structure  is  that  midscaie  dif- 
toeatial  lifiMQr  mtm  no  longer  affects  die  zoo  crosai^  poina 
(tf  die  wmrifenns.  Its  effects  are  shifted  to  the  poiKU  whsm  the 
output  waveform  crosses  1/2  ±  IM  full  scale.  IJie  riKiie  I^iIm 
THD  performance  for  low  amiditude  si^uds  ia  giMlS^-^ 
proved. 
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DIGITAL  FILTERmC  AND  OVERSAMPLING 

Oveisani^liBg's  altooB  which  refers  to  playback  techniques  in 


which  the  leconsCtilicXKni  firequency  used  is  an  integral  (2  or 
more)  multiple  of  the  original  quantized  data  rate.  For  eirample, 
in  compact  disc  stereo  digital  audio  playl>!«fcii)nitSivtte  (MjgiW ' 
quantized  data  sample  rate  is  44.  IkHz.  Popular  oversa^tfillg 
rates  are  2x  or  4xFs,  yielding  reconstructicm  rates  ofrM^nDAvr 
176.4kHz,  respectively.^ 

QnWampling  i»-use<t«o  atase  ^  perfermance  distraints  of  the 
loir  pastSMI  MM^oUdw  fiie  leiEokia&iiction  DAC.  In  my  .3^ 
sipialiicaBSllaasteddnaisaani^  data,  unwanted  •&eqaency  -^^i 
componraits  aieimtit)diice#^ithe'outpBt  sjwetrpn;  tfaeseicon^r^ 
ponents  are  cemteied  at'itheAE^ns^^Tietioni&eqpenqri .  Wh^  a> 
44.1kHz  reconstruction  frequency  is  used,  the  actual  frequency 
band  of  interest  is  20Hz  to  20kHz,  and  the  band  of  unwanted 
"image"  frequency  components  extends  from  44.1kHz  to 
approximately  24kHz.  These  unwanted  components  must  be 
removed  with  a  low-pass  filter  of  very  high  order.  First  genera- 
tion digital  audio  systems  often  used  low-pass  filters  of  9,  11  and 
even  13  poles.  Linear  implementations  of  these  filters  are  expen- 
sive, difficult  to  manufacture  and  can  produce  distortion  due  to 
varying  group  delay  characteristics. 

When  a  2  X reconstruction  ^equency  (88J2kHz)  is  used,  tbt^.liiw- 
egl;^iequency  coBip^oaits  ^  (f!aiepi,iioi!i^^^ 
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68kHz.  A  4xrate  (176.4kHz)  has  unwanted  components  extend- 
ing dovra  to  approximately  156kHz.  The  filter  response  needed 
to  remove  these  frequency  components  can  now  be  less  steep. 
This  means  that  a  lower  order  filter  may  be  used  resulting  in 
siess  4isK>tti(^'|U  Jowec«p§tv  Linear  filters  with  3  or  S  poles,  as 
shown  in  Figure  10,  are  ^equate  ^  do  the  job  and  are  quite 
common  in  digital  audio  iffodocts  emfkifmtimaBmmi&ifi  ' 
techniques.  i,  .  I 

Oversampling  techniques  require  the  serial  input  data  stream  to 
run  at  the  same  integral  multiple  of  the  original  data  rate.  So, 
while  the  constraints  on  die  output  low-pass  filter  are  eased,  thfe 
constraints  on  the  serial  digital  input  port  and  the  settling  time 
of  the  output  stage  are  not. 

The  actual  oversampling  operation  takes  place  in  the  digital  fil- 
ter chip  (DSP)  which  is  located  "upstream"  from  the  DAC.  The 
digital  filter  accepts  data  from  the  media  and  adds  the  additional 
reconstruction  points  according  to  the  algorithm  and  coefficients 
stored  in  the  filter  chip.  Since  the  digital  filters  actually  interpo- 
late these  additional  reconstruction  points,  they  have  earned  the 
name  "interpolation  filters". 

The  AD  1860  is  compatible  with  popular  digital  filler  chips 
used  in  digital  audio  products  such  as  the  Sony  CXD1088,  the 
Yamaha  YM3434  and  the  NPC  SM5813.  ,, 
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Figure  11  illustrates  the  combination  of  a  second  generation  DAC.  The  digital  filter  chip  provides  18-bit  data  words  to  the 

digital  filter  chip,  the  Sony  CXD1088,  and  the,Api860  audio  DACs  at  4xFs.  Very  high  performance  can  be  achieved. 
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tal  tilter  chip  and  two  AD1860  audio  DACs.  This  combination 
of  components  results  in  8  x     oversampling  reconstruction 
rates.  This  rate  allows  the  use  of  lower  order  output  low  pass 
filters  than  would  be  required  with  lower  oversampling  rates, 
without  sacrificing  performance.  In  this  high  performance  CD 
player  application,  the  DAC  input  data  is  simultaneously  trans- 
nu^n^^tt^JOPUt  r^jpsto?  oLAe£A(^  dufugh  d^cated  left 

-  l^  V?^^ 

+BV  ■  I 

16.9344MHz 


tation  does  not  require  any  external  components  to  achieve  the 
full  108dB  dynamic  range  afforded  by  the  18-bit  AD  1860  audio 
DAC.  As  before,  optional  sample/hold  signals  are  provided. 

Figure  13  shows  the  schematic  for  8xFs  when  two  AD1860s  are 
used  with  an  NPC  SMS 8 BAP/APT  digital  filter  chip.  As  can  be 
seen,  this  application  is  very  similar  to  the  one  shown  in  Figure 
12.  See  Figure  10  for  an  example  of  a  typical ~LPF. 
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Ultralow  Noise 
20-Bit  Audio  DAG 


FEATURES 
119  dB  Signal-to-NoiM  Ratio  . 
102  dB  D-Range  Performance 
±1  dB  Gain  Linearity 
±1  mA  Output  Current 
16-Pin  DIP  Paclcage 
0.0012%  THD  +  N 

APPLICATIONS 

High-Performance  Compact  Disc  Players 
Digital  Audio  Amplifiers  "  ''^ 

Synthesizer  Keyboards 
Digital  Mixing  Consoles 
Higti-Resolution  Signal  Processing 


FUNCTIONAL  BLOCK  DIAGRAM 
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PRODUCT  DESCRIPTION 

The  AD  1862  is  a  monolithic  20-bit  digital  audio  DAG.  Each 
device  provides  a  20-bit  DAC,  20-bit  serial-to-parallel  input 
register  and  voltage  reference.  The  digital  portion  of  the 
AD  1862  is  fabricated  with  CMOS  logic  elements  that  are  pro- 
vided by  Analog  Devices'  BiMOS  II  process.  The  analog  portion 
of  the  AD1862  is  fabricated  with  bipolar  and  MOS  devices  as 
well  as  chin-film  resistors. 

New  design,  layout  and  packaging  techniques  all  combine  to 
produce  extremely  high-performance  audio  playback.  The  de- 
sign of  the  AD  1862  incorporates  a  digital  offset  circuit  which 
improves  low-level  distortion  performance.  Low-stress  packaging 
techniques  are  used  to  minimize  stress-induced  parametric 
shifts.  Stress-sensitive  circuit  elements  are  located  in  die  areas 
which  are  least  affected  by  packaging  stress.  Laser-trimming  of 
initial  Unearity  error  affords  extremely  low  total  harmonic  distor- 
tion. Output  gUtch  is  also  small,  contributing  to  the  overall  high 
level  of  performance. 

The  noise  performance  of  the  AD1862  is  excellent.  When  used 
with  the  recommended  two  external  noise-reduction  capacitors, 
it  achieves  1 19  dB  signal-to-noise  ratio. 

The  serial  input  port  consists  of  the  clock,  data  and  latch  enable 
pins.  A  serial  20-bit,  2s  complement  data  word  is  clocked  into 
the  DAC,  MSB  first,  by  the  external  data  clock.  A  latch-enaMe  ' 
signal  transfers  the  input  word  from  the  internal  serial  input 


register  to  the  DAC  input  register.  The  data  clock  can  function 
at  17  MHz,  allowing  16  x      operation.  The  serial  input  poiTf  is 
compatible  with  second-generation  digital  filter  chips  for  con- 
sumer audio  products  such  as  the  NPC  SMS813  and  SA(S818. 

The  AD1862  operates  with  ±5  V  to  ±  12  V  supplies  for  the  dig- 
ital power  supphes  and  ±  12  V  supplies  for  the  analog  siippties. 
The  digital  and  analog  supplies  can  be  separated  for  reduc^i  ,  \ 
digital  crosstalk.  Separate  analog  and  digital  common  pins  ase  ' 
also  provided.  The  AD1862  typically  dissipates  less  than 
300  mW.   

The  AD1862  is  packaged  in  a  16-pin  fdas^^^'Die  oigBKing 
range  is  guaranteed  to  be  -2S°C  to  +7(rC;; . 
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PRODUCT  HK^IUGHTS 

1.  1 19  dB  signal-to-noise  ratio  (typical) 

2.  102  dB  D-Range  performance  (minimum) 

3.  ±1  dB  gain  linearity  @  -90  dB  amplitude 

4.  20-bit  resolution  provides  120  dB  of  dynamic  range 

5.  16xFs  operation 

6.  0.0012%  THD-I-N  @  0  dB  signal  ampTitude'C^ical) 

7.  Space  saving  16-pin  DIP  padtage 

8.  ±1  ttA  butpiir'eurrent  ' 


•Protected  I9  |L&  mtm*  Nvmbos:  4,349,8113  4,SS7;8ai  4,81^10^ 

mm.  A  aenmr&Am^mmmmits  ^209 


AD1862-SPECIFICATI0NSm 


i^  at  4>li°C  and  ±12  V  supplies,  see  Figure  10  for  test  circuit  schematic) 


Min 

Typ 

Max 

Units 

RESOLUTION  'di-UA 

20 

DIGITAL  INPUTS  V,„  ' 
Im@V,„  =  4.0V 

2.0 

4.0 

0.8 
1.0 

— - 

V 

(jlA 

In.  («  V,i.=  0-4;Xy|Qn3MOT 

Maximum  Clock  Input  Frequency 

17 

-io 

'•l-.iT.i^rvD-. 

(jlA 

MHz 

ACCURACY          -       -  "  

Gain  Error 

Midscale  Output  i.u  ur 

±2 

±2 
±5 

% 

mA 

TOTAL  HARMONIC  DISTOJITION  +  NOKErffilAI)' 

0  dB,        -l^rs^-i  W*^^ 

ADIS^N 
-20  (ffi,  990.5  Hz   AD1862N,  N-J 
-60  ^b;  990.5  Hz  AD1862N,  N-J 
D-Range, -60  Vffl,  A-Weigat.  Filter  {.»] 

m 

-98  (0.0012) 

-94  (0.0019) 
-84  (0.0063) 
-45  (0.56) 

-92  (0.0025) 
-80  (0,01) 
-42  (0,8) 

diB(%) 
dB  (%) 
dB(%) 
dB  (%) 
dB 

SIGNAL-TO-NOISE  RATIO^  (EIAJ)'               ^  '^"^ 
A-Weight  Filter   AD1862N-J                      ;  , 

AD1862N       saercA  pJ 

113 
110 

119 
119 

ier.£;i2  »i.:.'.Ti>' 

dB 
dB 

GAIN  LINEARITY 

@  -90  dB  AD1862N-J 
AD1862N 

±1 
±1 

dB 
dB 

OUTPUT  CURRENT 
Bipolar  Range  " 
Tolerance                                     J*  ejauboiq  o 
Output  Impedance  (±30%) 
Settling  Time 

±1 
±1 
2.1 
350 

±2 

mA 

% 

kn 

ns 

FEEDBACK  RESISTOR 
Value 

Tolerance          a.iiqiiai-'  /ui»,.-t  .j  ..  ii        jp.t  .t.^..'.  j.t,  i 

 ^^-^  —  —  — =  Oftj 

3 

±1 

±2 

kn 

% 

POWER  SUPPLY                                             •  -  or^v,^ 

Voltage  Vg  and  —^^^^^  ot  D'?S-  »d  rt  bsatranm-?  "i  tjw 
Cun^   ■H.Vi.aiKlVs' 12  V,  17AiHzaock 

-I,  -Vl  and  -Vs  =  - 12  Vi  17  MHz  Clock 

'TOT 

12.0 
12.0 

11 
13 

13.2 
13.2 
15 
16 

±v 
±v 

mA 
mA 

POWER  DISSIPATION 
Vl  and  Vj  =  12  V,  -Vl  and  -  Vs  =  -12  V,  17  MHz  Clock 

288 

372 

mW 

TEMPERATURE  RANGE 

Specificati^, ,                          :oiJ.i     ,  :., 

Operation 

Storage 

-25 
-60 

-1-25 

+  70 
+  100 

"C 
°C 
°C 

NOTE  •  I 

'Test  Method  complies  with  EIAJ  Siandard  CP-307v  ^>  . 

^The  signal-to-noise  measurement  includes  none  .c(n]j^lt^n^^,^^§^$^A  ep  anq)  ^|Bd.ip,the  test  &mii«  but  does  not  include,  the  nois^  contributed  by  the 

low  pass  filter  used  in  the  test  fixture.  '  '      '       "      "    '  '  hf'T     i      '  ■      r.     ■    -  .       .  i 

Specifications  in  boldface  are  tested  on  all  production  i^ts  at  final  electrical  test. 
Specifications  subject  to  change  without  notice. 
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Figure  1.  THD+N  vs.  Frequency  Figure  2._Noise  Density 
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/fflSOLUTE  MAXIMUM  RATINGS*   NOTE 

Vt  to  DGND  .  ...  .  .  .  .  .  .  r  .        ^  .»...'**-»  0  to +13.2  V  *Sa:esses  greater  than  those  listed  under  "Absolute  Maximum  Ratings"  may 

—V   tn  nrKn                             '                          -^V  tn  O  V  cause  pennanent  damage  to  the  device.  This  is  a  stress  rating  only  and 

L                  ' '"''*''  ',' "^^--f  functional  operation  of  the  device  at  these  or  any  other  conditions  above  those 

Vg  to  ^jND  ■  0^O-rl3.2V  indicated  in  the  operational  section  of  this  specification  is  not  impHed.  Expo- 

— Vs  to  AGND  ,  —  i3>2  to  0  V  to  at^solute  maximum  rating  conditions  for  extended' pca^odb-^ 

AGND  toDGND                                .  .  . -0.3  to  +0.3  V  aaSce  tefebili^.                                        "  1* 

Digital  Inputs  to  DGNI>.       .       .  .  ^.  ......  -0.3  to  Vl  '   i^i"  1  — T       -  —  -           '  H  rj. 

Soldertpg  •  •  —  •  L;_:jl^-       ^-  ■  ■  -  +300''C,  U)  sec  j          *          1  ' 

StoragejSo^e^te  ..-;"j7r.T7^,..^.T-j,=.i^  r          :                   -      -  . 

CAUTION  

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  imconnected  devices  subject  to  high  energy  electro- 
static fifljfe.  Unijg^  ^i^ys  must  be  stored  in  conductive  foam  or  shunts.  The  protective  foam 
skmilMm^^t^^S^^'i!^A^Si'^^0'W^m»<^^^ii  ate  inserted.  1. 


PEN  CONFIGURATION 


PIN  DESIGNATIONS 


Pill 

Function 

Description 

1 

-Vs 

Bias  Capacitor 

1 

-Vs 

Analog  Negative  Supply 

3 

TRIM 

Trim  Pot  Connection 

4 

+Vi. 

Positive  Logic  Supply 

5 

CLK 

External  Clock  Input 

6 

LE 

Latch  Enable  Input 

7 

D 

Data  Input 

S 

-Vt. 

Negative  Logic  Supply 

DGND 

D^tal  Ground 

10 

Rf 

Feedback  Resistor 

11 

Output  Cmrent 

12 

AGND 

Analog  Ground 

13 

NR, 

Reference  Capacitor 

14 

ADJ 

Alidscale  Adjust 

IS 

Bias  Capacitor 

16 

Positive  Analog  Supply 

ORDERING  GUIDE 


Operating 

Temperature 

Package 

Model 

Range 

THD+N  @  FS 

SNR 

Option* 

AD1862N 

-25°C  to  +70°C 

-92  dB,  0.0025% 

110  dB 

N-16 

AD1862N-J 

-25°C  to  +70°C 

-96  dB,  0.0016% 

113  dB 

N-16 

*N  =  Plastic  DIP.      dutline  iisformation  see  Package  Biformation  secdon. 


wmm  mmmmmmmmsmmmm' 


TOTAL  HARMONIC  DISTORTION  +  NOISE 

Total  Harmonic  Distortion  plus  Noise  (THD+N)  is  defined  as 
tbe  ratio  of  the  square  root  of  the  suni  Of  the  squares  of  the  val- 
ues of  the  hamiohics  and  noise  to  the  value  of  the  fundamental 
input  frequency.  It  is  usually  expressed  in  percent  (%)  or  deci- 
bels (dB). 

D-RANGE  DISTORTION 

D-Rmge  Distortion  is  the  ratio  of  the  signal  amplitude  to  the 
distortion  plus  noise  at  -60  dB.  In  this  case,  an  A-Weight  filter 
is  used.  The  value  specified  for  D-Range  performance  is  the  ra- 
tio measured  plus  60  dB.  '  ' 

SETTLING  TIME 

Settling  Time  is  the  time  required  for  the  output  to  reach  and 
remain  within  ±  1/2  LSB  about  its  final  value,  measured  from 
the  digital  input  transition.  It  is  a  primary  measure  of  dynan^ 
performance  and  is  usually  expressed  in  nanoseconds  (as). 

SIGNAL-TO-NOISE  RATIO 

The  Signal-to-Noise  Ratio  is  defined  as  the  ratio  of  the  ampli- 
tude of  the  output  with  full-scale  present  to  the  amplitude  of  the 
output  when  no  signal  is  present.  It  is  expressed  in  decibels  (<ffl) 
and  measured  using  an  A-Weight  filter. 

GAIN  LINEARITY  -  ' 

Gain  Linearity  is  a  measure  of  the  deviation  of  the  actual  output 
ampUtude  from  the  ideal  output  ampUtudei  Jtiis  determined  by 
measuring  the  aiiipBnile  df  the'  l^^ut  sUd'iais  the  amplitude 
of  that  output  signal  is  digitally  le^^Xtx^m  i^Bw  level.  A  perfect 
D/A  converter  exhibits  no  difference  between  the  ideal  and  ac- 
tual amplitu^^>(^'iii^ti^  ili>^pf^»^  i£  deMMIs  (dB). 

MIDSCALEE^Km- 

Midscale  Error,  or  bipolar  zero  error,  is  the  deviation  of  the  ac- 
tual analog  output  from  the  ideal  output  when  the  2s  comple- 
ment input  code  representing  midscale  is  loaded  in  the  input 
register.  The  ADl'862  is  a  current  output  D/A  converter.  There- 
fore, this  error  is  expressed  in  fiA. 
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AD 1862  Block  Diagram  ' 
FUNCTIONAL  DESCRIPTION 

The  AD1862  is  a  high  performance,  monolithic  20-bit  audio 
DAG.  Each  device  includes  a  voltage  reference,  a  20-bit  DAC, 
20-bit  input  latch  and  a  20-bit  serial-to-parallel  input  register.  A 
special  digital  offset  circuit,  combined  with  segmentation  cir- 
cuitry, produces  excellent  THD-I-N  and  D-r^ge  performance. 

Extensive  noise-reduction  features  are  utilized  to  make  the  noise 
performance  of  the  ADI862  as  high  as  possible.  For  example, 
the  voltage  reference  circuit  is  a  low-noise,  9  volt  bandgap  cell. 
This  cell  supplies  the  reference  voltage  to  the  bipolar  offset  cir- 
cuit and  the  DAC.  An  external  noise-reduction  capacitor  is  con- 
nected to  NRl  to  form  a  low-pass  filter  network. 

Additional  noise-reduction  techniques  are  used  in  the  control 
amplifier  of  the  DAC.  By  connecting  an  external  noise-reduction 
capacitor  to  NR2  output  noise  contributions  from  the  control 
portion  of  the  DAC  are  similarly  reduced.  The  noise-reduction 
efforts  result  in  a  signal-to-noise  ratio  of  119  dB. 

The  design  of  the  AD  1862  uses  a  combination  of  segmented  de- 
coder, R-2R  topology  and  digital  offset  to  produce  low  distor- 
tion at  all  signal  amplitudes.  The  digital  offset  technique  sliifts 
the  midscale  output  voltage  (0  V)  away  from  the  MSB  transitimi 
of  the  device.  Therefore,  small  amplitude  signals  are  not  af- 
fected by  an  MSB  change.  An  extra  DAC  cell  is  included  to 
avoid  clipping  the  output  at  full  scale. 

The  DAC  supplies  a  ±  1  mA  outpilt  current  to  an  extermfl 
I-td-V  converter.  An  on-b6^  3  kO  feedfeack  Resistor  is  Uso    ' ' 
supplied.  Both  the  output  current  and  feedback  resistor  are 
laser-trimmed  to  ±2%  tolerance,  simpUfying  the  selection  of 
external  filter  and/or  deemphasis  network  eoinpoBehts.  The  in- 
put register  and  serial-to-parallel  converter  are' fabricated  vrith  ■ 
CMOS  logic  gates.  These  gates  allow  the  achievement  of  fast 
switching  speeds  and  low  power  consumption.  Internal  TTL- 
to-CMOS  converters  are  used  to  insure  TTL  and  5  V  CMOS 
compatibility. 


GROUNDING  RECOMMENDATIONS 

The  AD1862  has  two  ground  pins,  designated  analog  ground 
(AGND)  and  digital  ground  (DGND).  The  analog  ground  pin  is 
the  "high-quality"  ground  reference  for  the  device.  The  analog 
groimd  pin  should  be  connected  to  the  analog  common  point  in 
the  system.  The  reference  bypass  capacitor,  the  noninverting 
terminal  of  the  current-to-voltage  conversion  op  amp,  and  any 
output  loads  shouljd  be  connected  to  this  cmnt.  The  digital 
ground  pin  returns  ground  cuirent  from  me  digital  logic  por- 
tions of  the  AD1862  circuitry.  This  pin  should  be  coimected  to 
the  digital  common  point  in  the  system.  ^> 

As  illustrated  in  Figure  7,  AGND  and  DGND  should  be  con- 
nected together  at  one  point  in  the  system. 
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Figure  7.  Grounding  and  Bypassing  Recommendations 


POWER  SUPPLIES  AND  DECOUPUNG 

The  AD1862  has  four  power  supply  input  pins.  ±Vs  provide 
the  supply  voltages  which  operate  the  linear  portions  of  the 
DAG  including  the  voltage  reference  and  control  amplifier.  The 
±Vs  supplies  are  designed  to  operate  with  ±12  volts. 

The  ±Vl  supplies  operate  the  digital  portions  of  the  chip  in- 
cluding the  input  shift  register,  the  input  latching  circuitry  and 
the  TIXsto-CMOS  level  shifters.  The  ±Vl  supplies  are  de- 
signed to  be  operated  from  ±5  V  to  ±  12  V  supplies  subject  only 
to  the  limitation  that  -Vl  may  not  be  more  negative  than  -Vj. 

Decoupling  capacitors  should  be  used  on  all  power  supply  input 
pins.  Good  engineering  practice  suggests  that  these  capacitors  be 
placed  as  close  as  possible  to  the  package  pins  and  the  common 
points.  The  logic  supplies,  ±Vl,  should  be  decoupled  to 
DGND  and  the  analog  supphes,  ±Vs,  should  be  decoupled  to 
AGND. 


EXTERNAL  NOISE  REDUCTION  COMPONENTS 

Two  external  capacitors  are  required  to  achieve  low-noise  opera- 
tion. Their  correct  coimection  is  illustrated  in  Figure  8.  Capaci- 
tor CI  is  coimected  between  the  pin  labeled  NRl  and  analog 
common.  CI  forms  a  low-pass  filter  element  which  reduces  noise 
contributed  by  the  voltage  reference  circuitry.  The  proper 
choice  for  this  capacitor  is  a  tantalum  type  with  value  of  10  p.F 
or  more.  This  capacitor  should  be  coimected  to  the  package  pins 
as  closely  as  possible.  This  wiSl  minimize  the  effects 
of  parasitic  inductan«  of  die  leads  and  c(^^f)^^.,^jj^i^,.^ 
connections. 


-12V  ,  , 

SUPPLY  ^ 


V'l  t  - 


[I 

'If 


AD1862 


TOP  VIEW   pr  =;:ci 


ilhLr 


C2  . 


•riniijuotoq 


in 

— |(YTUL' I  V 


NOTE: 

PIN  1  IS  -HIGH  QMHtmi-mmllkB  II  W 
FOR  BIAS  CAP.  „  . 


Figure  8.  Noise  Reduction  Capacitors 

Capacitor  C2  is  connected  between  the  pin  labeled  NR2  and  the 
negative  analog  supply,  -V^.  This  capacitor  reduces  the  portion 
of  output  noise  contributed  by  the  control  amplifier  circuitry. 
C2  should  be  chosen  to  be  a  tantalum  capacitor  with  a  value  of 
about  1  ix,F.  Again,  the  connections  between  the  AD1862  and 
C2  should  be  made  as  short  as  possible. 

The  recommended  values  for  CI  and  C2  are  10  ^.F  and  1  \iF, 
respectively.  The  ratio  between  CI  and  C2  should  be  approxi- 
mately 10.  Additional  noise  reduction  can  be  gained  by  choosing 
slightly  higher  values  for  CI  and  C2  such  as  22  (iF  and  2.2  |j.F. 
Figure  2  illustrates  the  noise  performance  of  the  AD1862  with 
10  (if  and  I 

EXTERNAL  AMPLIFIER  CONNECTIONS 
The  AD  1862  is  a  current-output  D/A  converter.  Therefore,  an 
external  amplifier,  in  combination  with  the  on-board  feedback 
resistor,  is  required  to  derive  an  output  voltage.  Figure  9 
illustrates  the  proper  connections  for  an  external  operational  am- 
plifier. The  output  of  the  AD1862  is  intended  to  drive  the  siun- 
ming  junction  of  an  external  current-to-voltage  conversion  op 
amp.  Therefore,  the  voltage  on  the  output  ciurent  pin  of  the 
AD1862  should  be  approximately  the  same  as  that  on  die 
AGND  pin  of  die  de^. 


The,,gn-boaid  3  kn  feedback  resistor  and  the 

:1%  tolerance  or  less.  This  makes  tfaie 


1  mA  output 

curremt  typically  have  : 
dunce  of  eannnal  components  very  simple  and  eliminates  addi- 
tioiul  trimming.  For  example,  if  a  nser  wishes  to  dnive  an  out- 
put voltage  higher  than  the  ±3  V' swing  offered  by  otitput 
current  and  feedback  resistor  combination,  all  that  is  required  is 
to  combine  a  standard  value  resistor  widi  the  feedback  resistor 
to  achieve  the  appropriate  output  voltage  swing.  Hi&(tediniq)ie 
can  be  extended  to  include  the  choice  of  demoits  ih^^  dbott* 
phasis  network,  etc. 

TOTAL  HARMONIC  DISTORTION  +  NOISE 

The  THD  figure  of  an  audio  DAC  represents  the  amount  of 
undesirable  signal  produced  during  reconstruction  and  playback 
of  an  audio  waveform.  The  THD  specification,  therefore,  pro- 
vides a  direct  method  to  classify  and  choose  an  audio  DAC  for  a 
desired  level  of  perfomonce;  ■  

By  combining  noise  measurement  with  the  THD  measurement, 
a  THD+N  specification  is  realized.  This  specification  indicates 
all  of  ^  undisaialMc  vgaijl,  tjro^itf*^  j>y_  ^  D^C,  if^y^ng,,,. 
hannwi«]!fDdamiof.^  Q^,j^,aain^  , 

AiUdog  OencesKsti)^  ADt862s^  ttebaiBy  dftHD4ff  peFi^', 
formance.  In  iliis  test  triMedinei  vmffOi  data  itfeailt  V^tK^ett' 
ing  a  0  dB,  -20  dB  or  -60  dB  sine  wave  is  sent  to  the  device 
under  test.  The  frequency  of  the  waveform  is  990.5  Hz.  Input 
data  is  sent  to  the  AD1862  at  an  8  x      rate  (352.8  kHz).  The 
AD1862  under  test  produces  an  output  current  which  is  con- 
verted to  an  output  voltage  by  an  external  amplifier.  Figure  10 
illustrates  the  recommended  test  circuit.  Deglitchers  and  trims 
are  not  used  during  this  test  procedure.  The  automatic  test 
equipment  digitizes  40%  samples  of  the  output  test  waveform, 
incorporating  23  complete  cycles  of  the  sine  wave.  A  40%  point 
FFT  i«  VB^miMjm  tft»wgt-d«Bh-|^-'  ^ —  'Wtifi/f. 
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Figuf»9.  Extamt  AmM»  CmmmHlom 

Based  upon  the  harmonics  of  the  fundamental  990.5  Hz  test 
tone,  and  the  noise  components  in  the  audio  band,  the  total  har- 
monic distortion  +  noise  of  the  device  is  calculated.  The  - 
AD 1862  is  available  in  two  performance  grades.  The  AD18ii2N'' 
pnxbices  a  maviniiim'  of  0.0025%  THD-HN  at  0  dB  signal'  lev- 
els. Tfae'higher  peiformaiKe  ADI862N-J  produces  a  ma-ri^mim 
rfmttil6%  THBS-l'N  ittiff^m  iigild  Ie»«ib.  "^^^ 

SIGNAL-TO-NOISE  RATIO 

The  Signal-to-Noise  Ratio  (SNR)  of  the  AD1862  is  tested  in  the 
following  manner.  The  amplitude  f^^gj^  dB  signal  is  measuied. 
The  device  under  test  is  then  set  to  f«H«g^  ouqnit  vdtage  (0 
volts).  The  amplitude  of  all  noise  present  wdQtitHz  is  mea- 
sured. The  SNR  is  the  ratio  of  these  two  measurements.  The 
SNR  figure  for  the  AD  1862  includes  the  output  noise  contrib- 
uted by  the  NE5534  op  amp  used  in  the  test  fixture  but  does 
not  include  the  noise  contributed  1^  jthe  lo^^^  filter  lued  in 


-  the  test  fixtHie. 


^^AD£R62N  has  a  minimiim  SNR  of  llOA.  '&t\Mil0-p»' 
'•ta^^Mnma-i  has  a  mminnim  SNR  of  113  dB. 
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OPTIONAL  TRIM  ADJUSTMENT 

The  AD1862  includes  an  external  midscale  adjust  feature. 
Should  an  application  require  improved  distortion  performance 
trader  small  and  very  small  signal  amplitudes  (-60  dB  and 
lower),  an  adjustment  is  possible.  Two  resistors  and  one  potenti- 
ometer form  the  adjustment  network.  Figure  11  illustrates  the 
correct  configuration  of  the  external  components.  Analog  De- 
vices recommends  that  this  adjustment  be  performed  with 
-60  dB  signal  ampUtudes  or  lower.  Minor  performance  im- 
provement is  achieved  with  larger  signal  ampUtudes  such  as 
-20  dB.  Almost  no  improvement  is  possible  whei^Jft^  adjuK- 
ment  is  performed  with  0  dB  signal  amplitudes. 
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Figure  11.  External  Midscale  Adjust 


DIGITAL  CIRCUIT  CONSIDERATIONS 
INPUT  DATA 

Data  is  transmitted  to  the  AD  1862  in  a  bit  stream  composed  of 
20-bit  words  with  a  serial,  2s  complement,  MSB  first  format. 
Three  signals  must  be  P|f|99;  fg.  (wiiieve  proper  operation.  They 
an  the  data,  dock  and  latcii  ei^Ue  signals.  Input  data  bits  are 


clocked  into  the  input  register  on  the  rising  edge  of  the  clock 
signal  (CLK).  The  LSB  is  clocked  in  on  the  20th  clock  pulse. 
When  all  data  bits  are  loaded,  a  low  going  latch  enable  (LE) 
pulse  updates  the  DAC  input.  Figure  12a  illustrates  the  general 
signal  requirements  for  dat^tiansfer  for  the  AD1862. 
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TIMING 

Figure  12b  illustrates  the  specific  timing  requirements  that  must 
be  met  in  order  for  the  data  transfer  to  be  accomplished  suc- 
cessfully. The  input  pins  of  the  AD  1862  are  both  TTL  and  5  V 
CMOS  compatible,  independent  of  the  power  supplies  used  in 
the  application.  The  input  requirements  illustrated  in  Fig- 


ure 12b  are  compatible  with  the  data  outputs  provided  by  popu- 
lar digital  interpolation  filter  chips  used  in  digital  audio  play- 
back systems.  The  AD1862  input  clock  will  run  at  17  MHz 
allowing  data  to  be  transferred  at  a  rate  of  16  x  Fg.  Of  course, 
it  will  also  function  at  slower  rates  such  as2x,4xor8x  Fj. 
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Figure  12b.  Timing  Requirements 


The  AD1862  is  an  extremely  high  performance  DAC  designed 
fat  high-end  consumer  and  professional  digital  audio  aptJlica- 
tkms.  Compact  disc  players,  digital  preamplifiers,  digital 'musical 

ji^«TT^Hpytny  fUKt'^omirf  jmNWllKlllf  i^WTlfffi^lfrftllllhfrralytHlftf  't'l'- 

djnumiffiiaiige,  knr-'Il^+Maiiraqil'hig^'aigBiNoi'QiK^i^^ 
For  xkifSneiafae^&  DIA  caiimterjs  ao>laogcritite>b*^  ISM*-^ 
tatioii.'ili  tUcptsfomuDce of aCB't^a^.        ir'  ir:-*!- 

IW performance  of  professional  audio  gear,  such  as  mixing  con- 
soles, digital  tape  recorders  and  multivoice  synthesizers  can  uti- 
lize the  wide  dynamic  range  and  signal-to-noise  ratio  to  achieve 
greater  performance.  And,  the  AD1862's  space  saving  16-pin 
package  contributes  to  compact  system  desdgn.  ^li^^ecimits  a 
system  designer  to  incorporate  more  voices  in  multtMiice  synthe- 
sizers, more  tracks  in  raultitiaek  tape  recptdm-aaijaozexhanc- 
nds  in  multidianiid  miziiig  consoles.     '        ...l.   — 


Furthermore,  high-resolution  signal  processing  and  wav^orm 
generation  applications  are  equally  well  served  by  the  AD1862. 

Figuii^f  iiyjttSaii'fliei^)^tKm>^i^^         a'faybi  ptt- 
formance  CD  playa.  Two  AD1862s  are  used,  one  for  the  ' 
chanfidi'Mooe  M)the>Q^adiarai#.  jI%e€X&llXX^di^^--' 
codes  the  tdigitU  data  ebinnigt&om  the  reacbdectnudcstaiKksf 
sends  it  to^  SM^ld.>Iiqpnt;d«a  is«eat  toteackjXDlSl^b^  ;  t 
the  SMS813  digital  mterpolating  filter.  This  device  operates  at 
8  times  oversamphng.  The  NESS34  op  amps  are  chosen  for 
curtent-to-voltage  converters  due  to  their  low  distortion  and 
low  noise.  The  output  filters  are  5-pole  designs.  For  the  pur- 
pose of  clarity,  all  bypass  cqncitors  have  been  omitted  ftam 
ffie  scSSnMic.i 
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Figure  13.  High  Performance  20-Bit  8  x  Oversampling  CD  Player  Application 


Figure  14  iUustrates  the  AD1862  cmfjmmgm  the  DSPS6000. 
In  high-resolution  applications,  the  comMnatioh  of  the  24-bit 
architecture  of  the  DSP56000  and  the  low  noise  and  high  resolu- 
tion of  the  AD  1862  can  produce  a  high-resolution,  low-noise 
system. 

As  shown  in  Figure  14,  the  clock  signal  supphed  by  the  DSP 
processor  must  be  inverted  to  be  compatible  with  the  input  of 
the  AD1862.  The  exact  architecture  of  the  output  low-pass  filter 


 *-   ---   r  -  -   —   -  - —  — ^'    fl"    V  ~^'^r  I   I 

higher  the  oversampling  rate,  the  fewer  number. of  filter  poles 
are  required  to  prevent  aliasing. 

The  20-bit  resolution  is  particularly  suitable  for  professional  au- 
dio, mixing  or  equalization  equipment.  Its  resolution  allows 
24  dB  of  equalization  to  be  performed  on  16-bit  input  words 
without  signal  truncation.  Furthermore,  up  to  sixteen  16-bit  in- 
put words  can  be  mixed  and  output  directly  to  the  AD  1862.  In 
this  case,  no  loss  of  signal  information  would  be  encountered. 
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2-212  DIGITAL-TO-ANALOG  CONVERTERS 


REV.  A 


ANALOG 


Complete  Dual 
18-Bit  Audio  DAC 


AD1864' 


FEATURE^ 

Dual  Serial  Input  Voltage  Output  QAOs. 
No  External  Components  Required 
Operates  at  8  x  Oversampling  per  Channel''''^ 
±5  Volt  to  ±12  Volt  Operation  ' 
Cophased  Outputs 

115  dB  Channel  Separation  _ 

±0.3%  Interchannri  gain  Mtehing   

0.0017%  THD+N  " 


APPLICATIONS 

Multichannel  Audio  Applications: 
Compact  Disc  Players 
IMulti-Voice  Keyboard  Instruments 
DAT  Players  and  Recorders  ' 
Digital  Mixing  Consoles 
MuMmedfii  Workstationiyf  t' 


PRODUCT  DESCRIPTION 

The  AD  1864  is  a  complete  dual  18-bit  DAC  offering  excellent 
THD  +  N,  while  requiring  no  external  components.  Two  com- 
plete signal  channels  are  included.  This  results  in  cophased  volt- 
age or  current  output  signals  and  eliminates  the  need  for  output 
demultiplexing  circuitry.  The  monoUthic  AD1864  chip  includes 
CMOS  logic  elements,  bipolar  and  MOS  linear  elements  and 
laser-trimmed  thin-film  resistor  elements,  all  fabricated  on  Ana- 
log Devices  BiMOS  II  process. 

The  DACs  on  the  AD  1864  chip  employ  a  partially-segmented 
architecture.  The  first  four  MSBs  of  each  DAC  are  segmented 
into  15  elements.  The  14  LSBs  are  produced  using  standard 
R-2R  techniques.  Segment  and  R-2R  resistors  are  laser-trimmed 
to  provide  extremely  low  total  harmonic  distortion.  This  archi- 
tecture minimizes  errors  at  major  code  transitions  resulting  in 
low  output  glitch  and  eliminating  the  need  for  an  external 
d^llitcher.  WheQ  used  in  the  current  output  mode;  jfys  AP1S64 
provides  two  cophased  ±  1  mA  output  signals.       '  ' 

Each  channel  is  equipped  with  a  high  performance  output  am- 
plifier. These  amplifiers  achieve  fast  settling  and  high  slew  rate, 
producing  ±3  V  signals  at  load  currents  up  to  8  mA.  Each  out- 
put amplifier  is  short-circuit  protected  and  can  withstand  indefi- 
nite short  circuits  to  groimd. 

The  AD  1864  was  designed  to  balance  two  sets  of  opposing  re- 
quirements, channel  separation  and  DAC  matching.  High  chan- 
nel separation  is  the  result  of  careful  layout  techniques.  At  the 
same  time,  both  chaimels  of  the  AD1864  have  been  designed  to 
ensure  matched  gain  and  linearity  as  well  as  tracking  over  time 
and  temperature.  This  assures  optimum  performance  wheB4ised  - 
in  stereo  and  multi-DAC  per  chaimel  appUcations. 


■Covered  by  U.S.  PatenU  Nos:  RE  30,586;  3,961,326;  4,141,004; 

4,349,811;  *m^*m,»f3 
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A  versatile  digital  interface  allows  the  AD  1864  to  be  directly 
connected  to  standard  digital  filter  chips.  This  interface  employs 
five  signals:  Data  Left  (DL),  Data  Right  (DR),  Latch  Left 
(LL),  Latch  Right  (LR)  and  Clock  (CLK).  DL  and  DR  are  the 
serial  input  pins  for  the  left  and  right  DAC  input  registers.  In- 
put data  bits  are  clocked  into  the  input  register  on  the  rising 
edge  of  Ct£..  A  low-goiBK  latch  edge  updates  th^  respectivje 
DAC  output.  For  systems  using  oM^  i  sittgle  laftih  si^nal/iX^^ 
and  LR  may  be  connected  together.  For  systems' using  oidy  one 
DATA  signal,  DR  and  DL  may  be  connected  together. 

The  AD1864  operates  from  ±5  V  to  ±  12  V  power  supj^ies.  '- 
'  The  digital  supplies,  Vl  and  -  Vl,  can  be  separated  frem  the 
analog  supplies,  Vj  and  -Vj,  for  reduced  digital  feedthrough. 
Separate  analog  and  digital  ground  pins  are  also  provided.  The 
AD1864  typically  dissipates  only  225  mW,  with  a  mazimi^  I'  ^ 
power  dissipation  of  263  mW.  s  ;!i 

The  AD  1864  is  packaged  in  both  a  24-pin  plastic  DIP  an 
28-pin  PLCC.  Operation  is  guaranteed  over  the  temperaturfe 
range  of  -25°C  to  -l-70°C  and  over  the  voltage  ^pply  range  of 
±4.75  V  to  ±13.2  V. 


PRODUCT  HIGHLIGHTS 

1.  The  AD1864  is  a  complete  dual  18-bit  audio  DAC. 

2.  108  dB  signal-to-noise  ratio  for  low  noise  operation 

3.  THD-I-N  is  typicaUy  0.0017%. 

4.  Interchannel  gain  and  midscale  matching. 

5.  Output  voltages  and  currents  are  cophased. 

6.  LowgHtch  for  imj^wtsd'somtd  quality..  = 
.  7.  Both  channels  are  100%  tested  at  8  x  Fj. 

8.  Low  Power  —  only  225  mW  typ,  265  mW  max. 
r9. '  S-wire-mteitMe-fiMF-lMM^atM 
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AD1864-SPECIFICATI0NS  (T,  =  +25°C,  ±Vi  =  ±Vs  =  ±5  V,  Fs  =  352.8  kHz,  without  MSB  adjustment) 


Min              Typ  i^Mu 

Units 

IMGIT AL  B«»UTS  — •  ■  i 

IiH.V,„  =  +Vl 
In..       =  0.4.V 
Clock  Input  Fieqmtts^ 

2j0  +Vi. 

0.8 

—  1,0  

-J. 

-10 

12.7  , 

MHz 

ACCURACY 
Gain  Error 

Interchannel  Gain  Matdiing 
Midscale  ^tzoi 

Interc&Bmi^  Mids(a]e.Matchjng 
Gain  LinearitrError  (||)  ^  tri -j-90  ^) 

M  a.8 
4 

%ofFSR 
%ofFS^ 
mV  . 

Mioi.l^fi.-.:  ■■'!■; 

DRIFT  (0°C  to +70°C) :  ■     !  1     !  ' 
Gain  Drift 

Midscale  Drift   

ppm  of  FSR/°C 
ppm  of  FSR/°C 

TOTAL  HARMONIC  DISTORTION  +  NOISE* 
0  dB,  990.5  Hz       AD1864N,  F"  ,  

'AD1'864N-K  ' 
-20W;  Mj  Hz   AD1864N,  P           "'^""V^  ' 
AD1864N-J,  P-J 
■                       AD1864N-K        '--..'.u  ^..i^;!. 

•■--fiMS,  990.5  Hz   AD1864N,  P     '                '  * 
AUj^j^          AD1864N-J,  P-J  ; 
'"*       ^ "          AD1864N-K •  ■ 

0;CW4  0.00« 
0.003  0<004 
0.0017  0.0025 
0.010  0.040 
0.010  0.020 
0.010  0.020 
1.0  4.0 
1.0  2.0 

1.0  2.0 

% 

% 

«iG 

% 
% 

% 
% 
% 

CHANNEL  SEPARATI«i|^,^"^;',;.^^„.^ 
0  dB,  990.5  Hz 

110  115 

dB 

SIGNAL-TO-NOISE  RATIO*              j,?.,  .  !  ; 
.  (20  Hz  to  30  kHz)  N,  N-J,  N-K  - 

P,P-J           ■  ■  ■....■ 

.  102  108 
95  108 

dB 

D-IMl^G|^<WI^A-WEIGHTFILTER)  I 
-66di,-i999.^  Hz   AD1854N,  P 

r?.,.rriv.             AD1864N-J,  P-J 
.\D1864N-K 

88  100 
94  100 
94  100 

dB 

dB 
dB 

OUTPUT                                 A*  ,,.1*^.  i...t^^£a^^  4kU.j*j4.>  r 

Voltage  Output  ConfiguratiaB     Wm  ?K  crfirBil'»-> 
Output  Range  (±3%)  .  r 
Output  Impedajice 

Load  Current                           ^  . 
Short-Circuit  Duration                         ' '.  , 
Current  Output  Configuration 
Bipolar  Output  Range  ( ±  30%)  ... 
Output  Impedance  (±30%) 

-1-2  88       .  , .   ±3  0                ±3 12 
O.I 

±8 

Indefinite  to  Common 

.    ,  ±1 
1.7 

V 
CI 
mA 

mA 
kfl 

POWER  SUPPLY 

-FVl  and  -FVj 

-Vl  and  -Vj                        ■..!  i.  vf;!,-,,;'.'!     ,'  ' 
-l-I,  (-fVl  and  +Vs  =  +5V) 
-I,  (-Vl  and  -Vj  =  -5  V) 

4.75               5.0  13.2 
.!      -13.2             -5.0  -^4.75 
22  25 
-23  -28 

V 
V 

mA 
mA 

POWER  DISSIPATION,  ±V^  =  ±Vs  =  ±5  V 

225  265 

mW 

TEMPERATURE  RANGE 
Specification 
Operation 
Storage 

0  4-70 
-25  -1-70 
-60  -HOO 

°C 
°C 

°c 

WARMUP  TIME" 

'-^l  

nun 

NOTE 


Specifications  shown  in  boldface  are  tested  on  production  luuts  at  final  test  without  opdonal  MSB  adjustmoit. 

*Tested  in  accordance  with  EIAJ  Test  Standard  CP-307  mil  Ig-Ut  data.  ,i  •  u     ,o   u     ..^  .  ^  .  .„ 

Specifications 9ttbicam4NW*MliWMi!3^.  •"..-'i.t-  .;  .!>,^<a^ ;a|,*«,» 


Typical  Perhmnance  Data— ADfl64 
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Figure  1.  THD+N  vs.  Frequency 
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Figure  3.  THD-t-N  vs.  Temperature 
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Figure  2.  Channel  Separation  vs.  Frequency 
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Figure  4.  Power  Diae^tion  vs.  Sup^  IMtt^ 
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-VlIoDGND  -13.2  Vl^V 

-Vs  to  AGND  : . : .  -13:2  V  to  0  V 

AGND  to  DGND  |    W  ±0.3  V " 

Digital  Inputs  ta©®IB  -0.3  V  to  Vl 

Short-Qrcuit  Protection  ^  « ^  „ »  ^ .  .p^e^te  Short  to  Ground 
Soldering  (10  sec^^.   |T  +300*'C 

^Stresses  greater  xhsta  tifese  t»ced  under  **Al»^ute  Manmum  TUtings**  may 
cause  pennanent  damage  to  the  device.  This  is  a  stress  rating  only  and 

functional  operation  of  the  device  at  these  or  any  other  conditions  above  those 
indicated  in  the  operational  section  of  this  specification  is  not  implied. 
Exposure  to  absolute  maximum  rating  conditions  for  extended  periods  may 


4- 


CAUTION  1  

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  pennanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  foam 
ahould  be  discharged  to  the  destination  socket  before  devices  are  mn^KcU 
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PLCC  Package 


NCsNO  CONNECT 
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SIGNAL 

DESCRIPTION   ~j  ^ 

-Vs 

Negative  Analog  Supply 

TRIM 

Right  Channel  Trim  Network  Connection 

MSB 

Right  Channel  Trim  Potentiometer  Connection 

Iqut 

Right  Channel  Output  Current  \ 

AGND 

Right  Channel  Analog  Common  Pin 

SJ 

Right  Channel  Amplifier  .Slimming  ^uii^HB 

Rf 

Right  Channel  Feedback  Resistra:  ! 

Voirr 

Rigbt  Channel  Output  Voltage  ' 

+Vi. 

Positive  Digital  Supply  , 

DR  - 

Right  Channel  Data  Input  Pin   • 

LR 

Right  Channel  Latch  Ftn 

CLK 

Clock  Input  Pin 

DGND 

Digital  Ceaunon  Pis  QH^  .fcwivnjn 

LL 

Left  Channel  Latch  Pin 

DL 

Left  Channel  Data  Input  Kn 

-Vi. 

Negative  Digital  Supply 

Left  Channel  Oiitput  Voltage 

RF 

Left  Channel  Feedback  Resistor 

SJ 

Left  Channel  Amplifier  Summing  Junction 

AGND 

Left  Channel  Analog  Common  Pin 

Iqut 

Left  Channel  Output  Current 

MSB 

Left  Channel  Trim  Potentiometer  Wiper  Connection 

TRIM 

Left  Channel  Trim  Network  Connection '  ; 

+Vs 

Positive  Analog  Supply  3 

ORDERING  GUIDE 


THD+N 

Package 

Model 

@  FS 

Option* 

AD1864N 

0.006% 

N-24 

AD1864N-J 

0.004% 

N-24 

AD1864N-K 

0.0025% 

N-24 

AD1864P 

0.006% 

P-28A 

AD1864P-J 

0.004% 

P-28A« 

•N  =  Ftak  DIP;  P  =  Flndc  Ladtd 
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2-216  DIGITAL-TO-ANALOG  CONVERTERS 


REV.  A 


^efinitidn  of  Spiecificatidns—  AD1 864 


TOTAL  HARMONIC  DISTORTION  4)if«OISE 
Total  Harmonic  Distortion  plus  Noise  (THD+N)  is  defined  as 
the  ratio  of  the  square  root  of  the  sum  of  the  squares  of  the 
amplitudes  of  the  harmonics  and  noise  to  the  value  of  the  fimda- 
mental  input  frequency.  It  is  usually  expressed  in  percent. 

THD+N  is  a  measure  of  the  magnitude  and  distribution  of  lin-' 
earity  error,  differential  linearity  error,  quantization  error  and 
noise.  The  distribution  of  these  errors  may  be  different,  depend- 
ing on  the  amplitude  of  the  output  signal.  Therefore,  to  be  most 
useful,  THD+N  should  be  specified  for  both  large  (0  dB)  and 
small  (-20  dB,  -60  dB)  signal  amplitudes.  THD+N  measure- 
ments for  the  AD1864  arcmAt-v^ag  Ha-Omi^lkiimaebm^''^. 
and  noise  out  to  30  kHz. 

SIGNAL-TO-NOISE  RATIO 

The  Signal-to-Noise  Ratio  is  defined  as  the  ratio  of  the  ampli- 
tude of  the  output  when  cide  midscale  is  entered  to  the  ampli- 
tude- of  the  output  when  a  dde  full  scde  is  entered.  It  is  ' 
messund'usi^  a  suuidiKtA-Wei^t  &/tet.  SNR  fer-^  ' 
AEU864:is  0easBRid'fotii(>^Miit[«HiKi»^foJ|a'IcI&  ' 

CHANNEL  SEPARATION 

Channel  separation  is  defined  as  the  ratio  of  the  amplitude  of  a 
fuU-sc^  signal  appearing  on  one  channel  to  the  amplitude  of ;  j 
thajt  s^nf  si^al  which  couples  onto  the  adjacent  channel.  It  is.i 
u^j^y  e^^ediada,  |V^.tl|i(:^l^j(%P9n«l>){|^u9ti(Mi^L 
mensuedrin  accordance  vnth  .EIAJ  Standaid  €Pr3ff7,  Sectym  S  .5. 

D-RANGE  DISTORTION  , 

D-Range  distortion  is  equal  to  the  value  of  the  total  harmonic 
distortion  +  noise  (THD+N)  plus  60  dB  when  a  signal  ley^  jof 
60  dB  below  full-scale  is  reproduced.  D-Range  is  tested  with  a 
1  kHz  input  sine  wave.  This  is  measured  with  a  standard 
A-Weight  filter  as  specified  by  EIAJ  Standard  CP-307. 

GAIN  ERROR 

The  gain  error  specification  indicates  how  closely  the  output  of  a 
given  channel  matches  the  ideal  output  for  given  input  data.  It 
is  expressed  in  %  (tf  PSR  and  is  measured  witi^)f(^^gjf)^;.;w|r 
put  signal. 

INTERCHANNEL  GAIN  AiATCHING 

The  gain  matching  specification  indicates  how  closely  the  ampli- 
tudes of  the  output  signals  match  when  producing  identical  in- 
put data.  It  is  expressed  in  %  of  FSR  (Full-Scale  Range  =  6  V 
for  the  AD1864)  and  is  measured  with  full-scale  output  signals. 

MIDSCALE  ERROR 

Midscale  error  is  the  deviation  of  the  actual  analog  output  of  a 
given  channel  fit>m  the  ideal  output  (0  V)  when  &e  2s  comple- 
ment input  code  representing  half  scale  is  loaded  inK>  the  iiqnit 
r  of  the  DAC.  It  is  expressed  in  mV. 


INTERCHANNEL  MIDSCALE  AtATCHING         '  '  ' 
The  midscale  matching  specification  indicates  how  closely  die  ' 
amplitudes  of  the  output  signals  of  the  two  channels'  man^-^ 
when  the  2s  complement  input  code  representing  half  scale'^ 
loaded  oito  the  input  register  Of  both  diaimels.  It  is  expressed  in 
mV  Md'ii  ueaMitiid  Witb4^-^&alr«^^  -i  -J 

'  ■      '  '      '■    "        .  '  '         ■  ■  ■     (•;  :■  •  ail  '-•  CiOmO-l 
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FUNCTIONAL  DESCRIPTION 

The  AD1864  is  a  complete,  naonolithic,  dual  18-bit  audio  DAC. 
No  exteitMcdktfiobdS&'ii^^i%(}<fiied  for  operation.  As  titibm  in 
the  block  diagram,  each  chip  contains  two  voltage  references, 
two  output  amplifiers,  two  IS^bit  serial  input  registers  and  two 
18-bit  DACs. 

The  voltage  reference  section  provides  a  reference  voltage  for 
each  DAC  cncoit.  These  voltages  are  produced  by  low-noise 
battdgap  circilits.  Buffer  amplifiers  are  also  included.  This  com- 
bination of  elements  produces  reference  voltages  that  are  unaf- 
fected by  changes  in  temperature  and  time. 

ou^ut  amplifiers  use  both  MOS  and  bipolar  devices  and 
inCQiporate  an  all  NPN  output  stage.  This  design  technique  pro- 
duces higher  slew  rate  and  lower  distortion  than  previous  tech- 
niques. Frequency  response  is  also  improved.  When  combined 
with  the  appropriate  on-chip  feedback  resistor,  the  output  op 
amps  convert  the  output  current  to  output  voltages. 

The  18-bit  D/A  converters  use  a  combination  of  segmented  de- 
coder and  R-2R  architecture  to  achieve  consistent  linearity  and 
differential  linearity.  The  resistors  which  form  the  ladder  struc- 
ture are  fabricated  with  silicon  chromium  thin  film.  Laser  trim- 
ming of  these  resistors  further  reduces  linearity  errors  resulting 
in  low  output  distortion. 

The  input  registers  are  fabricated  with  CMOS  logic  gates.  These 
gates  allow  the  achievement  of  fast  switching  speeds  and  low  ' 
power  consumption,  contributing  to  tt^'lOW'^Ml'itad  lew  ' 
power  dissipation  of  the  AD 1864. 
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GROUNDING  RECOMMENDATIONS 

The  AD 1864  has  three  ground  pins,  two  labeled  AGND  and 
one  labeled  DGND.  AGND,  the  analog  ground  pins,  are  the 
"high  quality"  ground  references  for  the  device,  To  minimizer 
distortion  and  reduce  ccosstaUc  between  chaist^,  the.  v>alog  .  ' 
ground  pins  should  be  conniected  togetlKIV^^iMilba«njQf[  Vi<: 
common  point  in  the  system.  As  shown  is  JiPiP 
pins  should  not  be  connected  at  the  chip. 
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Figure  7.  Recommended  DIP  Circuit  Schematic 

The  digital  ground  pin  returns  ground  current  from  the  digital 
logic  portions  of  the  AD1864  circuitry.  This  pin  should  be  con- 
nected to  the  digital  common  pin  in  the  system.  Other  digital 
logic  chips  should  also  be  referred  to  that  point.  The  analog  and 
digital  grounds  should  be  connected  together  at  one  point  in  the 
system,  preferably  at  the  power  supply. 

POWER  SUPPLIES  AND  DECOUPUNG        ""^  *^  ^ 

The  AD1864  has  four  power  supply  pins.  ±Vs  provide  the  siip^ 
ply  voltages  whidi  operate  the  analog  {iortioiis  <^  the  DAC  in- 
dudii^  thevidtage  references,  output  anlpUfier£  aiid  control 
smffSBea.  The  ±\g  supplies  are  designed  to  opetite  from 
±5  V  V.'TUeae'siq^ltes  shinild  be  dedeuplect  to  anal^ 

common  using  0.1  ^'Hi^iaxoii.  Good  en^iniieHiig  prsKice'^'  - 
su^ests  that  the  bypssit  si^Hiiitors  be  piKsA imelnmmpa^b^ 
to  the  package  pins.  This  minilmzes  the  patssinciladnctive  ef- 
fects of  printed  circuit  board  traces. 

The  ±Vl  supplies  operate  the  digital  portions  of  the  chip  in- 
cluding the  input  shift  registers  and  the  input  latching  circuitry. 
These  supplies  should  be  bypassed  to  digital  common  using 
0.1  i>3?  ^paatm.  *Vl  operates  with  *S  jV,  to  ±12  V  supplies. 
In  oidiNrfOLassius  pa>pa.>iv«WiQii  of.tbe  ABiSM»  -Vg  rnust 
bethe,'ieoa.iiegW]WPP|i<it!^^>sicAegeatattqi«es.  - 


Though  separate  positive  and  negative  power  supply  pins  are 
provided  for  the  analog  and  digital  portions  of  the  AD1864,  it  is 
also  possible  to  use  the  AD1864  in  systems  featuring  a  single 
positive  and  a  single  negative  power  supply.  In  this  case,  the 
-l-Vs  and  -I-Vl  input  pins  should  be  connected  to  the  positive  ■ 
power  supply.  -Vg  and  -Vl  should  be  connected  to  the  sii}g|e 
negative  supply.  This  feature  allows  reductipji  of  tjie  cp^t.aijd,  , 
complexity  of  the  system  power  supply,        ^        ^  ,  " 

As  with  most-Uoear  cirewtSs  cbaages  iit  Ae  fsmfx.m^sMes  willi: 
affect  ttie  output  of  the  Sti€i>iisa|ee9l>Siiii^^ 

porated  into  .the  design  af  an  audio  qrstenu-^        °  '  -ui  iiaa 

DISTORTION  PERFORMANCE  AND  TESTING 

The  THD-l-N  figure  of  an  audio  DACTepresems  tte  amount  Of 
imdesirable  signal  produced  during  reconstruction  and  playback 
of  an  audio  waveform.  The  THD-l-N  specification,  therefore, 
provides  a  direct  method  to  classify  and  choose  an  audio  DAC 
for  a  desired  level  of  performance.  Figure  1  illustrates  the  typi- 
cal THD+N  perfortnajB(;e.i)f  ,theAD1864  versus  frequency.  A  , 
load  impedance  of  at  least  1.5  kO  is  recommended  for  best 
THD-(-N  performance.  ' .  , 

Analog  Devices  tests  and  grades  all'AD1864's  on  the  basis  of 
THD-f  N  performance.  During  the  distortion  test,  a  high-speid 
digital  pattern  generator  transmits  digital  data  to  each  chaimel  of 
the  device  under  test.  Eighteen-bit  data  is  latched  into  the  DAC 
at  352.8  kHz  (8  x  Fs).  The  test  waveform  is  a  990.5  kHz  sine 
wave  with  0  dB,  -20  dB  and  -60  dB  amplitudes.  A  4096  point 
FFT  calculates  total  harmonic  distortion  -I-  noise,  signal-to-noise 
ratio,  D-Range  and  channel  separation.  No  deglitchers  or  MSB 
trims  are  used. 

OPTIONAL  MSB  ADJUSTMENT 

Use  of  optional  adjust  circuitry  allows  residual  distortion  error  • 
to  be  eliminated.  This  distortion  is  especially  important  when 
low-amplitude  signals  are  being  reproduced.  The  MSB-adjust 
circuitry  is  shown  in  Figure  8.  The  trim  pot  should  be  adjusted 
to  produce  the  lowest  distortion  using  an  input  signal  with  a 
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Figure  8.  Optional  DIP  THD+N  Adjust  Cirmk^ 


2^2m  mmmmmmmimmmmm 


Digital  Circuit  Considerations  -  AD1864 


CURRENT  OUTPUT  MODE 

One  or  both  channels  of  the  AD1864  can  be  operated  in  current 
output  mode.  Iqut  can  be  used  to  directly  drive  an  external 
current-to-voltage  (I-V)  converter.  The  internal  feedback  resis- 
tor, Rp,  can  still  be  used  in  the  feedback  path  of  the  external 
I-V  converter,  thus  assuif^  the  DAC  over  time 

and  temperature. 

Of  course,  the  AD1864  can  also  Ceusedlh'vSlige  output  mode 
utilizing  the  onboard  I-V  convertET. 


VOLTAGE  OUTPUT  iVlODES 

As  shown  in  the  AD  1864  block  diagram,  each  channel  of  the 
AD  1864  is  complete  with  an  I-V  converter  and  a  feedback  resis- 
tor. These  can  be  connected  externally  to  provide  direct  voltage 
output  from  one  or  both  AD1864  channels.  Figure  7  shows 
these  connections.  Iqut connected  to  the  summing  junction, 
SJ.  VouT  is  connected  to  the  feedback  resistor,  Rp.  This  imple- 
mentation results  in  the  lowest  possible  component  count  and 
achieves  the  performance  shown  on  the  specifications  page  while 
operating  at  8  x  Fgcx^  j     j      j  j  i — [i^  JOo 
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Figure  9.  AD1864  Control  Signals 


INPUT  DATA 

Data  is  transmitted  to  the  AD  1864  in  a  bit  stream  composed  of 
18-bit  words  with  a  serial,  2s  complement,  iWSB  first  format. 
D4a  lieft  (DL)  and  Data  Right  (DR)  are  the  serial  inputs  for 
the  left  and  right  DACs,  respectivdy.  Similarly,  Latch  Left 
(LL)  and  Latch  Right  (LR)  update  the  left  and  right  DACs. 
The  falling  edges  of  LL  and  LR  cause  the  last  18  bits  which 
were  clocked  into  the  Serial  Registers  to  be  shifted  into  the 
DACs,  thereby  updating  the  DAC  outputs.  Left  and  Right 
channels  share  the  Clock  (CLK)  signal.  Data  is  clocked  into  the 
input  registers  on  the  rising  edge  of  CLK. 

Figure  9  illu^trap^.t^  <^Hk?iS^t?  fpf  <^ta 

transfa  for  the  AD1864. 


TIMING 

Figure  10  illustrates  the  specific  timing  requirements  that  must 
be  met  in  order  for  the  data  transfer  to  be  accomplished  prop- 
erly. The  input  pins  of  the  AD1864  are  both  TTL  and  5  V 
CMOS  compatible. 

The  miniamro  dock  t^.i^  the  APi864  js  at  1^  12.7  MHz. 
This  dock  rate  allows. data  transfer  rates  of  Zx,  4x,  8x  and 

16xFs  (where  Fg  equals  44,1  kHz).  The  applications  section  of 
this  datasheet  contains  additional  guidelines  for  using  the 
AD1864. 
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figure  10.  AD 1864  Timing  Diagram 
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Figure  11.  Complete  8  x  Fg  18-Bit  CD  Player 


18-BIT  CD  PLAYER  DESIGN 

Figure  11  illustrates  an  18-bit  CD  player  design  incorporating  an 
AD1864  D/A  converter,  an  AD712  or  NE5532  dual  op  amp  and 
the  SMS813  digital  filter  chip  manufactured  by  NFC.  In  this 
design,  the  SA(SS13  filter  transmits  left  and  r%ht  digital  data  to 
both  channels  of  the  AD1864.  The  left  and  right  latch  signals, 
LL  arid  LR,  are  both  provided  by  the  word  clock  signal 
(WCKO)  of  the  digital  filter.  The  digital  filter  supplies  data  at  ' 
an  8  X  Fs  oversample  rate  to  each  channel. 

The  digital  data  is  converted  to  analog  output  voltages  by  the 
output  amplifiers  on  the  AD1864.  Note  that  no  external  compo- 
nents are  required  by  the  AD1864.  Also,  no  ditching  cir- 
cuitry is  required. 


An  AD712  or  NE5532  dual  op  amp  is  used  to  provide  the  out- 
put antialias  filters  required  for  adequate  image  rejection.  One 
2-pole  filter  section  is  provided  for  each  channel.  An  additional  j 
pole  is  created  bom  the  combination  of  the  internal  feedback  , 
resistors  (Rp)  and  the  external  capacitors  CI  and  C2.  For  exam- 
ple, the  nominal  3  kfl  Rp  with  a  360  pF  capacitor  for  CI  and 
C2  will  place  a  pole  at  approximately  147  kHz,  effectively  elimi' 
nating  all  high  frequency  noise  components. 

Close  matching  of  the  ac  characteristics  of  the  amplifiers  on  the 
AD712  as  well  as  their  low  distortion  make  it  an  ideal  choice  for 
the  task. 

Low  distortion,  superior  channel  separation,  low  power  con- 
sumpticm-^  a  to^'atii^caiiaft'cD^iMM^alH^eA^ir  Ws 
simple  design.  .MSlO/  jtl;      i  Ji 
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Figure  12.  Cascaded  AD1 864s  in  a  Multichannel  Keyboard 
Instrument 


MULTICHANNEL  DIGITAL  KEYBOARD  DESIGN 

Figure  12  illustrates  how  to  cascade  AD1864s  to  add  multiple 
voices  to  an  electronic  musical  instrument.  In  this  example,  the 
data  and  clock  signals  are  shared  between  all  six  DACs.  As  the 
data  representing  an  output  for  a  specific  voice  is  loaded,  the 
appropriate  DAC  is  updated.  For  example,  after  the  18  bits  rep- 
resenting the  next  output  value  for  Voice  #4  is  clocked  out  on 
the  data  line,  then  "Voice  4  Load"  is  pulled  low.  This  produces 
a  new  output  for  Voice  4.  Furthennore,  all  voices  can  be  re- 
numed  to  the  same  ouigiwiby-  pdlii^.all  six  load  signals  low. 

In  this  application,  the  advantages  of  choosing  tl^  AD  1864  are 
clear.  Its  flexible  digital  interface  allows  die  clock'^  data  to  be 
shared  among  all  DACs.  This  reduces  printed  circuit  board  area 
requirements  and  also  simplifies  the  actual  layout  of  the  board. 
The  low  power  requirement  of  the  AD1864  (typically  215          j  . 
is  an  advantage  in  a  multiple  DAC  system  where  its  power  ad- 
vantage is  multipUed  by  the  number  of  D^Cs  used.  The    


AD  1854  requires  no  external  components,  simplifying  the  de- 
sign, reducing  the  total  number  of  componraits  reqiated^l^ 
enhancing  reliability. 

ADDITIONAL  APPLICATIONS 

Figures  13  through  16  show  connection  diagrams  for  the 
AD  1864  and  a  number  of  standard  digital  filter  chips  from  Ya- 
maha, NPC  and  Sony.  Figure  13  shows  the  SM5814AP  operat- 
ing with  pipelined  data.  Cophase  operation  is  not  available  with 
the  SM5814AP  in  18-bit  mode.  Figures  14  through  16  are  all 
examples  of  cophase  operation.  Each  application  operates  at 
8  X  Fs  for  each  channel.  The  2-pole  Ranch  low  pass  filters 
shown  in  Figure  1 1  can  be  used  with  all  of  the  applications 
shown  in  this  data  sheet.  The  AD711  single  op  amp  can  also  be 
used  in  these  applications  in  order  to  ensure  tnayitnnm  channel 
j.^paration. 
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Figure  13.  AD1864  with  NPC  SM5814AP  Digital  Filter 
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Figure  16.  AD1864  with  NPC  SM5818AP 
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FEATURES 

Dual  Serial  Input,  Voltage  Output  OAi^ 
No  External  Components  Required 
HOdBSNR 

0.003%  THD+N  ^1  '  II 

Operates  at  16  x  OvarsanVWW  PIF  eilHMil 
±5  Volt  Operation  i 
Cophased  Outputs  - 
116  dB  Channel  Separation 
Pin  Compatible  with  AD1864  , 
DIP  or  SOIC  Packaging 
APPLICATIONS 

Multichannel  Audio  Applications: 

Compact  Disc  Players 

Multivoice  Keyboard  Instruments 

DAT  Players  and  Recprdejrs 

Digital  IVIixing  Consoles 

IVIultimedia  Worlcstations.  . 


PRODUCT  DESCRIPTION 

The  AD1865  is  a  complete,  dual  18-bit  DAC  offering  excellent 
THD+N  and  SNR  while  requiring  no  external  components. 
Two  complete  signal  channels  are  included.  This  results  in 
cophased  voltage  or  current  output  signals  and  eliminates  the 
need  for  output  demultiplexing  circuitry.  The  monolithic 
AD  1865  chip  includes  CMOS  logic  elements,  bipolar  and  MOS 
Linear  elements  and  laser-trimmed  thin-film  resistor  elementS)  all 
fabricated  on  Analog  Devices'  ABCMOS  process. 
The  DACs  on  the  AD  1865  chip  employ  a  partially  segmented 
architecture.  The  first  four  MSBs  of  each  DAC  are  segmented 
into  15  elements.  The  14  LSBs  are  produced  using  standard 
R-2R  techniques.  Segment  and  R-2R  resistors  are  laser  trimmed 
to  provide  extremely  low  total  harmonic  distortion.  This  archi- 
tecture minimizes  errors  at  major  code  transitions  resulting  in 
low  output  ghtch  and  eliminating  the  need  for  an  external 
deglitcher.  When  used  in  the  current  output  mode,  the  AD1865 
provides  two  ±1  mA  output  signals. 

Each  channel  is  equipped  with  a  high  performance  output  am- 
plifier. These  amplifiers  achieve  fast  setding  and  high  slew  rate, 
producing  ±  3  V  signals  at  load  currents  up  to  8  mA.  Each  out- 
put amplifier  is  short-circuit  prcitected^soid  can  wMiStaiHl  ladefi- 
nite  short  circuits  to  ground. 

The  AD1865  was  designed  to  balance  two  sets  of  opposing  re- 
quirements, channel  separation  and  DAC  matching.  High  chan- 
nel separation  is  the  result  of  careful  layout.  At  the  same  time, 
both  chaimels  of  the  AD1865  have  been  designed  to  ensinre 
matched  gain  and  linearity  as  well  as  tracking  over  time  and 
temperature.  This  assures  optimum  performance  when  ijsed  in 
stereo  and  multi-DAC  iier  cfaanBel  applicatioi^'.     '   "  ^ 
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A  versatile  digital  interface  allows  the  AD  1865  to  be  cUrectly 
connected  to  standard  digital  filter  chips.  This  interface  employs 
fe  signals:  Data  Left  (DL),  Data  Right  (DR),  Latch  Left 
(LL),  Latch  Right  (LR)  and  Clock  (CLK).  DL  and  DR  are  the 
serial  input  pins  for  the  left  and  right  DAC  input  registers.  In- 
put data  bits  are  clocked  into  the  input  register  on  the  rising 
edge  of  CLK.  A  low-going  latch  edge  updates  the  respective 
DAC  output.  For  systems  using  only  a  single  latch  signal,  LJL 
and  LR  may  be  connected  together.  For  systems  using  oni^^yme 
DATA  signal,  DR  and  DL  may  be  connected  together. 
TheAD1865  operates  with  ±5  V  power  supplies.  The  digital  sup- 
ply, V[ ,  can  be  separated  from  the  analog  supplies,  Vs  and  —  Vj, 
for  reduced  digital  feedthrough.  Separate  analog  and  digital 
ground  pins  are  also  provided.  The  AD1865  typically  dissipates 
only  225  mW,  with  a  maximum  power  dissipation  of  260  mW. 

The  ADI865  is  packaged  in  both  a  24-pin  plastic  DIP  and  a 
28-pin  SOIC  package.  Operation  is  guaranteed  over  the  teniper- 
ature  range  of  -25''C  to  -f70°C  and  over  the  voltage  supplj v 
range  of  ±4.75  V  to  ±5.25  V.        '  ?  ^        has  jV  .! 

PRODUCT  HIGHLIGHTS  '~.  '  - 

1.  The  AD1865  is  a  Complete  Dual  18-Bit  AuJo^fiSbv 

2.  1 10  dB  Signal-To-Noise  Ratio  for  i©#^ASse  operation. 

3.  THD-t-N  is  typicaUy  0.003%. 

4.  Interdiannel  ^in  and  midscale  matching. 

5.  Output  voltages  and  ^uiraits  are  cophased. 

6.  Low ^tch  for  improved  sound  quality.         '  ^  ' 

'  'T.-^'Ba&'icbannels  are  100%  tested  at  16  x  Fo. 
h  ■■ 

8.  Low  Power— only  225  mW  typ,  260  mW  max. 

9.  Five-wire  interface  for  individual  DAC  control. 
10.  24-pin  DIP  or  28-pin  SOIC  packages  available. 


'Protected  by  U.S.  Patents  Nos.:  KE  3fitl^2^  4441^ 

4,349,811;  4,835,618.  4,857,862. 
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Am  OCR       CDrPICIPATiriMC     =  =  +Vs  =  +5Vaiid  -Vj  =  -5  V,  Fj  =  705.6  kHz,  no  MSB 

HU  I  OD  J  OrLUiriUAJ  lUNO  adjustment  or  deglitcher) 


Parameter 


Min 


Typ 


Max 


Unit 


RESeLUTION 


18 


Bits 


DIGITAL  INPUTS  V,h 

r  v„ 

'    Im.V„ 


.+v. 


Qock  Input  ftegyenisy  fg^.^  «aq> 


2.0 


US 


0.8 
-10 


V 

V 

|iA 

pA 

MHz 


ACCURACY 
Gain  Error 

Interchannel  Gain  Matching 
^    Midscale  Error 

Interchannel  Midscale  Matching 
Gain  Linearity  (0  dB  to  -90  dB) 


%2  1<0 

m  0.8 

S 

<2 


dR    ^  . 


DRIFT  (CC  to  +70°C) 
Gain  Drift                     i  j  j    (  !  i 
Midscale  Drift 

±25  *Wf^- 

±4 

ppm  of  FSR/°C 
ppm  of  FSR/°C 

TOTAL  HARMONIC  DISTORTION  +  NOISE*  " 
0  dB,  990.5  Hz        AD1865N,  R 

AD1865N-],  R-J 
-20  dB,  990.5  Hz    AD1865N,  R          \,'L  j 

AD1865N-J,  R-J  X-fej]  xi:. 
-60  dB,  990.5  Hz    AD1865N,  R  1 

AD1865N-JV<R-JH 

0.004  0.006 
0.003  0.004 
0.010  0.040 
0.010  0.020 
1.0  4.0 
1.0  2^6 

%  ""■ 

% 

%     ■■  ■ 

% 

% 

% 

CHANNEL  SEPARATION* 
0  dB,  990.5  Hz 

no  116 

dB 

SIGNAL-TO-NOISE  RATIO*  (20  Hz  to  30  kHz) 

107  110 

dB 

D-RANGE*  (with  A- Weight  Filter) 
-60  dB,  990.5  Hz     AD1865N,  R 

AD1865N-J,  R-J 

88  100 
94  100 

dB 
dB 

OUTPUT 
Voltage  Output  Configuration 

Output  Range  (±1%) 

Output  Impedance 

Load  Current 

Short  Circuit  Duration 
Current  Output  Configuration 

Bipolar  Output  Range  (±30%) 

Output  Impedance  (±30%) 

B  .anainste  i<  1,: 

±2.94            ±3.0  ±3.06 
0.1 

±8 

Indefinite  to  Common 

±1 
1.7 

V 

n 

mA 
mA 

kn 

POWER  SUPPLY 
-I-Vl  and  -t-Vs 
-Vs 

+1,  +VLand  -t-Vs  =  +5V        •      ■  -  o'  7  is,, 
-I,  -Vs  =  -5  V 

4.75               5.0  5.25 
-5.25             -5.0  -4.75 
22  26 
-23  -26 

V 

V        -  - 
mA  a 
mA 

POWER  DISSIPATION!,,  TfVi.  =  -l-Vs  =  +5  V,  -Vs  =  -5  V 

■  ^' m  m 

mW 

TEMPERATURSlfeKNSiE 
Specification 
Operation 
Storage 

0                  +25  -t-70 
-25  +70 
-60  +100 

°C 
°C 
"C 

WARMUPTIME 


1 


Specifications  shown  in  boldface  are  tested  on  prodaction  units  at  final^test  without  optional  MSB  adjiismient.  ' 

•Tested  in  accordance  with  EIAJ  Test  Standard  CP-307  with  18-bit  data.  ^'ii.i  ii: , 

Specifications  subject  to  change  without  notice. 
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ABSOLUTE  MAXIMUM  RATINGS*  "Stresses  greater  than  those  listed  under  "Absolute  Maximum  Ratings"  may 

V    to  DGND  0  to  6  0  V         cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and 

AGND  0  t   6  0  V        functional  operation  of  the  device  at  these  or  any  other  conditions  above  those 

s    indicated  in  the  operational  section  of  this  specification  is  not  implied. 

— Vg  to  AGND   —6.0  to  0  V        Exposure  to  absolute  maximum  rating  conditions  for  extended  periods  may 

AGND  to  DGND   ±0.3  V        affect  device  reUabiUty. 

Digital  Inputs  to  DGND   -0.3  to  ,  ,    -;,      ■  ;,  v.  ,t>uiin?,r.n' »r;  -  ,   .     .  .  n 

Short  Circuit  Protection  Indefinite  Short  to  Ground 

Soldering   300°C,  10  sec 

CAUTION  

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
hopevet,  pmnanent  damage  may  occur  on  unoonnected  devices  subject  to  high  energy  electro- 
static fidds.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  ptotedtive'icHl^ 
should  be  discharged  to  the  destination  socket  before  devices  are  removed. 


WARNING 


U=3 


ESD  SENSITIVE  DEVICE 


ORDERING  GUIDE 


Temperature 

Package 

Model 

Range 

THD+N  @  FS 

Option* 

AD1865N 

-25°C  to  +70°C 

0.006% 

N-24 

AD1865N-J 

-25°C  to  +70°C 

0.004% 

N-24 

AD1865R 

-25°C  to  +70°C 

0.006% 

R-28 

AD1865R-J 

-25°C  to  +70°C 

0.004% 

R-28 

PINOUT 
(24-Pin  DIP  Package) 


RIGHT 
CHANNEL 


*N  =  Plastic  DIF,  R  ^  Smidl  diitliiil  i£-)hiekige.  Fbt  ei^&e  ii^&tikdoil ' 


PIN  DESIGNATIONS 


1 1    vrE-i:  : 


DIP 

SOIC 

J. 

.22-....:  , 

Negative  Analog  Supfdy 

2 

.23b,-.  .i- 

TRIM 

Right.  Channel  Trim  Network' Connection 

3 

24i 

MSB.. 

.lUght'CbaoneliTriR'BQtiaHiometeT  . 

Wiper Gomiectuni  . 

4 

26 

lotrr 

Right  Channel  Output  Current 

5 

28 

AGND 

Analog  Common'Pin 

6 

1 

SJ 

Right  Channel  Amplifier  Summing  Jtmctioa 

7 

2 

Rp 

Right  Channel  Feedback  Resistor 

8 

3 

VoUT 

Right  Channel  Output  Voltage 

9 

4 

+  Vi. 

Positive  Digital  Supply  v 

10 

5 

DR 

Right  Channel  Data  Input  Pin 

11  ' 

6 

LR 

Right  Chaimel  Latch  Pin 

12 

7 

CLK 

Qock  Input  Pin 

13 

g 

DGND 

Digital  Common  Pin 

14 

9 

LL 

Left  Chaimel  Latch  Pin 

15 

10 

DL 

Left  Channel  Data  Input  Piii 

16 

11,  16,  18 

NC 

No  Internal  Connection* 

25,  27 

17 

12 

VoUT 

Left  Channel  Output  Voltage 

18 

13 

Rp 

Left  Channel  Feedback  Resistor 

19 

14 

SJ 

Left  Channel  Amplifier  Summing  Junction 

20 

15 

AGND 

Analog  Common  Pin  b 

21  , 

17 

Iqut 

Left  Channel  Output  Ciurent 

22 

MSB 

Left  Channel  Trim  Potentiometer 

Wiper  Connection 

23 

20 

TRIM 

Left  Channel  Trim  Network  Connection 

24 

21 

+Vs 

Positive  Analog  Supply 

*ni>  16  has  ne  internal  ccnmection;  -V^  from  ADIg64  DIP  socket  tan  be  safe^  t^^ed. 


-^s  [l  .* 
TRIM  [B 

MSB  [T 

'out 

AGND [7 

SJ  |T 

Bp  [7 

Vout[T 

DR  [lO 
LR  [lT 


AD186S 

TOP  VIEW 
(Not  to  Scale) 


ilMSB 

2l]loUT  CHANNEL 
2a]  AGND 
19]sj 
18]Rf 

it]  Vqut 
is]  NC 

is]  DL 
14]  LL 

2il  D9HR 


NCbNO  CONNECT 


XiK-m  son 


nowra  i^y 


if  11. 


sjq:  • 

Vout[3 

DR  [T 
LR  [? 
CLK  [7 
DGND  [T 
LL  [7 
DL^ 
NC|l1 

SJ 


AD1865 

TOP  VIEW 
(Not  to  Scale) 


^  NCl 

ID  lour- 

NC 

m]msb 

23]  TRIM 

m-vs 

20]  TRIM 
ti]MSB 

ii]Nc 

in 'out 


NC  =  NO  CONNECT 


:lBBif!.0 
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AD1 865— Definition  of  Specifications 


TOTAL  HARMONIC  DISTORTION  +  NOISE 

Total  harmonic  distortion  plus  noise  (THD+N)  is  defined  as 
the  ratio  of  the  square  root  of  the  si'm  of  the  squares  of  the  am- 
phtudes  of  the  harmonics  and  noise  lo  the  value  of  the  funda- 
mental input  frequency.  It  is  usually  expressed  in  percent. 

THD+N  is  a  measure  of  the  magnitude  and  distribution  of  lin- 
earity error,  differential  linearity  error,  quantization  error  and 
noise.  The  distribution  of  these  errors  may  be  different,  depend- 
ing on  the  amplitude  of  the  output  signal.  Therefore,  to  be  mosc 
useful,  THD+N  should  be  specified  for  both  large  (0  dB)  and 
small  (-20  dB,  -60  dB)  signal  ampUtudes.  THD+N  measure- 
ments for  the  AD  1865  are  made  using  f 
and  noise  out  to  30  kHz. 


SIGNAL-TO-NOISE  RATIO 

The  signal-to-noise  ratio  is  defined  as  the  ratio  of  the  amplitude 
of  the  output  when  a  full-scale  code  is  entered  to  the  amplitude 
of  the  output  when  a  raidscale  code  is  entered.  It  is  measured 
using  a  standard  A-Weight  filter.  SNR  for  the  AD1865  is  mea- 
sured for  noise  iHMiHtes  OHt  to  30  Mi.  Mm 


CHANNEL  SEPARATION 

Channel  separation  is  defined  as  the  ratio  of  the  amplitude  of  a 
full-scale  signal  appearing  on  one  channel  to  the  amplitude  of 
that  same  signal  which  couples  onto  the  adjacent  chsmnel.  It  is 
usually  expressed  in  dB.  For  the  AD186S  channel  separation 
is  measured  in  accordance  with  EIAJ  Standaj^  CP-307,  Section 

D-RANGE  DISTORTION 

D-Range  distortion  is  equal  to  the  value.<^  the  total  harmonic 
distortion  +  noise  (THD+N)  plus  60  48  vrhen  a  signal  level  of 
—60  dB  below  fiill  scale  is  reproduced.  D-Rwge  is  tested  with  a 
1  kHz  input  sine         This  is  measured  iwitfa  a  standard 
A-Wd^t  fflwj^'lgecified  by  EIA]  StandMCP-307. 

GAIN  ERROR 

The  gain  error  specification  indicates  how  closely  the  output  of  a 
given  chatmel  matches  the  ideal  output  for  given  input  data.  It 
is  expressed  in  %  of  F^R  ^nd  is  mea^ui^  with  a  full-scale  out- 
put signal. 

INTERCHANNEL  GAIN  IVIATCHING 

The  gain  matching  specification  indicates  how  closely  the  ampli- 
tudes of  the  output  signals  match  when  producing  identical  in- 
put data.  It  is  expressed  in  %  of  FSR  (FuU-Scale  Range  =  6  V 
f(»  the  AD186S)  and'isimeasiured  with  ttill-scale  output  signals. 

MIDSCALE  ERROR 

Midscale  error  is  the  deviation  of  the  actual  analog  output  of  a 
given  channel  from  the  ideal  output  (0  V)  when  the  twos  com- 
plement input  code  representing  half  scale  is  loaded  into  the  in- 
put register  of  the  DAC.  It  is  expressed  in  mV  and  is  measured 
with  half-scale  output  signals. 

^ .« 


INTERCHANNEL  MIDSCALE  MATCHING 

The  midscale  matching  specification  indicates  how  closely  the 
amplitudes  of  the  output  signals  of  the  two  channels  match 
when  the  twos  complement  input  code  representing  half  scale  is 
loaded  into  the  input  register  of  both  channels.  It  is  expressed  in 
mV  and  is  measured  with  half-scale  output  signals. 

FjUNCX^ONAL  DESCRIPTION  , 
The  ADI86S  is  a  complete,  monolithic,  dual  18-bit  audio  DAC. 
No  external  components  4Fe  required  for  operation.  Ai  shown  in 
the  bl<^k  diagram,  each  chip  contains,  two  vdtage'it&iSiiCes, 
two  output  amplifiers,  tw«>'I%<btf%feMIF'i^ta|<il|£sters  aiid  two 
18-bii  DACs. 


The  voltage  reference  section  provides  a  reference  voltage  for 
each  DAC  circuit.  These  voltages  are  produced  by  low-noise 
bandgap  circuits.  Buffer  amplifiers  are  also  included.  This  com- 
bination of  elements  produces  reference  voltages  that  are  unaf- 
fected by  changes  in  temperature  and  age. 

The  output  amplifiers  use  both  MOS  and  bipolar  devices  and 
incorporate  an  all  NPN  output  stage.  This  design  technique  pro- 
duces higher  slew  rate  and  lower  distortion  than  previous  tech- 
niques. Frequency  response  is  also  improved.  When  combined 
with  the  appropriate  on-chip  feedback  resistor,  the  output  op 
amps  cpnvert  ^  output  ^niccem  to  putput  yoltages. 

The  18-bit  D/A  converters  use  a  combination  of  segmented  de.^ 
coder  and  R-2R  architecture  to  achieve  consistent  linearity  and 
differential  linearity.  The  resistors  which  form  the  ladder  struc- 
ture are  fabricated  with  silicon  chromium  thin  filao.  Laser  trim- 
ming of  these  resistors  further  reduces  linearity  errors  resulting  - 
in  low  output  distortion. 

The  input  ie^iiee»  ^'fifedcated  with  CMOS  logic  gates> '  These 
gaies'aBoW  Ae  adtte««an6nt  of  fast  smtching  9)peeds  and  low 
power  jeonsuniptioBv  contributing  'to  the  Ia«c^tcb  and  1^  i 
power  dissipation  of  the  AD186S. 

r.r  a.  r 

K  I 
m]  +Vs 

23]  TRIM 

22I  MSB 

ill  loUT 
20]  AGND 

lil  SJ 
l|]  Rp 
it]  VouT 
16]  NC 
isl  DL 
14]  LL 
131  DGND 


-Vs  [T 
TRIM  [T 
MSB  [T 

'out  {±_ 
AGND  [T 
SJ  [T 


+Vl  [T 
DR  [10 
LR  [lT 

CLX  [12 
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AD186S 


Rf  [T  -wv 
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NC: 


NO  CONNECT, 

■  iiy..    ML/i  1 


OS 

-7i\P186S  meet  Diagram  (DIP  Pmagiil  — 


OREVeo 


Typical  Performance  Data— AD1 865 
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Ir.      Figure  1.  THD+N  (dB)  vs.  Frequency  (kHz) 
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4  8  12 

FREQUENCY  -  kHz 

Figure  2.  Ciiannel  Separation  (dB)  vs.  Frequency  (kHz) 
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Figure  3.  THD+N  (%)  vs.  Temperature  CO 
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Figure  4.  THD+N  (dB)  vs.  Load  Resistance  Ul) 
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Figure  5.  Gain  Linearity  (dB)  vs.  Input  Amplitude  (dB) 
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The  AD186S  has  three  ground  pins,  two  labeled  AGND  and 
one  labeled  DGND.  AGNDj  die  analog  ground  pins,  are  the 
"high  quality"  ground  references  for  the  device.  To  minimize 
distortion  and  reduce  crosstalk  between  channels,  the  analog 
ground  pins  should  be  connected  together  only  at  the  analog 
common  point  in  the  system.  As  shown  in  Figure  6,  the  AGND 
pins  should  not  be  connected  at  &e  chip. 


-ANALOG 
SUPPLY 

1  : 
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-K 
H 

L  - 

<7 

HI 
HZ 

AD1865 

-Vs 

TRIM 
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MSB 

'out 

•out 

AGND 

AGND 

SJ 

SJ 

Rf 

Rf 

VoUT 

VouT 

*Vl 

NC 

DR 

DL 

LR 

LL 

CLK 

DGND 

Z4J 

1. 

iil 

T 

V 

zli 

20)— 

<7 

i 

m 

13]— 

ANALOG 
SUPPLY 


Figure  6.  ReeomnwneM  Qicuit  Schematic 


The  digital  ground  pin  returns  ground  current  from  the  digital 
logic  portions  of  the  AD1865  circuitry.  This  pin  should  be  con- 
nected to  the  digital  common  pin  in  the  system.  Other  digital 
logic  chips  should  also  be  referred  to  that  point.  The  analog  and 
digital  grounds  should  be  connected  togetbeir  afone 
system,  preferably  at  the  power  supply. 

POWER  SUPPLIES  AND  DECOUPLING      ""^  " '  ' 
The  AD186S  has  three  power  supply  input  pins.  ±Vs  provides 
the  supply  voltages  which  operate  the  analog  portions  of  the 
DAC  including  the  voltage  references,  output  amplifiers  and 
control  amplifiers.  The  ±Vs  supplies  are  designed  to  operate 
from  ±5  V  supplies.  Each  supply  should  be  decoupled  to  analog 
common  using  a  0.1  i>.F  capacitor  in  parallel  with  a  10  |XF  ca- 
incitqr.  Good  engineering  practice  suggests  that  the  bypass  ca- 
pacitors be  placed  as  close  as  possible  to  the  package  pins.  This 
minimizes  the  parasitic  inductive  effects  of  printed  circuit  board 
traces: 

The  -i-Vl  supply  operates  the  digital  portions  of  the  chip  in- 
cluding the  input  shift  registers  and  the  input  latching  circuitry. 
This  supply  should  be  bypassed  to  digital  common  using  a 
0.1  (iF  capacitor  in  parallel  with  a  10  (jlF  capacitor.  -i-Vl  oper- 
ates ^th  a  +5  V  suijply.  In  order  to  assure  proper  operation  of 
the  ADi86S,  —Vg  must  be  the  most  negative  power  supply  volt- 
age at  all  times. 

Though  separate  positive  power  supply  pins  are  provided  for 
the  analog  and  digital  portions  of  the  AD  1865,  it  is  also  possible 
n>  use  the  AD186S  in  systems  featuring  a  single  +5  V  power 
supply.  InthiscaiejM^te+Vs  Mid  -f-Vi.  ^pK  sioi  ^k^nU 
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uE  wiuiccicu  m  me  smgie  -t>3  V  power  sssfj^.  ims  leature  a:- 
lovrs  reduction  of  die  cosLaad,oi>mplwti^  ef  ■Wig  jyspa^power 

supidy.  .        _  „        1  _! 

As  with,  most  linear  circuits,  changes  in  the  power  supplies  will 
affect  the  output  of  the  DAC.  Analog  Devices  lecuuiumds  that 
well  regulated  piiwer  supplies  with  less  tfaan^jSks^irie  lie  'vBsm- 
porated  iiito  the  design  of  inf  audio  system.  |  ^  a 

DISTORTION  PERFORMANCE  AND  TESTING 

The  THD-l-N  figuie.of  an  audio  DAC  represents  the  amomit  of 
undesirable  signal  produced  4uring  reomstruction  and  playback 
of  an  aiidio  waveform.  The  THD-t-N  specification,  therefore, 
provides  a  direct  method  to  classify  and  choose  an  audio  DAC 
for  a  desired  level  of  performance.  Figure  1  illustrates  the  typi- 
cal THDh-N  performance  of  the  ADI863  versus  frequency.  A 
load  in^Sidance  Of  at  least  l.S  kfl  is  reei^IIiSefided  ^tet 
THD-l-N  performance. 

Analog  Devices  tests  and  grades  all  AD1865s  on  the  basis  of 
THD-t-N  performance.  During  the  distortion  test,  a  high-speed 
digital  pattern  generator  transmits  digital  data  to  each  channel  of 
the  device  under  test.  Eighteen-bit  data  is  transmitted  at 
705.6  kHz  (16  x  Fj).  The  test  waveform  is  a  990.5  Hz  sine 
wave  with  0  dB,  -20  dB  and  -60  dB  ampUtudes.  A  40%  point 
FFT  calculates  total  harmonic  distortion  +  noise,  signal-to-noise 
ratio,  D-Range  and  channel  separation.  No  deglitchers  or  MSB 
trims  are  used  in  the  testing  of  the  AD1S6S. 

OPTIONAL  MSB  ADJUSTMENT 

Use  of  optional  adjust  circuitry  allows  residiul  distortion  error 
to  be  eliminated.  This  distordon  is  e^eddly  important  when 
low  amplitude  signals  are  being  r^aeedlWid-  The  MSB  adjust 
circuitry  is  shown  in  Figure  7.  The  Ota  pMSMiometer  diould 
be  adjusted  to  produce  the  lowest  distortiiai  osuag  an  input  sig- 
nal with  a  -60  dB  amplitude. 


470kii  lOOkil  Tomia 


Figure  7.  Optional  THD+N  Adjust  CircuitrY 
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Digital  Circuit  Considerations— AD1 865 


CURRENT  OUTPUT  MODE 

One  or  both  channels  of  the  AD1865  can  be  operated  in  current 
output  mode.  Iqut  can  be  used  to  directly  drive  an  external 
cnirent-to-voltage  (I-V)  converter.  The  internal  feedback  resis- 
tor, Rp,  can  still  be  used  in  die  feedback  path  of  the  extanal 
I-V  converter,  thus  fi«(riiig|^it     tracks  Ae  DAC  over  tigie 
and  temperature. 

Of  course,  ibe  AD186S  can  also  be  used  in  voltage  output  mode 
is  order  to  utilize  the  onboard  I-V  converter. 


VOLTAGE  OUTPUT  MODES 

As  shown  on  the  block' ffiagram,  each  channel  of  the  AD186S  is 
complete  with  an  I-V  converter  and  a  feedback  resistor.  These 
can  be  connected  externally  to  provide  direct  voltage  output 
from  one  or  both  AD1865  channels.  Figure  6  shows  these  con- 
nections. Iqut     connected  to  the  Summing  Junction,  SJ. 
Vqvt  is  connected  to  the  feedback  resistor,  Rp.  This  implemen- 
tation results  in  the  lowest  possible  component  count  and 
achieves  the  specifications  shown  on  the  SpecificatioiUFgage 
while  cqieraling  at  16  x  Fs-  ^  ,r| 
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INPUT  DATA 

Data  is  transmitted  to  the  AD186S  inahit.se^m  cdn^ioaied  of 
18-bit  words  nrith  a  serial,  twos  complement,'  MSB  first&rmat. ' 
Data  Left  (DL)  and  Data  Right  (DR)  are  the  seritdinputs  for 
the  left  and  right  DACs,  respectively.  Similarly,  Latch  Left  '  , 
(LL)  and  Latch  Right  (LR)  update  the  left  and  right  DACs. 
The  Ming  edge  of  LL  and  LR  cause  the  last  18  bits  which 
were  clocked  into  the  Serial  Registers  to  be  shifted  into  the 
DACs,  thereby  updating  the  DAC  outputs.  Left  and  Right 
channels  share  the  Clock  (CLK)  signal.  Data  is  (;Ioc)jLed  ii)^o  th^. 
input  registers  on  tljisripniieiiige  ojp^^  t  i' 

Figure  8  illustiates  the  general  agmd  lequitemotts  for  data  '  -^r  -il 
transfer  for  the  AD186S. 


TIMING  rar'W.r-T¥A- 

I^gune'94UustiaeK  die^ipeeific  timing  tequirements  that  must 
be  met  in  rader  forthedtta  Bsmsfer  to  be  accomplished  prop- 
erly. T&e  input  pins  of  the  ADlg6Si|!H»  He^  TTL  and  S  V 
CMOS  compatible.  ■"■'^vm'-ny   t 

The  minimum  clock  rate  of  the  AD1865  is  at  least  13.5  MHz. 
This  clock  rate  allows  dau  transfer  rates  of  2x,  4x,  8x  and 
16  X  Fs  (wh«(e  Ps  e^aak  44.1  kHz). 
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Figure  9.  AD186S  Timing  IXagram 
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F/gure  70.  Complete  8  x  Fs  18-Bit  CD  Player 


18-BIT  CD  PLAYER  DESIGN  0  /  J/.l 

Figure  10  illustrates  agi  18?!% CP  ipl»^:<lesigP'BM8H«'|>aiaiting  an  ' 
ADlg^  D/A  wnvertec,  8n  NESS32  'ditali«>pi^p  aad  ^e- 
SMS813  digit«l  filter  chip  manuftciured  by  NPC.  In  this  design, 
die  SMS813  filter  transmits  left  and  right  digital  data  to  both 
channels  of  the  AD  1865.  The  left  and  right  latch  signals,  LL 
and  LR,  are  both  provided  by  the  word  clock  signal  (WCKO)  of 
the  digital  filter.  The  digital  ^^^^^|^ie$  d^tp  ^  ^.8  .x 
ovenample  rate  to  each  charalL  ■  t .  ,    -  ^  . 

The  digital  data  is  converted  to  malog  output  voltages  by  the 
output  amplifiers  on  the  AD186S.  Note  diat  no  external  conqx>- 
nents  ace.  xHpbei  tf  ^  Abo,  no  deglitchiBg  eif< 

cuitif  iKfBeaaieiiL 


An  NBS53B<dnal  q>iafi9^'i»u8ed  ro'prO'v^  die  output  antialias 
filteas.re^UBvdfiilr^  adeqame'inti^lreiection.  One  2-pole  filter  ^ 
section  is  provided  for  each  channel.  An  additional  pole  is  cre- 
ated from  the  combination  of  the  internal  feedback  resistors 
(Rp)  and  the  external  capacitors  CI  and  C2.  For  example,  the 
nominal  3  kH  Rp  with  a  360  pF  capacitor  for  CI  and  C2  will 
place  a  pole  at  approximately  147  kHz,  effectively  eUminating  all 
high  fireqaency  noise  fcomponents. 

Lo<ir  t^drtioA;  supieriA'f  ihannel  s^«ration,  low  power  ,con- 
sumption  and  a  low  parts  boimt 'are  aA  ra^ized  by  this  simple 
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MULTICHANNEL  DIGITAL  KEYBOARD  DESIGN 
I^gure  11  illustrates  how  to  cascade  AD186S's  to  add  multiple 
voices  to  an  electronic  musical  instniment.  In  this  example,  the 
data  and  clock  signals  are  shared  between  all  six  DACs.  As  the 
data  representing  an  output  for  a  specific  voice  is  loaded,  the 
appropriate  DAC  is  updated.  For  example,  after  the  18-bits  rep- 
resenting the  next  output  value  for  Voice  4  is  clocked  out  on  the 
data  line,  then  "Voice  4  Load"  is  pulled  low.  This  produces  a 
new  output  for  Voice  ^4.  Furthermore,  all  voices  can  be  returned 
to  the  same  oiuimt  by  pulling  all  ^  load  signals  low. 


In  this  application,  the  advantages  of  choosing  the  AD  1865  are 
clear.  Its  flexible  digital  interface  allows  the  clock  and  data  to  be . 
shared  among  all  DACs.  This  reduces  PC  board  area  requite- 
ments^iqd'Also  simplifies  the  actual  layout  of  the  board.  The 
low  powa.  requirements  of  the  AD  1865  (approximately 
22S  mW)  is  an  advantage  in  a  multiple  DAC  system  where  any  ■■ 
power  advantage  is  multiplied  by  the  number  of  DACs  used. 
The  AD1865  requires  no  external  components,  simplifying  the 
design,  reducing  the  total  number  of  components  required  and 
fnhmiring  rdiability. 
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^Figure  11.  Cascaded  AD1 865s  in  a  Multichannel  Keyboard 
Instrument  ■ 
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JSDDITIONAt.  APPOOITKJNS    

H{^i]£s  12  tlin]u#  :14^ow  eomieetion' dUgram 
M)186S  and  standard  digital  Oter  cUps  fiom  Ya^ha,  NFC 
md  Soft^' Eacb  figuie  is  an  exaiiiple  of  icophase  opeiaasBmiBimiii 
ating  .at'8  M     for  each  >diannel.  The  Z-pole  BaiKh  laat>|cs»n9iD 
filters  shovM  in:SigM¥~]^Q  cata  be  used  n4th;Blt  fflf  ite  appH^'^  ' 
tioas show* in  difflf data  sheeti    '    •■       ^ci  .  .■:> 
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Figure  12.  AD  imS  liw/tfe,  Yamaha  mtw 
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Figure  13.  AD1865  with  Sony  CXD1244S  Digital  Filter 


tSV  ANALOG 
SUPPLY 


AD1865 

-Vs 

♦Vs 

TRIM 

TRIM 

MSB 

MSB 

'out 

•out 

AGND 

AGND 

SJ 

SJ 

Rf 

Rf 

VouT 

Voi/T 

*Vl 

NC 

DR 

DL 

LR 

LL 

CLK 

DGND 

•H  LPF  |-CHAimEL 
OUTPUT 


LPF  [-CHANNEL 
OUTPUT 


«SVOKilTALSUHni« 


Figure  m  mm^mb  snpc  smssimp  oigmt  i^r 


DEVICES 


Qual  16-Bit  Audio  DAC 


AD1866' 


Ge  

\  V. 

LL 

DL 

FEATURES 

Dual  Serial  Input,  Voltage  Ou4 
Single  +5  Volt  Supply 
0.005%  THD+N  I 
Low  Power— 45  mW 
115  dB  Channel  Separation 
Operates  at  8x  Overaampling 
16-Pbi  Plaatic  tMPorSOie  i 

APPUCATIOrilS  I 
Multimedia  Worlcstatioiis 
PC  Audio  Add-In  Boards 
Portable  CD  and  DAT  Players 
Automotive  CD  and  DAT  Players 
Noise Cancallitian  !'>  ' 


PRODUCT  DESCRIPTION 

Hie  AD1866  is  a  complex  dual  16-bit  1 
perfoniUDCe  while  lequiiing  a  single  +S 
&bricaK^  on  Analog  Devices'  AB^j^^ 
cess.  The  mtnioiithic  ch^  indude^uolyi 
bqxdar  imd  MOS  linear  demoits  anUasa  1 
resistor  elements.  Careful  design  and  layout* 
resulted  in  low  distortion,  low  noise,  high  i 
and  low  power  dissipation. 

The  DACs  on  the  AD1866  chip  employ  a  partially  segmented 
architecture.  The  first  three  MSBs  of  each  DAC  are  segmented 
into  7  elenients.  The  13  LSBs  are  prbduced  using  standard 
R-2R  techniques.  The  segments  and  R-2R  lesi^qrs  are  laser 
trimmed  to  provide  eztronely  low  total  harmonic  distortion. 
The  AD1866  requires  no  deglitcher  or  trimming  circuitry. 

Each  DAC  is  equipped  with  a  high  performance  output  ampli- 
fier. These  amplifiers  achieve  fist  settling  and  hi^  slew  rate, 
producing  ±  1  V  signals  at  load  currents  up  to  ±1  mA.  The 
buffered  output  signal  range  is  1.5  V  to  3.5  V.  The  2.5  V  refer- 
ence voltages  eliminate  the  need  for  "false  ground"  networks. 

A  versatile  digital  interface  allows  the  AD1866  to  be  directly 
connected  to  all  digital  filter  chips.  Fast  CMOS  logic  elements 
allow  for  an  input  clock  rate  of  up  to  16  MHz.  This  allows  for 
operation  at  2x,  4x,  8x,  or  16x  the  sampling  frequency 
(where  Fs  =  44.1  kHz)  for  each  channel.  The  digital  input  pins 
of  die  AD1866  are  TTL  and  +5  V  CMOS  compatible. 


FUNCTIONAL  BLOCK  DIAGRAM 


AD1866  operates  on  +5  V  power  supplies.  The  digital  sup- 
L,  can  be  separated  from  the  analog  supply,  Vg,  for 
uced  digital  feedthrough.  Separate  analog  and  digital  ground 
pins  are  also  provided.  Is  systems  employing  a  single  +5  volt 
power  supply,  Vi,  and  Vs  diould  be  coimected  together.  In  bat- 
tery operated  systems,  operation  will  ^tini^e  even  with 
reduced  supply  voltage.  Typically,  &  A^lg66  dissipates 
45  mW. 

The  AD 1866  is  packaged  in  either  a  16-pin  plastic  DIP  or  a 
16-pin  plastic  SOIC  package.  Operation  is  guaranteed  over  the 
temperature  range  of  -35°C  to  -l-85°C  and  over  the  voltage  sup- 
ply rn«e  of  4.75  V  to  S.2S  V.  ,.  , 


PRODUCrmGHLIGHTS 

1.  Single  supply  operation  @  -1-5  V. 

2.  45  mW  power  dissipation. 

3.  THD-I-N  is  0.005%  (typical). 

4.  Signal-to-Noise  Ratio  is  55^38  (typical). 

5.  115  dB  channel  separation  (typical). 

6.  Compatible  with  all  digital  filter  chips. 

7.  16-pin  DIP  and  16-pin  SOIC  packages. 

8.  No  deglitcher  required. 

9.  No  external  adjustments  required. 


•Aottcted  bjr  U.S.  nmat  nm  i^S^m,  4,M1,004;  4,34»,nii  i0^JI>Bk 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  pbVgatipn  rse^fdinfi, futMf9  rcianufactuF^  unless  otherwise  agreed  to  in  writing. 
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DIGITAL-TO-ANALOG  CONVERTERS  2-235 


RESOLUTION 


DIGITAL  INPUTS 


— -I, 


, V„  =  DGND 


Maximum  Clock  InpK  tieejaency ' 


ACCURACY 
Gain  Error 
Gain  Matching 
Miscale  Error 
Midscale  Error  Matching 
Gain  Linearity  Error 


DRIFT  (0°C  to  7(rC) 
Gain  Drift 
Midscale  Drift 


TOTAL  HARMONlfc  WSTORTION  +  NOISE 
0  dSf990.5  Hz  AD1866N 
ADi866R 

-20  dB,  990.S/HZ  ADi866N 
ADI866R 

-60dB,990.S  Hz  AD1866N 
AD1866R 


CHANNEL  SEPARATION    1  kHz,  0  dB 


SIGNAL-TO-NOISE  RATIO  (with  A- Weight  Filter) 


D-RANGE  (widi  A-Weight  Filter) 


Vahage'Cu^Mt  Pins  (Vol,  Vqr) 
*'«8ttliut  Range  (±3%) 

^)i%iut  Impedance 

'Loinl  Current 
Bias  Voltage  Pins  (Vbl,  Vbr) 

Oiit^Kange 

Output  Impedance 


POWER  SUPPLY 
Specification,  Vl  and  Vg 
Operation,  Vt  and'Vj 
+1,  Vl  and  Vs  =  5  V 


■  ii- 


-X  - 
.i  ■> 


7  i'-  >  V, 


POWHl  DISSIPATION 


TEMI^RATURE  RANGE 
Opdanofi 
Storage 


Specifications  subject  to  change  without  notice. 
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ThiSflhformation  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  futattiNMW|ii«liMWUnla»  >  -X- 


2-23B  j)mimf!a-^mAioe.mNveB3xim^, 


mm 


ANALOG 
DEVICES 


iiiV. 


Single  Supply 
Duall  8-Bit  Audio  MC 


AD1868' 


FEATURES  ^f- 

Dual  Serial  Input,  Voltage  Output iDilCa 
'  Single  +5  V  Supply  !  * 

-■  ;  OiiOM%  THQ+N  (typical)  '  n 

LowiPoweri  50  mW  (typical)  ft- 

>1.16dB  Chknnel  Separation  (typical)  :  - 

Operates  at  8x  Oversampling 
-   16-Pin  Plastic  DIP  or  SOIC  Package- '   

APPLICATIONS 

Portable  Compact  Disc  Players   

Portable  DAT  Players  and  Recorders  ~ 
Automotive  Compact  Disc  Players 
Automotive  DAT  Players 
MUttniariiaj  Workstations 

')i-0.0 

PRODUCT  DESCRIPTION 

The  AD1868  ista  complete  dual  18-bit  DAC  offering  excellent 
performance  while  requiring  a  single  -1-5  V  power  supply.  It  is 
fabricated  on  Analog  Devices'  ABCMOS  wafer  fabrication  pro- 
cess. The  monolithic  chip  includes  CMOS  logic  elements,  bipo- 
lar and  MOS  linear  elements,  and  laser-trimmed  thin-film 
resistor  elements.  Careful  design  and  layout  techniques  have 
resulted  in  low  distortion,  low  noise,       dtmamA  s^lM^M 
and  low  power  dissipation. 

The  DACs  on  the  AD1868  chip  employ  a  partially  segmented 
architecture.  The  first  three  MSBs  of  each  DAC  are  segmented 
into  seven  elements.  The  15  LSBs  are  produced  using  standard 
R-2R  techniques.  The  segments  and  R-2R  resistors  are  laser- 
trimmed  to  provide  extremely  low  total  harmonic  distortion. 
The  AD1868  requires  no  deglitcher  or  trimming  circuitry. 

Each  DAC  is  equipped  with  a  high  performance  output  ampli- 
fier. These  amplifiers  achieve  fast  settling  and  high  slew  rate, 
producing  ±  1  V  signals  at  load  currents  up  to  ±  1  mA.  The 
^  btlffwsd  output  signal  rai^  is  1.5  V  to  3.5  V,  Reference  volt- 
ages of  ^.S  V  are  proTOi^  Btiaii«M«"rig-die need  Jar  '!EaIse   

Ground"  networks. 

A  vers^e  digital  interface  allows  the  ADI868  to  be  direcdy 
connected  to  all  digital  filter  chips.  Fast  CMOS  logic  dements 
allow  for  an  input  clock  rate  of  up  to  13.5  MHz.  This  allows  for 
operation  at  2 x,  4 x,  8 x,  or  16 x  the  sampling  frequency 
(where  Fs  equals  44.1  kHz)  for  each  channel.  The  digital  input 
^pins  of  the  AD1868  are  TTL  and  4-5  V  CMOS  compatible. 


FUNCTIONAL  BLOCK  DIAGRAM  '  ■^J-f^- 
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The  AD1868  operates  on  4-5  V  power  supplies.  The  digital  sup- 
ply, Vl,  can  be  separated  from  the  analog  supply,  Vg,  for 
reduced  digital  feedthrough.  Separate  analog  and  digital  ground 
pins  are  also  provided.  In  systems  employing  a  single  -1-5  volt 
power  supply,  Vl  and  Vj  should  be  connected  together.  In 
battery-operated  systems,  operation  will  continue  even  with 
rectuced  supply  voltage.  T^calls;,      ABW8 'dissipates 
50  mW.  •  ' 

The  AD1868  is  packaged  in  either  a  16-pin  plastic  Dit  J)r  a 
16-pin  plastic  SOIC  package.  Operation  is  guaranteed  oyfflf  fflie 


temperatare  range  of  -35°C  to  4-85°C  i 
ply  range  of  4.75  V  to  5.25  V.  " 

PRODUCT  HIGHLIGHTS 

1.  Single-supply  operation  @  +5  V 

2.  50  mW  power  dissipation  (typical) 
J,  iTKD-hN  is  0.004%^Cl^cal) 

4.  Signal-to-Noise  Ratio  is  97.5  dB  (typical) 

5.  >US  dB  chaimel  separation  (typical) 

6^  Compatible  widi  aU  dS^mi  M^  'cMps  ^  ■•■ 

7.  16-pin  DIP  and  16-pin  SQiC  packages  • 

8.  No  deglitcher  required 

,9't  iio  Asternal  adjiistraistits  required 


sup- 


'Froteeted  bf  US.  Patena  Nnmbm:  3,961,32fi;  4,141,004;  4,349,811; 
4,857,862;  mi  patiMi  i 
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AD1868-SPECIFICATI0NS 


(T,  =  +25°C  and  +5  V  supplies  unless  otherwise  noted) 


Min                   Typ  Max 

Units 

RESOLUTION 

18 

DIGITAL  INPUTS  V,h 

.2.4     

Iih,V,„  =  Vl 

  1,1.,  V„.  =  DGND 

Maximiun  Clock  Input  Frequency 

0.8 

1.0 

 -  .1.CL-          _        .  .. 

(xA  ' 
|jlA 

13.5 

MHz 

ACCURACY 
Gain  Error 
Gain  Matching 
Midscale  Error 

Midscale  Error  Matching           a  ... 
Gain  Linearity  Error               '  r  rU; 

 -                           1  J.i:.-.i:^ 

11  > 

±1 
±1 
±15 

±10i'~..v 
±3 

%  of  FSR 
%  of  FSR 
mV 
mV 
dB  - 

DRIFT  (0°C  to  +70°C)         ' '  1 — 

Gain  Drift 
Midscale  Drift 

 ^   . c-  ■  

±100 
±100 

ppm/°C 

TOTALHARMONIC  DISTORTION  +  NOISE 
0  dB;mi%       AD1868N,  R 

AD1868N-J,  R-J 
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°C 

Spedfiaidoiu  subject  to  clUBig!i«tt$itat  totic#i  fl'  '*<''■-  -  '    .  -    .  -  > 
ABSOLUTE  MAXIMUM  RATINGS* 

Vl  to  DGND  0  to  6  V 

Vs  to  AGND  0  to  6  V 

AGND  to  DGND   C .  .  :  .   ±0.3  V 

Ugital  Inputs  to  DGND   -0.3  to  V^ 

Soldering    300°C,  10  sec 

CAUTION  


^Stresses  greMer  tluii  tbow  Hsted  undu  ''Absolute  Maximiim  Ratings"  nuy 
cause  permanent  damage  to  the  device.  Ulis  is  a  stress  rating  only  and 
functional  operation  of  the  device  at  these  or  any  other  conditions  above  those 
indicated  in  die  operational  section  of  this  specificadon  is  not  implied. 
Exposure  to  absolute  maTiTnuiTi  rating  conditions  for  extoded  peiiods  may 
abet  dniee  idWdi^. 


ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  tmcoimected  devices  subject  to  hi^  enagy  dectro- 
static  fields.  Unused  devices  must  lie  stoied  in  conductive  foam  or  shunts.  The  protective  foam 
should  be  ^mimtB^^'^;0gStll$)m  «Q«iKt  befgte  devuxs  are  removed. 
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Figure  1.  THD+N  vs.  Frequency 
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1 

Vi. 

Digital  Supply  (+S  Volts) 

2 

IL, 

Left  Chaimel  Latch  Enaide 

3 

DL 

Left  Ctuumel  Data  Input 

4 

CK  ..  . 

Qafk  Input 

5 

DR 

RIGHT  Channel  Data  Input 

6 

LR 

RIGHT  Channel  Latch  Enable 

7 

DGND 

Digital  Common 

8 

VbR 

Right  Channel  Bias 

9 

Vs 

Analog  Supply  (+5  Volts) 

10 

VoR 

Right  Channel  Output 

11 

NRR 

Right  Channel  Noise  Reduction 

12 

AGND 

Analog  Common 

13 

NRL 

Left  Channel  Noise  Reduction 

14 

VoL 

Left  Channel  Output 

15 

Vs 

Analog  Supply  (+5  Volts) 

16 

VbL 

LeftChanndBiw 

DEFINITION  OF  SPECIFICATIONS 
Total  Harmonic  Distortion  +  Noise 

Total  harmonic  distortion  plus  noise  (THD+N)  is  defined  as 
the  ratio  of  the  square  root  of  the  sum  of  the  squares  of  the 
amplitudes  of  the  harmonics  and  noise  to  the  amplitude  of  the 
fundamental  input  frequency.  It  is  usually  expressed  in  percent 
(%)  or  decibels  (dB). 

D-Range  Distortion 

D-range  distortion  is  the  latio  of  the  ampUtude  of  the  signal  at 
an  ampUtude  of  —60  dB  to  the  amplitude  of  the  distortion  plus 
noise.  In  this  case,  an  A-weight  filter  is  used.  The  value  speci- 
fied for  D-range  performance  is  the  ratio  measiured  plus  60  dB. 

Signal-to-Noise  Ratio 

The  signal-to-noise  ratio  is  defined  as  the  ratio  of  the  amplitude 
of  the  output  when  a  fiill-scale  output  is  present  to  the  ampli> 
tode  of  the  output  with  no  signal  present.  It  is  expressed  in 
decibels  (dB)  and  measured  using  an  A-weight  filter. 

Gain  Lhieaiity 

Gain  linearity  is  a  measure  of  jttie  deviation  of  the  actual  output 
amplitude  fmm  the  ideal  output  amplitude.  It  is  detomined  by 
measaotiBS'fhfe  ampUtude  of  die  output  'st^Dial'4s  the  anq^tude 
of  that  output  signal  is  digitally  reduced  to  a  lower  level.  A  per- 
fect D/A  converter  exhibits  no  difference  between  the  ideal  and 
actual  amplitudes.  Gain  linearity  is  expressed  in  decibels  (dB). 
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the  bias  when  the  twos  complement  iiqw  eoite  representing 
midscale  is  loaded  in  the  input  regbter.  M^caje  etioris 

expressed  in  mV.  -\  ■  ' 

FUNCTIONAL  DESCRIPTION  j  -  0»- 

The  AD1868  is  a  complete,  voltage  output  dua^lM  ^j^tfj*"' 
audio  DAG  which  operates  with  a  single  +5  volt  su^ly.  As 
shown  in  the  block  diagram,  each  channel  contains  a  voltage 
reference  18-bit,  serial-to-parallel  input  register,  18-bit  input- 
latch,  18-bit  DAC,  and  an  output  amplifia. 

The  voltage  reference  section  provides  a  reference  voltage  and  a 
false  ground  voltage  for  each  channel.  The  low  noise  bandgi^ 
circuits  produce  nference  voltages  that  are  unaffected  by 
changes  in  teii4>etatuie,  time,  and  power  supply. 

The  ouqnit  amplifia  uses  both  MOS  and  bipolar  devices  and 
incoipoiates  an  NFN  class-A  output  stage.  It  is  designed  to  pro- 
duce hi^  slew  rate,  low  noiMi  'tow  distortian,  and  optiimd  fie- 
qnency  leqpan^,,.  ^  ^   j,        _         '  q-,vp''- 
Eadi  18-bit  DAC  uses  a  comlnnation  of  segmented  decoder  and 
R-2R  ardiitecture  to  achieve  good  integral  and  differential  lin- 
earity. The  resistors  which  form  the  ladder  structure  are  fabri- 
cated with  silicon-chromiiun  thin  film.  Laser-trimming  of  these 
resistors  further  reduces  linearity  erttH^,ie»iliiag  in  JMv^^^^ 
distortion.  '--.-jo*. 
The  input  registers  are  fabricated  with  CMOS  Ibgic  gates.  These 
gates  iillow  fast  switching  speeds  and  low  powerconstunption, 
GantTi|bii^  ta  the  put  ^Hiji  tBipBgi|lowMtdi,  aqd  low 'power 
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ANALOG  CIRCUIT  CONSIDERATIONS 
GROUNDING  RECOMMENDATIONS 
The  AD1868  has  two  ground  pins,  designated  as  AGND  (Pin 
12)  and  DGND  (Pin  7).  The  analog  ground,  AGND,  serves  as  i 
the  "high  quality"  reference  ground  for  analog  signals  and  as  a 
return  path  for  the  supply  current  from  the  analog  portion  of 
the  device.  The  system  analog  common  should  be  located  as 
close  as  possible  to  Pin  12  to  minimise  any  voltage  drop  which 
may  develop  between  these.two  points,  although  the,inti 
circuit  is  '^<^'S'<^'^  ''^<^^'^:!*^si^'^<^<^i^ 
return  current. 

The  digital  ground,  DGND,  returns  ground  current  from  the 
digital  logic  portion  of  the  device.  This  pin  should  be  connected  . 
to  the  digital  common  node  in  the  system.  As  shown  in  Fig- 
ure 7,  the  analog  and  digital  grounds  should  be  joined  at  one 
point  in  the  system.  When  these  two  grounds  are  remotely  con- 
nected such  as  at  the  power  supply  ground,  care  should  be 
taken  to  minimize  the  voltage  difference  between  the  DGND 
and  AGND  pins  in  order  to  ensure  the  specified  performance. ... ' 

POWER  SUPPLIES  AND  DECOUPLING 

The  AD  1868  has  three  power  supply  input  pins.  (Pins  9  and 
15)  provide  the  supply  voltages  which  operate  the  analog  portion 
of  the  device  including  the  18-bit  DACs,  the  voltage  references, 
and  the  output  amplifiers.  The  supplies  are  designed  to  oper- 
ate with  a  +5  V  supply.  These  pins  should  be  decoupled  to  ana- 
log common  using  a  0.1  ^.F  capacitor.  Good  engineeringpractice 
suggests  that  the  bypass  capacitors  be  placed  as  close  as  possible 
to  the  package  pins.  This  minimizes  the  inherent  inductive 
effects  of  printed  circuit  board  traces. 

Vl  (Pin  1)  operates  the  digital  portions  of  the  chip  including  the 
input  shift  registers  and  the  input  latching  circuitry.  Vl  is  also 
designed  to  operate  with  a  +5  V  supply.  This  pin  should  be 
bypassed  to  digital  common  using  a  0. 1  \i.¥  capacitor,  again 
placed  as  close  as  possible  to  the  package  pin.  Figure  7  illus- 
trates the  correct  connection  of  Ac  digtal  and  amkig  supply 
bypass  capacitors. 

An  important  feature  of  the  AD1868  audio  DAC  is  its  ability  to 
operate  at  reduced  power  supply  voltages.  This  feature  is  very 
important  in  portable  battery-operated  systems.  As  the  batteries 
discharge,  the  supply  voltage  drops.  Unlike  any  other  audio 
DAC,  the  AD1868  can  continue  to  function  at  supply  voltages 
as  low  as  3.5  V.  Because  of  its  unique  design,  the  power 
requirements  of  the  AD1868  diminish  as  the  battery  voltage    ■^^  -' 
drops,  further  extending  the  operating  time  of  the  system. 


NOISE  REDUCTION  CAPACITORS 

The  AD1868  has  two  noise-reduction  pins  designated  as  NRL 
(Pin  13)  and  NRR  (Pin  U).  It  is  recommended  that  extonal 
noise-reduction  capacitors  be  connected  from  these  pins  to  . 
AGNp.  to  reduce  the  output  noise  contributed  by  i^.yolqge 
reference  drcuitiy.  As  shown  in  Figure  7,  each  of  tbrae 
should  be  bypassed  to  AGND  with  a  4.7  p,F  or  larger  capacitor. 
The  coimections  between  the  capacitors,  package  pins  and  ^ 
AGNQj^o^  |ie^a|j^n^  tf^sfi^  to.^aci^n^^i^. 


USING  VbL  and  VgR 

The  AD  1868  has  two  bias  voltage  reference  pins,  designated  as 
VbR  (Pin  8)  and  V^L  (Pin  16).  These  pins  supply  a  dc  refer- 
ence voltage  equal  to  the  center  of  the  output  voltage  swing. 
These  bias  voltages  replace  "False  Groimd"  networks  previously 
required  in  single-supply  audio  systems.  At  the  same  time,  they  . 
allow  dc-coupled  systems,  improving  audio  performance. 

Figure  8a  illustrates  the  traditional  approach  used  to  generate 
False  Ground  voltages  in  single-supply  audio  systems.  This  di^ 
cuit  re^uips  additioni|l  jiower  ijod  ci|cu|t  'j^'J^  ^■■ce- 
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The  AD  1868  eliminates  the  need  for  "False  Ground"  diSi 
VbR  and  VgL  generate  the  required  bias  voltages  previbiMy- '  " 
generated  by  the  "False  Ground."  As  shown  in  Figure  8b,  VbR 
and  VqL  may  be  used  as  the  reference  point  in  each  output 
channel.  This  permits  a  dc-coupled  output  signal  path.  This 
elimimttes  ac-coupling  capacitors  and  improves  i&w  frequency 
pettaciMHiice.  It  should  be  noted  that  these  bias  outputs  have 
rdativ^Vgh  output  impedance  and  will' not  diiTe  output 

performance. 

DISTORTION  PERFORMANCE  AND  TESTING 

The  TOD+N  iigure  of  an  audio  DAC  represents  the  amount  of 
imdesirable  signal  produced  during  reconstruction  and  playback 
of  an  audio  waveform.  Therefore,  the  THD+N  specification 
provides  a  direct  method  to  classify  and  choose  an  audio  DAC 
for  a  desired  level  of  performmce. 


Figure  1  illustrates  the  typical  THD+N  versus  frequency  per- 
formance of  the  AD1868.  It  is  evident  that  the  THD+N  perfor- 
mance of  the  AD  1868  remains  stable  at  all  three  levels  through  a 
wide  range  of  frequencies.  A  load  impedance  of  at  least  2  kCl  is 
recommended  for  best  THD+N  performance. 

Analog  Devices  tests  and  grades  all  AD  1868s  on  the  basis  of 
THD+N  performance.  During  the  distortion  test,  a  high  speed 
dS^tal  pattern  generator  transmits  digital  data  to  each  chaimel  of 
the  de^ce  under  test.  Eighteen-bit  datais-btcb^into  the  DAC 
at  SS2.8  kHi  (8  X  Fs).  the  test  wav^raim  £  WO^'llz  sine 
wave  with  0  dB,  -20  dB,  and  -60  dB  amplitudes.  A  4096-point 
FFT  calculates  total  harmonic  distortion  +  noise,  signal-to-noise 
Miio,  and  D-range.  No  deglitchers  or  external  adjustments  are  • 
med. 

DIGITAL  CIRCUIT  CONSIDERATIONS 
INPUT  DATA 

The  AD1868  digital  input  port  employs  five  signals:  Data  Left 
(DL),  Data  Right  (DR),  Utch  Left  (LL),  Latch  Right  (LR) 
and  Qock  (CLK).  DL  and  DR  are  the  serial  inputs  for  the  left 
and  right  DACs,  respectively.  Input  data  bits  are  clocked  into 
the  input  register  on  the  rising  edge  of  CLK.  The  falling  edges 
of  LL  and  LR  cause  the  last  18  bits  which  were  clocked  into  the 
serial  registers  to  be  shifted  into  the  DACs,  thereby  updating 
the  respective  DAC  outputs.  For  systems  using  only  a  single 
latch  signal,  LL  and  LR  may  be  connected  together.  For  sys- 
tems using  only  one  DATA  signal,  DR  and  DL  may  be  con- 
nected together.  Data  is  transmitted  to  the  AD1868  in  a  bit 
stream  composed  of  18-bit  words  with  a  serial,  twos  comple- 
ment, MSB  first  format.  Left  and  right  chatmels  share  the 
Qock  (CLK)  signal. 

Figure  9  illustrates  the  general  signal  requirements  for  data 
transfer  for  the  AD1868. 
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Figure  10  illustrates  the,  specific  timing  requirements  that  must 
be  met  in  order  fiv  ^e  data  transfer  to  be  accomplished  prop- 
erly. The  input  iPii»  ^j^,4p|8g|:«!&.3r;Jl,      5  V  CMOS 
compatible. 

The  maximum  clock  rate  of  the  AD1868  is  specified  to  be  at 
least  13.5  MHz.  This  clock  rate  allows  data  transfer  rates  of  2x, 
4x,  8x,  and  16x  Fj  (where  Fs  equals  44.1  kHz).  The  applica- 
tions section  of  this  data  sheet  contains  additional  guidelines  for 
uang  die  MIliSB^ 


Brrs  CLOCKED 
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Figure  10.  ADISes'lnput  Signal  Timing 
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APPLICATIONS  OF  THE  AD1868  ^ 

The  AD  1868  is  a  high  performance  audio  DAC  spedfiCfdly 
designed  for  portable  and  automotive  digital  audio  applications. 
These  market  segments  have  technical  requirements  fundamen- 
tally different  than  those  found  in  the  high  end  or  home-use 
market  segments.  Portable  equipmem  must  rely  on  components 
which  require  low  amounts  of  power  to  offer  reasonable  playing 
times.  Also,  battery  voltages  drop  as  the  end  of  the  discharge 
cycle  is  approached.  The  AD1868's  ability  to  operate  from  a 
single  -1-5  V  supply  makes  it  a  good  choice  for  battery-operated 
gear.  As  the  battery  voltage  drops,  the  power  dissipation  of  the 


AD1868  drops.  This  extends  the  usable  battery  life.  Finally,  as 
the  battery  supply  voltage  drops,  the  bias  voltages  and  signal 
swings  also  drop,  preventing  signal  clipping  and  abrupt  d^grpi^ 
tion  of  distortion.  Figure  3  illustrates  that  THD-I-N  perfor-  j 
mance  of  the  AD1868  remains  constant  through  a  wide  range  of 
supply  voltages. 

Automotive  equipment  rely  on  components  which  are  able  to 
consistently  perform  in  a  wide  range  of  temperatures.  In  addi- 
tion, due  to  the  limited  space  available  in  automotive  applica- 
tions, small  size  is  essential.  The  AD1868  is  able  to  satisfy  both 
of  these  requirements.  The  device  has  guaranteed  operation 
between  -35°C  and  4-85°C,  and  the  16-pin  DIP  or  16-piii  SOii 
package  is  particularly  attractive  where  overall  size  is 
important. 

Since  the  AD  1868  provides  dc  bias  voltages,  the  entire  signal 
chain  can  be  dc-coupled.  This  eliminate  ac-coupling  capacitors 
from  the  signal  path,  improving  low  frequency  performance  and 
lowering  system  cost  and  size. 

In  suimnary,  the  AD1868  is  an  excellent  choice  for  battery- 
operated  portable  or  automotive  digital  audio  systems.  In  the 
following  sections^  some  examples  of  high  performance  mMo 
applications  featUnng  die  AD1868  are  described. 

AD1868  with  Sony  CXl>2SS0F  Digital  Fater 

Figiure  11  illustrates  an  18-bit  CD  player  design  incorporating  an 
AD1868  DAC,  a  Sony  CXD2550P  digital  filter  and  2-pote  «iti- 
aUas  filters.  This^llgh  performance,  single-supply  design  oper- 
ates at  8x  F3  and  is  suitable  for  portable  and  automotive 
applications.  In  this  design,  the  CXD2550P  filter  transmits  left 
and  right  cliannel  digital  data  to  the  AD1868.  The  left  and  right 
latch  signals,  LL  and  LR,  are  both  provided  by  the  word  clock 
signal  (LRCKO)  of  the  digital  filter.  The  digital  data  is  con- 
verted to  low  distortion  output  voltages  by  the  output  ampli&Ri 
on  the  AD  1868.  Also,  no  degUtching  circuitry  or  external 
adjustments  are  required.  Bypass  capacitors,  noise-reduction 
capacitors  and  the  antialias  filter  details  are  omitted  for  clarity. 
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ADDITIONAL  APPLICATIONS 

In  addition  to  CD  player  designs,  the  AD1868  is  suitable  for 
similar  applications  such  as  DAT,  portable  musical  instruments. 
Laptop  and  Notebook  personal  computers,  and  PC  audio  I/O 
boards.  The  circuit  techniques  illustrated  are  directly  applicable 
in  those  appUcations.  ifftujisf 


Figures  12,  13,  and  14  show  connection  diagrams  for  the 
AD1868  with  popular  digital  filter  chips  from  NPC  and 
Yamaha.  Each  application'operates  at-^X  Fg  operition.  Please 
refer  to  the  apprt^^t^  s^Bob^'of  Itfe'^^it' SfiSft-foi;  addi&onal' 
information.  5^,.  v  3 
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ORDERING  GUIDE 


THD+N 

Package 

Model 

@Fs 

SNR 

Option* 

AD1868N 

0.008% 

95  dB 

N-16 

AD1868R 

0.008% 

95  dB 

R-16 

AD1868N-J 

0.006% 

95  dB 

N-16 

ADlg68R-J 

0.006% 

95  dB 

R-16 

*1S  =  Ptotic  MP;  R  =  SPIC.  For  oulUne 
Motmuioii  see  Package  bi&nmite  tee^oB. 
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ANALOG 
DEVICES 
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LOGDAC 


CMOS  luganthmic  D/A  Converter 


AD7111 


ilk,  I 


FEATURES 
Dynamic  Range:  88.5dB 
Resolution:  0^75dB 
On4:hip  Data  Latches 
Full  ±25V  Input  Range  Multiplying  DAC 
Low  Distortion 
Single  45V  Supply 

Latch-Up  Free  (No  ProteetienSchottky  RoquMM)- 

APPLICATIONS  T       ~  ^ 

Digitally  Controlled  ASC 
Audio  Attenuators  ^ 
Wide  Dynamic  Ranga  A/D  CospilaitL 
Sonar  Systems 
Fimstfon  QenwMBm 


FUNCTIONAL  BLOCK  DIAGRAM 


•J  A  i»T  0 


•■s 

to 

ti. 

D7  06  D5  D4  D3  D2  01  DO 
(MSB)       DATA  INPUTS  (LS8| 


GENBRAI.0BSCRffTK»4  , 

The  LOGbXic^  Aliyiil  is  a  CMOS  multiplying  D/A  con- 
vener wUdi  em  attenuate  an  analog  input  signal  over  die 
range  0  to  -88.5d'B  in  0.37SdB  steps. 

The  degree  of  attenuation  is  determined  by  an  8-bit  data  word 
which  is  latched  into  on-chip  data  latches  using  micr<^roces- 
sor  compatible  cimtrol  signals  OS  and  WR.  Operating  fteqmsa- 
cy  range  of  the  device  is  from  dc  to  several  hundred  kHz, 

The  device  is  available  in  a  standard  16-pin  DIP  and  M  a 
20-terminal  surface  mount  package. 
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output  amplifier  AD544  except  wliere  stated) 


AD7111L/C/U  GRADES 


AD7111K/B/T  GRADES 
Ta>-,*I5°C  TA.T,.i„T„ 


Condinons/Com  menti 


NOMINAL  RESOLUTION 


^CCURA^  RELATIVE  TO  OdB  ATTENUATION 
0.375dBSte|»:    .  X  ^ 
Accuracy  <  :±d|l7 jffi 
Monotonic 
0.75dB  Stqisi 

A(Xuracy<±0.33dB 
Monotonic 
l.SdBStqM!  UL..-.. 

Accuracy  <  ±d.~7dB  - 
Monotonic 
3.0dB  Steps: 

Accuracy  <  ±L4dB 
Monotonic 
6.0dB  Steps: 

Accuracy  <  ±2.7dB 
Monotonic 


36 

Oto  36 

54 

0toS4 

48 

0K>42 

72 

Oto  66 

54 

Oto  48 

Range 

Oto  78 

66 

Oto  54 

Range 

Full  Range 

72 

0  to  60 

Range  ^ 

Full  Range 

iO.15 

Oto  30 
Oto  48 


Oto  42 
Oto  72 


Oto  48 
Oto  83.5 


Oto  30 
Oto  48 


Oto  36 
Oto  60 


Oto  42 
0ID71 


0  lo  60  0  to  48 

Full  Range      Full  Range 


dB  min 
dBmin 


dB  min 
dB  min 

dB  min 


Guaranteed  attenuation  r 
for  specified^st^  aizcs 


Full  Range  is  fiom  0  to  88.5dB 


Oto  60 

Full  Rani 


Oto  48 

puhrui 


GAIN  ERROR 


Vo,  iNwrnsiCTAics 
(rmm  J 


kfl  min/typ/max 


Rfb  input  RESISTANCF 
(PIN  16) 


7.3/U.S/18.8  7.3/1 


DIGITAL  INPUTS 

V|H  (Input  High  Voltage) 
ViL  (Input  Low  Voltage) 
Input  Leakage  Current 


00 


no:'-. - '«) 

Digital  Inpw  >^ 


SWITCHING  CHARACTERISTICS' 

tcs  eiuak.>v'  yi^U 

tCH  

tWR  _  I 

IDS  baaS:>«(a 

tRFSH 


3S0 
173 
10 
3 


500 
250 
10 
4.5 


350 
175 
10 
3 


500 
250 


ns  mm 
ns  min 
ns  min 
nsmin 
ns  min 
lis  min 


Ctiip  Select  to  Write  Setup  Time 
Chip  Select  to  Write  Hold  Time 
Write  Pulse  Width 
Data  Valid  to  Write  Setup  Time 
Data  Valid  to  Write  Hold  Time 
Refresh  Time 


power  supply 
Vdd 
Ido 


+5 
4 

lOOO 


V 

mA  max 


Digital  Inputs  =  Vm  or  Vn. 

Digital  Inputs  =  OV  or  Vpp .  See  Figure  7. 


AC  PERFORMANCE  CHARACTERISTICS 


'  iinuBis.vOS 


VoD"  +SV,ViN-  -  igV  dcgjB^  i^Mgeiaml,  lour  =  AGND  =  DGND  -  OV.  output  amplifier  AD544aK^iilieieiiaiBL 


Pimncter 

AD7 11 IL/C/U  GRADES 
Ta-"°C  T»-T«|.,T„ 

AD7111K/B/T  GRADES 
Ta  =  +25°C  TA-T„ta,T„„ 

Units 

Conditions/Coroments 

DC  Supply  Rejection,  AGain/AVbD 

0.001 

0.003 

0.001 

0.005 

dB  per  %  max 

AVdd  =  ±10%,  Input  Code  =  00000000 

Propagation  Delay 

>.o 

4:S 

3.0 

4.5 

MS  max 

Full  Scale  Change  Measured  from 

WR  going  high,  CS  =  OV. 

Digiul-t&.Analog  Glitch  Impube 

100 

100 

nVsecstyp 

Measured  with  ADLH0032CG  as  Output 

Amplifier  for  Input  Code  Transition 

unmoaowoixiooaoo. 

ClItrF^jtteliiOpF 

Output  Capacitance,  Pin  1 

MS 

1«S 

185 

185 

pF  max 

Input  Capacitance,  Pin  15  and  Pin  li$ 

7 

7 

7 

7 

pF  max 

Fccdthrough  at  IkHt 

-94 

-72 

-92 

-68 

dB  max 

Fccdthrough  is  also  determined  by  citcujc 

Total  Harmonic  Distortion 

-91 

-»1 

-91 

-91 

dB  typ 

layout  (see  Figure  4). 

Output  Noise  Voltage  Density 

70 

70 

70 

70 

nVf^Hzmax 

ViN  -  6V  ims  at  IkHa 

Digital  Input  Capacitance 

7 

7 

7 

7 

pFniax 

Includes  AD544  Amplifier  Noise 

»>248  OIGITALiTO^Aim.OGCONVBRWlt$ 


REV.  A 


VDD(toDGND)   +7V 

V,N(toAGND)  .  .  .  .  +35V 

EHgilal  Input  Vota^^^l®®*'        -0.3V  to  Vdd  +0.3V 

louTtoAGND   -0.3V  to  Vdd 

ViNto  AGND  ±35V 

AGND  to  DGND  0  to  Vdd 

DGND  to  AGND  0  to  VuD 

Power  Dissipation  (Any  Package) 

To  +75°C   450mW 

Derates  above  +75°Cby  6mW/°C 


Industrial  (B,  C  Versions)    -  ZS'C  to  +  85°C 

Extended  (T,  U  Versiolns)   -  55°C  to  +  125°C 

Storage  Temperature  -6S°C  to  +  150°C 

Lead  Tempenture  (Soldering,  lOsecs)   -)-  300% 

^Stresses  above  those  listed  under  "Absolute  Maximum  Racings"  may 
cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and 
iimctioiial  operation  of  the  device  at  these  or  any  otlier  conditions 
above  those  indicated  in  the  operational  sections  of  this  specification 
is  not  ioqilied.  Eqxmue  lo  absohue  mavimnm  rating  ciwiBtiwn  I6r 


CAUTION  

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protect- 
ed; however,  permanent  damage  may  occur  on  imconnected  devices  subject  to  high  energy 
electrostatic  fields.  Unused  devices  must  be  stored  in  CQndtictiye  foam  or  shimts.  The  protective 
foamshouldbedischargedtothedqiWBatinniso^sttbefojcdew  ^.i i 


TERMINOLOGY 

RESOLUTION:  Nominal  change  in  attenuation  when  moving 
between  two  adjacent  codes. 

MONOTONICITY:  The  dfevice  is  monotonic  if  the  analog  out- 
put decreases  (or  remains  constant)  as'  the  digital  code  increases. 

FEEDTiHICOUGIlEimOR:  That  portion  of  the  input  «ipal 
vdiich  leaches  the  output  when  all  digital  inputs  aiLhigh.  See 
section  on  Applications. 

OUTPUT  LEAKAGE  CURRENT:  Current  which  appears  on 
the  louT  terminal  with  all  digital  inputs  high. 

TOTAL  HARMONIC  DISTORTION:  A  measure  of  the  har- 
monics introduced  by  the  circuit  when  a  pure  sinusoid  is  ap- 
plied to  the  input.  It  is  expressed  as  the  harmonic  energy 
divided  by  the  fundamental  energy  at  the  output. 

ACCURACY:  The  difference  (measured  in  dB)  between  the 
ideal  transfer  function  as  listed  in  Table  I  and  the^^l^til  tcans- 
fer  function  as  measured  with  the  device.  ' 

OUTPUX  C^ISM3T#9«0|iiekp?dtafic«<lrom  %o<|p!mihd. 


DIGITAL-TO- ANALOG  GLITCH  IMPULSE:  The  amount  of 
charge  injected  from  the  digital  inputs  to  the  analog  output 
when  the  inputs  change  state.  This  is  normally  specified  as 
the  area  of  die  glitch  in  either  pA-Secs  or  nV-Secs  depending 
upon  whether  the  glitch  is  measured  as  a  current  or  voltage  . 
signal.  Glitch  impulse  is  measured  with  Vq.;  =  AGND. 

PROPAGATION  DELAY:  This  is  a  measure  of  the  internal 
delays  of  the  circuit  and  is  defined  as  the  time  from  a  digital 
input  change  to  th£  anitiii'iriitoput  curfdnf  ^( 
final  value.        '''^  ^  '  '^^'^ ^   ^ '  "  ' 
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AD7111 


CIRCUIT  DESCRIPTION 
GENERAL  CIRCUIT  INFORMATION 
The  AD7111  consists  of  a  17-bit  R-2R  CMOS  multiplying 
P/A  convener  with  extensive  digital  logic.  The  logic  trans- 
lates the  8-bit  binary  input  into  a  17-bit  word  which  is  used 
to  drive  the  D/A  converter.  Input  data  onjhe  D7-D0  bus  is 
tsaded  into  the  input  data-iatdie»it«ng fCS  aid  W  control 
signals.  The  rising  edge  of  WR  latches  the  input  data  and  in- 
itiates the  internal  data  transfer  to  the  decoder.  A  minimum 
tRFSHi  the  refresh  time,  is  required  for  the  data  to  pro- 
pa(;ate  through  the.  ^coder  I>efore  a  .new  data  write  is  ^ 
attempted.  _„        _ ,  ,  ,,.  ,- ...^   ,,.  ^ 

The  transfer  fiinctitHi  for  t 


Vq  =  -ViN  10  exp  - 


0.375  N 
20  


I  vo 

|VlN 


dB  =  - 0.375  N  ""H  n'  '■••^Vir  n 


Where  0.375  is  the  step  size  (resolution)  in  dB  and  N  is  the 
input  code  in  decimal  for  values  0  to  239.  For  240<N<25S 
the  output  is  zero.  Table  I  gives  the  output  attenuation 
relative  to  OdB  for  all  possible  input  codes. 

The  graphs  on  the  last  page  give  a  pictorial  representation  of 
the  specified  accuracy  and  monotonic  ranges  for  all  grades  of 
the  AD7111.  High  attenuation  levels  are  specified  with  less 
accuracy  than  low  attenuation  levels.  The  range  of  monotonic 
behavior  depends  upon  the  attenuation  step  size  used.  For 
example,  the  AD7111L  is  guaranteed  monotonic  in  0.375dB 
steps  from  0  to  -54dB  inclusive  and  in  0.75dB  steps  from  0 
to  -72dB  inclusive.  To  achieve  monotonic  operation  over  the 
entiTe  88.5dB  nageKMmmkmftaViaiect  mput  co^j^^  ^V.^ 


*Ci  '  47pF  Tvpicif 

Figure  1.  Typical  Circuit  Configuration 


that  the  attenuation  step  size  at  any  point  is  consistent  with 
the  step  size  guaranteed  for  monotonic  operation  at  that 
point.  ;  ':  .j:vw.-  >■.  J;:<1UJ^T  +  - iT> 

EQUIVALENT  CIRCUIT  ANALYSIS 

Figure  2  shows  a  simplified  circuit  of  the  D/A  converter 
section  of  the,AI>7411  and  Figvjre  l^^^^Uj^ro^iriiatie 
equivalent  circuit'  j^-.  7 

The  current  source  IleakAGE  is  cffirapoiect>of  suSiBce<uid 
junction  leakages  and  as  with  mo!tseinuS0!Mlai^r'deyi(^,  v 
4lli^tmM»xely  doubles  every  10''C-7see.F<^igiiliIl;Tbetiad&t(S 
Ro  as  diown  in  Figure  3  is  die  equ(takiittMip«(t'res»ai«ee  of 
WeddMce  wUch  varies  with  input  code  (excluding  all  0'£' 
(^)  fiom  0.8R  to  2R.  R  is  typically  llkH.  Cqut  ^ 
capacitance  due  to  the  N  channel  switches  and  varies  from 
about  60pF  to  18SpF  depending  upon  the  digital  input.  For 
further  information  on  CMOS  multiplying  D/A  converters 
refer  to  "Applieatidh  Guide  to  CMOS  Multiplying  D/A  Coli-  ■ 
verters"  Which  is  availabU  from  Analc^  Devices,  PuUica- 
tion  Number  G479-15-8/78. 


»»8  JtSrO. 


Figure  2.  Simplified  D/A  Circuit  of  AD71 11 
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g(V,N.N)Q 


D7-D4 

0000 

0001 

0010 

0011 

0101 

0110 

0111 

1000 

1001 

1011 

1100 

1101 

1110 

1111 

0000 

0.0 

0.375 

0.75 

1.125 

1.5 

1.875 

2.25 

2.625 

3,0 

3.375 

3.75 

4.125 

4.5 

4.875 

5.25 

5.625 

0001 

6.0 

6.375 

6.75 

7,125 

7,5 

7.875 

8.25 

8.625 

9,0 

9,375 

9.75 

10,125 

10,5 

10,875 

11.25 

11,625 

0010 

12.0 

12.375 

12.75 

13,125 

13,5 

13.875 

1425 

14.625 

15,0 

15,375 

15.75 

16,125 

16,5 

16,875 

17.25 

17,625 

0011 

18.0 

18.375 

18,75 

19,125 

19.5 

19,875 

20.25 

20.625 

21,0 

21,375 

21.75 

22,125 

22,5 

22,875 

23.25 

23,625 

0100 

24.0 

24.375 

24,75 

25,125 

25,5 

25,875 

26.25 

26.625 

27.0 

27,375 

27.75 

28.125 

28,5 

28,875 

29.75 

29,625 

0101 

30.0 

30.375 

30,75 

31,125 

31,5 

31,875 

32.25 

32.625 

33,0 

33,375 

33,75 

34,125 

34.5 

34,875 

35,25 

35.625 

0110 

36.0 

36.375 

36,75 

37,125 

37.5 

37,875 

38.25 

38,625 

39.0 

39,375 

39,75 

40,125 

40.5 

40.875 

41,25 

41.625 

0111 

42.0 

42,375 

42,75 

43,125 

43.5 

43.875 

44.25 

44625 

45,0 

45,375 

45,75 

46,125 

46.5 

46.875 

47.25 

47.625 

1000 

48.0 

48.375 

48^75 

49.125 

49.5 

49.875 

50.25 

50.625 

51.0 

51.375 

51.75 

52.125 

52.5 

52.875 

53.25 

53.625 

1001 

54.0 

54.375 

54.75 

55.125 

55.5 

5S.875 

56.25 

56.625 

57,0 

57.375 

57.75 

58.125 

58.5 

58.875 

59.25 

59.625 

1010 

60.0 

60.375 

60.75 

61.125 

61.5 

61.875 

62.25 

62.625 

63.0 

63.375 

63.75 

64.125 

64.5 

64.875 

65.25 

65.625 

1011 

66.0 

66.375 

66.75 

67.125 

67.S;. 

<7.875 

68.25 

68.625 

69,0 

69.375 

69.75 

70.125 

70.5 

70.875 

71.25 

71.625 

1100 

72.0 

72.375 

72.75 

73.125 

73.5 

73.875 

7425 

74625 

75,0 

75,375 

75,75 

76,125 

76,5 

76.875 

77,25 

77,625 

1101 

78.0 

78.375 

78.75 

79.125 

79.5 

79,875 

80.25 

80.625 

81,0 

81,375 

81,75 

82,125 

82,5 

82,875 

83.25 

83,625 

1110 

84.0 

84.375 

84.75 

85.125 

85.5 

85.875 

86.25 

86,625 

87,0 

87.375 

87,75 

88.125 

88,5 

88,875 

89,25 

89.625 

Wl 

mm 

mm 

MUTE 

MUTE 

MUTE 

MUTE 

MUTE 

MUTE 

MUTE 

MUTE 

MUTE 

MUTE 

MUTE 

MUTE 

Mins 

Table  I.  Ideal  Attenuation  in  dB  ys.  Input  Code 
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DYNAMIC  PERFORMANCE 

The  dynamic  perfonnance  of  the  AD7111  will  depend  upon 
the  gain  and  phase  characteristics  of  the  output  amplifier, 
together  with  the  optimum  choice  of  PC  board  layout  and 
decoupling  components.  Figure  4  shows  a  printed  circuit  lay- 
out which  minimizes  feedthrou^  from  Vq^  to  the  ouqnit  in 
multiplying  applications.  Circuit  layout  is  most  important  if 
die  opttmum  perfonnance  of  the  AD7111  is  to  be  achieved. 
Most  application  problems  stem  from  either  poor  layout, 
ground^  erattfi  fOt  inappropriate  choiee  of  aibplifiier.    .  • 


LOCATION 

_AD7ni 
PtNl 

AQND 

OGND 


I 


I       'fi  QAINTMIMREatrroiHRIANDRtOf  FIdUREl 

AHE  NOT  INCLUDED. 

Figure  4.  Suggested  Layout  forAD7111  and  Op-Amp 

It  is  recommended  that  when  using  the  AD7111  with  a  high 
speed  amplifier,  a  capacitor  (CI)  be  connected  in  the  feedback 
path  as  shown  in  Figure  1.  This  capacitor,  which  should  be 
between  30pF  and  50pF,  compensates  for  the  phase  lag  intro- 
duced by  the  outputcapacitance  of  the  D/A  converter.  Figures 
5  and  6  show  the  performance  of  the  AD7111  using  the 
ADS  17,  a  fully  compensated  high  gain  superbeta  amplifier, 
and  the  AD544,  a  fast  FET  input  amplifier.  The  performance 
without  CI  is  shown  in  the  middle  trace  and  the  response  with 
CI  in  circuit  is  shown  in  the  bottom  trace. 


DATA  CHANGE  FROM  BOH  to  DOH 


Figure  5.  Response  of  A  D7  111  with  ADS  17 


DATA  CHANGE  FROM  BOH  TO  OOH 


In  convientionf}  ^MP^  convener  des^  parasitic  capaci- 
t^i6^  m^e  !^4^US6«Il£rA!~(^j[iitv^^  give  rise  tc 

glitches  on  the  D/A  pameOi 


pan  give  nse  to 


from  digital  feedth rough.  The  AD 71 11  has  been  designed  to 

minimize  these  glitches  as  much  as  possible. 

For  operation  beyond  250kHz,  capacitor  CI  may  be  reduced 
in  value.  This  gives  an  increase  in  bandwidth  at  the  expense  of 
a  poorer  transient  response  as  shown  in  Figures  6  and  12.  In 
circuits  where  CI  is  not  included  the  high  frequency  roll-off 
point  is  primarily  determined  by  the  characteristics  of  the 
output  amplifier  and  not  the  AD7111. 

Feedthrough  and  absolute  accuracy  are  sensitive  to  output 
leakage  current  effects.  For  this  reason  it  is  recommended  that 
the  operating  temperature  of  the  AD7111  be  kept  as  close  to 
2S  C  as  is  practically  possible,  particularly  where  the  device's 
performance  at  high  attenuation  levels  is  important.  A  typical 
plot  of  leakage  current  .ys,  Wm^S^1^lil^t>h^^l&i^^- 
Some  solder  fluxes  jB^d  datntog  matyijjjs  ^  foim 
conductive  films  whi^h  c&e  kakage  effects  betWeen  viaiag 
input  and  output.  The  user  is  cautioned  to  ensure  that  the 
manufacturing  process  for  circuits  using  the  AD7  111  does  not 
allow  such  fihns  to  form.  Oth^iwis^  the  fee<}thrqughi  acE^Eacy 
and  maximum  usable  range  ii^tUKjafiBiiBiiJ   ]t^' 

STATIC  ACCURACY  PERFORMANCE 
The  D/A  converter  section  of  the  AD7111  consists  of  a  174^ 
R-2R  type  converter.  To  obtain  optimum  static  performance 
at  this  level  of  resolution  it  is  necessary  to  pay  gireat  attention 
to  ampUfier  selection,  circuit  grounding,  etc. 

Amplifier  input  bias  current  results  in  a  dc  offset  at  the  output 
of  the  amplifier  due  to  the  current  flowing  through  the  feed- 
back resistor  RpB-  It  is  recommended  that  an  amplifier  with 
an  input  bias  current  of  less  than  lOnA  betaetjHcj^t^ftPlil? 
or  AD544)  to  minimize  this  offset. 

Another  error  arises  from  the  output  amplifier's  input  offset 
voltage.  The  amphfier  is  operated  with  a  fixed  feedback  re- 
sistance, but  the  equivalent  source  impedance  (the  AD7111 
output  impedance)  varies  as  a  function  of  attenuation  level. 
This  has  the  effect  of  varying  the  "noise"gain  of  the  amplifier, 
thus  creating  a  varying  error  due  to  amplifier  offset  voltage. 
It  is  recommended  that  an  amplifier  with  less  than  iOfiV  of 
input  offset  be  used  (such  as  the  ADS  17  or  AD  OP-07)  in 
dc  applications.  Amphfieis  with  higher  offset  voltage  may 
cause  audible  "thumps"  in  ac  applications  due  to  dc  output 
changes. 

The  AD7111  accuracy  is  specified  and  tested  using  only  the 
internal  feedback  resistor.  Any  Gain  Error  (i.e.,  mismatch  of 
RpB  to  the  R-2R  ladder)  that  may  exist  in  the  AD7111  D/A 
converter  circuit  results  in  a  constant  attenuation  error  over 
the  whole  range.  The  AD7111  accuracy  is  specified  relative 
to  OdB  attenuation,  hence  "Gain"  trim  resistors-Rl  and  R2 
in  Figure  1-can  be  used  to  adjust  Vqut  =  V|n  precisely  (i,e,, 
OdB  attenuation)  with  input  code  00000000.  The  accuracy 
and  monotonic  range  specifications  of  the  AD7111  are  not 
affected  in  any  way  by  this  gain  trim  procedure.  For  the 
AD7111L/C/U  grades,  suitable  values  for  Rl  and  R2  of 
Figure  1  are  Rl  =  50012,  R2  =  ISOfl;  for  the  K/B/T  grades 
suitable  values  are  Rl  =  lOOOn,  R2  =  270n.  For  additipqal 

Note  "Glin  Eir(>T  uid  tSdiip^Anip 
MultipkjneDj^C^'by  PhS  Bqrton  avaijabk  from  Analog 
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ID7111  —Typical  Performance  Characteristics 
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ANALjOG 
DEVICES 


LOGDAC 

CMOS  Logarithmic  D/A  Converter 


FEATURES 

Dynamic  Range  85.5dB  > 
Reiaiutian  I^B 

Full  ±25V  input  Range  Multiplying  DAC 

Full  Military  Temperature  Rang*  -68°C  to  4^125*0 

Low  Dittortfon 

Low  Po«wr  Contumiition 

Latch  Proof  Operation  (Schottky  Diodei  Not  Required) 

Single  5V  to  1 5V  Supply 

APPLICATIONS  '  ; 

Digitally  Controlled  AGC  Systems  '  *  j 

Audio  Attenuators 

Wide  Dynamic  Range  A/D  Converters 

Sonar  Systems 

Function  Generators 


I 


GENERAL  DESCRIPTION 

The  LOGDAC™  AD71 18  is  a  CMOS  multiplying  D/A  con- 
verter which  attenuates  an  analog  input  signal  over  the  range 
0  to  -85.5dB  in  1.5dB  steps.  The  analog  output  is  determined 
by  a  six-bit  attenuation  code  applied  to  the  digital  inputs.  OpeP;^ 
ating  frequency  range  of  the  device  is  from  dc  to  several 
hundred  kHz. 

The  device  is  manufactured  using  an  advanced  monolithic  sili- 
con gate  thin-film  on  CMOS  process  and  raipackaged  ii^l<f^A3t: 
dual-in-line  package. 


FUNCTIONAL  DIAGRAM  : 


DS  D4  D3  D2  D1  DO 
(MSB)  {LSa} 


DIGITAL  INPUTS 


■»i  y  r- 


@Dl4FlGURATION  (Not  to  Scale) 


AGND^ 
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.MO  03  T^sicfal*  Mr  im  t«f  D5  (MSS)  ^ 

13]  Rf. 
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ii]vdd 

D2rT 

io]r«c 

Dl[T 

tMi) 

».» 

HIP  CONNECTION 

OKI 

ORDERING  GUIDE 


■    >*  *d5  ..'fft 
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Specified 

Temperature 

Accuracy 

Package 

Model 

Range 

Range 

Option' 

AD7118KN 

0  to  +70°C 

0  to  42dB 

N-16 

AD7118LN 

0  to  +70°C 

0  to  48dB 

N-16 

AD7118BQ 

-IS'C  to  +85°C 

0  to  42dB 

Q-16 

AD7118CQ 

-25°C  to  +85°C 

0  to  48dB 

Q-16 

AD7118TQ^ 

-55°C  to  +125°C 

0  to  42dB 

Q-16 

AD7118UQ^ 

-55°C  to  +I2yc 

0  to  48dB 

Q-16 

NOTES 

'N  =  Plastic  DIP;  Q  =  Cerdip.  For  outline  information 

see  Package  Information  section. 
^To  order  MIL-STD-883,  Class  B  proceraed  parts,  add 

ItSSB  to  part  number. 


'Pn^cted  by  U.S.  IWeet  No.  4521,764. 
LOIBDAC  is  a  trademark  of  Analog  Devices,  Inc. 
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DIGITAL-TO-ANALOG  CONVERTERS  2-253 


CAKAMETER 

Vdd  "  *15V 

^^>D  "  +15V 

UNITS 

COMMENTS         ^  - 

NOMINAL  RESOLUligi^ 

1.5 

1.5 

1.5 

1.5 

dB 

ACCURACY  RELATSIBnS  %| 

AD7118L/C/U   

Oto-30dB 

±0.35 

±0.35 

±0,4 

±0.4 

dB  max 

A  cur      is  easuredusine 

-31.5  to-t2<iB      ■  ■^'■-'d'-  .: 

±0.7 

±0.5 

±0.8 

±0.7 

circuit  ot  Figure  1  and  mdudes 

-43.Sto-48<IB 

±1.0 

±0.7 

±1.3 

±1.0 

dBmax 

AD711gK/B/T 

between  Rfb  and  tfae  R-2R 

±0.5 

±0.5 

±0.5 

±0.5 

dB  max 

ladder  circuit. 

-31.5  to  —^iaa 

±0.75 

±0.75 

±1.0 

±0.8 

dB  max 

MONOTONIC  RANGE 

Noniinu  i.^Cio  otcps 

1   /f  /tt  r'witAm 

vjrftoe 

Monotonic  Over  Full 

0  to  -72 

0  to  -72 

dB 

Digital  Inputs  000000  to  110000 

JUB/T  Grade 

Code  Range 

0  to -66 

0  to  —66 

dB 

Digital  Inputs  000000  to  101100 

Nomuiftl  3dB  Steps 

All  Grades 

Monotonic  Over  Full  Code  Range 

ViN  iNPtrr  RESISTANCE 

All  Grades 

9 

9 

9 

kfi  min 

(PIN  12) 

L/C/U  Grade 

17 

17 

17 

17 

kn  max 

K/an  Grade 

21 

21 

21 

21 

k£2  max 

RPB  INPUT  RESISTANCE 

All  Grades 

9.45 

9.45 

9.45 

9.45 

min 

(PIN  13) 

L/C/U  Grade 

18 

18 

18 

kn  max 

WB/T  Grade 

22  - 

22 

22 

22 

kRmax 

DIGITAL  INPOtS 

— rrr- 

Input  High  Voltage  RequitetiilidSK^t^ 

310 

13.5 

3.0 

13.5 

Vmin 

Input  Low  Voltage  Reqaiaaaieaii  1%, 

OJS 

1.5 

0.8 

1.5 

Vmx 

Input  Leakage  Cunent 

±1 

±1 

±10 

±10 

tiA  max 

Digital  Inputs  =  Vqd 

POWER  SUPPLY 

Vdd  for  Specified  Aeettriqr 

5 

5 

V  min 

15 

15 

V  max 

Idd 

0.5 

1 

1 

2 

mA  max 

Digital  Inputs  =  OV  or  Vdd 

(See  Figure  7) 

Specifications  subject  to  change  without  notice. 
AC  PERFORMANCE  CHARACTERISTICS 

These  characteristics  are  included  for  design  guidance  only  and  are  not  subject  to  test. 

Vdd  -  +5V  or  +  15V,  Vra  =  -  lOV  except  where  stated,  lorrr  =  AGND  =  DGND  =  OV,  output  ampUficr  AD544  except  where  stated. 


rAKAWipR 


 '  -Pg— 

PC  Sapitl^  Rejection,  AGgfa^am 

Propagation  Delay  ''^ 
Digital  to  Analog  Glitch  Impulse 


Output  Capacitance  (Pin  14) 
Input  Capacitance  Pin  12  and  Pin  13 
Feedthrough  at  IkHz  L/C/U  Grade 

K/B/T  Gr«de 

Total  Harmonic  Distortion 
Intermodulation  Distortion 
Output  Noise  Voltage  Density 
Digital  Input  Capacitance 

*p*Ti*i''iTiftiit  HiIrjrTf  to  Atofft  without  Motfefc. 


Ta  =  +2J"'C 


yH>-4isv 


TA'Ta^.^aa, 


1-  ■••ilf..-'.  iiuSUpsU  ;:lrtt 

,H;I  fee\L>.tiid 


1.8 
225 


100 
7 

-86 
-80 
-85 
-79 
70 
7 


0.4 
1200 


100 
7 

-86 
-80 
-85 
-79 
70 
7 


100 
7 

-68 

-63 

-85 

-79 

70 

7 


100 
7 

-68 
-63 
•45 
-79 
70 
7 


dBperlkaax 

psmax 
nV  sees  typ 


pF  max 
pF  max 
dB  max 
dB  max 
dBtyp 
dBtyp 

nV/vfibmax 
pFmax 


Iiqrat  code  -  UlOOOO  l-r.'-L&Ut} 
Fbll  Scale  Change 

Measured  with  ADLH0032GG 

as  output  amplirier  for  input 
code  cransidon  100000  to  000000. 
CI  of  Figure  1  is  OpF. 


Feedthrough  is  also  deter- 
niined  by  circuit  ifiyout 
VlN^^5Vm»  .  , 

— : — *^ 
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Applications  Information— AD71 18 


ABSOLUTE  MAXIMUM  RATINGS*  .  / 

Vdd  I^DGND)  .  .  .  ;  .  .  .  .  .  .  +17V 

Vn^  (to  AGND)  .  ;  ;   ±35V 

Digital  Input  Voltage  to  DGND  ......  -0.3V  to  V^d  +0.3V 

louT  to  AGND  -0.3V  to  Vod 

AGND  to  DGND   0  to  Vdd 

DGND  to  AGND   0  to  V^d 

Power  t>issipatioil'(Any  Padtage) 

To  +7S'C   .'450  mW 

Derates  Above  +75°^M^l^^  1.=^.  .  6m^l% 


Operating  Temperature  Ran^ 
Commercial  (K,  L  Versims)  .  .  . . 
Industrial  (B,  C  Versicms)  .  . 
Extended  (T,  U  Versions)  .  .  .  ;!  . 

Storage  Temperature  

Lead  Temperature  (Soldering,  10  sec) 


.  ..V. .  , .  .  .  Oto=i»70^ 
i:  iWW^^C  »  •»125°e  ■ 


^Stresses  above  those  listed  under  "Absolute  Maximum  Ratings  may  cause 
pennanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
(q)eration  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  sections  of  this  specification  is  not  implied.  Exposure  to 
^^4ine  maximum  rating  conditions  for  extended  iwriodggay  j^ea  device 


CAUTION   

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be.  Stored  in  conductive  foam  or  shimts.  The  protective  foam 
shimM  be  diadiaiged  to  th^  de8tiiH«iim'8oei»  brfoy  devkes  are  <"*- 

TERMINOLOGY 

RESOLUTION:  Nominal  change  in  attenuation  wbea SHMblg 
between  two  adjacent  binary  codes. 

MONOTONICITY:  The  device  is  monotonic  if  the  analog  out- 
put decreases  (or  remains  constant)  as  the  digital  code  increases. 

FEEDTHROUGH  ERROR:  That  portion  of  the  input  signal 
which  teaches  die  output  when  all  t^tal  inputs  are  high.  See 
section  on  Applications. 

OUTPUT  LEAKAGE  CURRENT:  Current  which  appears  on 
the  louT  terminal  with  all  digital  inputs  high. 

TOTAL  HARMONIC  DISTORTION:  Is  a  measure  of  the  har- 
monics introduced  by  the  circuit  when  a  pure  sinusoid  is  ap- 
plied to  the  input.  It  is  expressed  as  the  harmonic  energy 
divided  by  the  fundamental  energy  at  the  output. 

ACCURACY;  Is  the  difference  (measured  in  dB)  between  the 
ideal  transfer  function  as  listed  in  Table  1  and  the  actual  trans- 
fer fiinctioii  isra^ffiUted  with  the  device. 


OUTPUT  CAPAQTANCE:  Capagifaince  fmm  Iflpf  to  glmuKt. 

DIGITAL;-T0-ANAL06  glitch  impulse:  The  amount 
of  charge  injected  &om  the  digital  inputs  to  the  analog  output 
when  the  iqniui  change  slate.  This  is  normal^  spedEsd  aa  the  . 
area  of  the  glitch  in  eidior  pA-Secs  or  nV-Secs  depending  vpaa= 
whether  the  glitch  is  measured  as  a  current  or  v(dtas«  ^Hi^f^iiy 
Digital  charge  injection  is  measured  with  Vnj  =  AGND. 

PROPAGATION  DELAY:  This  is  a  measure  of  the  internal 
delays  of  the  circuit  and  is  defined  as  the  time  from  a  digital 
input  change  to  the  analog  output  current  traching  90%sflf  its 

final  value. 

INTERMODULATION  DISTORTION:  Is  a  measure  of  the 
interaction  w  hich  takes  place  within  the  circuit  between  two 
sinusoids  applied  simultaneously  to  the  input. 

The  reader  is  referred  to  Hewlett  Packard  A{>pUcation  Note 
192  for  further  information.  i  a 
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AD7118  ;  

CIRCUIT  DESCRIPTION  """^  '  ''•'^ 

GENERAL  QRCUIT INFORAIATION 

The  AD7118  consists  of  a  1 7-bit  R-2R  CMOS  multiplyii^  D/A 
converter  with  extensive  digital  input  logic.  The  logic  trans- 
lates the  6-bit  binary  input  into  a  17-bit  word  which  is  used 
to  drive  the  D/A  conyerter.  Table  I  gives  the  nominal  output 
voltages  (ai4-lH[^i!!^ative  to  OdB  -  lOV)  for  iU  f(OMible'jB> 
put  codes.  The  transfer  function  for  the  circait?o{>;ngiire'l  it 
given  by: 

.|JL5N)  Jv. . 

where  N  is  die  binary  input  for  values  0  to  57.  For  60^P$^ 
the  output  is  zero.  See  note  3  at  bottom  of  Table  1. 

Vdo  -  --   


Vo  =  -ViN  10  cxp  - 


or  |- 


Xhe  current  swrcs  Ileakage  is  composed  of  surface  and 
junction  leakages  and  as  wi4i  most  semiconductor  devices, 
roughly  doubles  every  10°C--<Ke  F||^^^^j^^gjpinQr  Rq 
as  shown  in  Figure  3  is  the  eqoiraleBt  output  l^^mce  of  the 
device  which  varies  with  input  code  (excluding  all  O's  code) 
from  0.8R  to  2R.  R  is  typically  12kn.  Cqut  <s  the  capaci- 
tance due  to  the  N  channel  switches  and.  vari^  firam  about 
5C^F  to  80pF  depending  upon  the  digital  input.  For  further 
information  on  CMOS  multiplying  D/A  converters  refer  to 
"Application  Guide  to  CMOS  Multiplying  D/A  Converters" 
which  is  available  from  Analog  Deyic^,  Pu^liq^^^n^g^phpE.,,  ' 

Q«Pr^-«/»«.  ■  ■  -'.y  „ ^  ^,  ' 


smm, 


KUmB  mi0^WACivuitofAD71t8 


Figure  1.  Typical  Circuit  ConligafiffigllxiiTK>i:  < 
EQUIVALENT  ORCUIT  ANALYSIS  •  •  o!  r  i^uJt,  . 

Figure  2  shows  a  simplified  circuit  of  the  D/A  converter  section 
of  the  AD7118  and  Figure  3  gives  an  approximate  equivalent 
ej?««te*s9«- 
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Figure  3.  Equivalent  Analog  Output  ClreuMll^iAiBSH<i§!  •<>« 
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0 
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0.0 

10.00 
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18 
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49 

11  00  01 
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19 
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0.376 

50 

11  00  10 
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20 
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51 
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21 
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25 
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56 
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0.000631 

26 
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28 
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29 
30 

01  11  01 
01  11  10 

43.5 
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60 

1111x5c' 

DO 

NOTES 

'  Vim  =  -lov  dc 

'Xb  1  or  0.  Output  is  fully  muted  for  N>60 

II  is  not  (lunnleed  for  N  =  58, 


Table  I.  Ideal  Attenuation  vs.  Input  Code 
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Applications  Information— AD71 18 


DYNAMIC  PERFORMANCE 

The  dynamic  performance  of  the  AD7118  will  depend  upon 
the  gain  and  phase  characteristics  of  the  output  amplifier, 
together  with  the  optimum  choice  of  PC  board  layout  and 
decoupling  components.  Figure  4  shows  a  printed  circuit  lay 
out  which  minimizes  feedthrough  from  Vin  to  the  output  in 
multiplying  applications.  Circuit  layout  is  most  important  if 
the  optimum  performance  of  the  AD7118  is  to  be  achieved. 
Most  application  problems  stem  from  either  poor  layout, 
greundii^  en|ayBlt  at  to|ypiq>riate  choice  of  amplifier. 


;eii|ai^'' 


AD7118PIN1 


J. 


INPUT   

MOTE  INPUT  SCREEN 
TO  REDUCE  FEEDTHROUGH 

OGND 

LAYOUT  SHOWS  COIVER  SIDE  (i.e.,  BOTTOM  VIEW] 

Figure  4.  Suggested  Layout  forADJ1 18  and  Op  Amp 

It  is  recommended  that  when  using  the  AD7118  with  a  high 
speed  amplifier,  a  capacitor  CI  be  connected  in  the  feedback 
path  as  shown  in  Figure  1.  This  capacitor,  which  should  be 
between  30pF  and  50pF,  compensates  for  the  phase  lag  intro- 
duced by  the  output  capacitance  of  the  D/A  converter.  Figures 
5  and  6  show  the  performance  of  the  AD7118  using  the 
ADS  17,  a  fully  compensated  high  gain  superbeta  amplifier, 
and  the  AD544,  a  fast  FET  input  amplifier.  The  performance 
without  CI  is  shown  in  the  middle  trace  and  the  response  with 
CI  in  circuit  is  shown  in  the  bottom  trace. 
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Figure  5.  Response  ofAD71 18  with  AD517L 
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Figure  6.  Response  ofAD71 18  with  ADS44S 

In  conventional  CMOS  D/A  converter  design  parasitic  capaci- 
tance in  the  N-channel  D/A  converter  switches  can  give  rise  to 
glitches  on  the  D/A  converter  output.  These  glitches  result 
from  digital  feedthrough.  The  AD7118  has  been  designed  to 
minimize  these  glitches  as  much  as  possible.  It  is  recommended 
that  for  minimum  glitch  energy  the  AD7118  be  operated  with 
Vdd  -  5V.  This  will  reduce  the  available  energy  for  coupling 


across  the  parasitic  capacitance.  It  should  be  noted  that  the 
accuracy  of  the  AD7118  improves  as  Vup  is  increased  (see 
Figure  8)  but  die  device  maintains  monotonic  behavior  to  at 
least  -66dB  in  the  laig:  S<yDD  v^ltf. 

For  operation  beyond  25^^,  capacitor  CI  may  be  reduced 
in  value.  This  ghres  an  increase  in  bandwiddi  at  the  expense  of 
a  poorer  transient  response  as  shown  in  Figures  6  and  11.  In 
circuits  where  CI  is  not  included  the  high  frequency  roll-off 
tisint  is  ptinuudly  determined  by  ^  £iiaiact^iistics-aE.die 
(su^t  amplifier  aad  not  die  ADtllS.  '        I  ' 

Feedthrough  and  absolute  accuracy  for  attenuation  levels 
beyond  42dB  are  sensitive  to  output  leakage  current  effects. 
Foj3  this  reason  it  is  recommended  that  the  operating  tempera- 
ture of  tffej^lT?'!!*  be  kept  as  close  to  25°C  as  is  practically 
possible,  particularly  where  the  device's  performance  at  high 
atttna'ition  ieveb  is  impctrtaiit.  A  typical  plot  of  leakage  dui^ 
rent  vs.  temperature  is  shown  in  Figure  10. 
Some  solder  fluxes  and  cleaning  materials  can  form  slightly 
conductive  films  which  cause  leakage  effects  between  anatog 
input  and  output.  The  user  is  cautioned  to  ensure  that  the 
manufacturing  process  for  circuits  using  the  AD71 18  does  not 
allow  such  films  to  form.  Otherwise  the  feedthrough,  accuracy 
and  maximum  usable  range  will  be  affected. 

STATIC  ACCURACY  PERFORMANCE 

The  D/A  converter  section  of  the  AD7118  consists  of  a  17-bit 
R-2R  type  converter.  To  obtain  optimum  static  performance 
at  this  level  of  resolution  it  is  necessary  to  pay  great  attention  f 
to  ampUfier  selection,  circuit  grounding,  etc. 

Amplifier  input  bias  current  results  in  a  dc  offset  at  the  output 
of  the  ampUfier  due  to  the  current  flowing  through  the  feed- 
back resistor  RpB-  It  is  recommended  that  an  amplifier  wi^ 
an  input  bias  current  of  less  than  lOnA  be  used  (e.g.,  AD517 
or  AD544)  to  minimize  this  offset. 

Another  error  arises  from  t£e  output  amplifier's  input  offset 
voltage.  The  amplifier  is  opeiaxed  widi  a  fixed  feedback  re- 
sistance, but  the  equivalent  source  impedance  (the  AD71 18 
output  impedance)  varies  as  a  function  of  attenuation  level 
This  has  the  effect  of  varying  the  "noise"  gain  of  the  amplifier, 
thus  creating  a  varying  error  due  to  amplifier  offset  voltage.  To 
achieve  an  output  offset  error  less  than  one  half  the  smallest 
step  size,  it  is  recommended  that  an  amplifier  with  less 
than  SO/iV  of  input  offset  be  used  (such  as  the  ADS  17  or 
AD  OP-07). 

If  dc  accuracy  is  not  critical  in  the  ^plication,  it  should  be 
noted  that  amplifiers  with  offset  voltage  up  to  approximately 
2  millivolts  can  be  used.  Amplifiers  with  higher  offset  voltage 
may  cause  audible  "thumps"  due  to  dc  output  changes. 

The  AD7118  accuracy  is  specified  and  tested  using  only  the 
internal  feedback  resistor.  It  is  not  recommended  that  "gain" 
trim  resistors  lie  used  witli  the  AD7118  because  the  intonal 
logic  of  the  circuit  executts  a  proprietary  algorithm  which 
approximates  a  logarithmic  curve  with  a  binary  D/A  converters 
as  a  result  no  single  point  on  the  attenuator  transfer  fiinction 
can  be  guaranteed  to  He  exactly  on  the  ^e<xedcal  curve.  Any 
"gain-error"  (i.e.,  mismatch  of  Rpg  «a'teil-2R  ladder)  that 
may  exist  in  the  AD7118  D/A  converter  circuit  results  in  a 
constant  attenuation  error  over  the  whole  range.  Since  the 
gain-error  of  CMOS  multiplying  D/A  converters  is  normally 
less  than  1%,  the  accuracy  error  contribution  due  to  * 
error"  effects  is  normally  less  than  0.09dB. 
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FEATURES 

8-Bit  CMOS  DAC  with  Output  Ampiifiw- 
Operates  with  Single  w  iSiialtSyppHM 
low  Totai  Unadjusted  Error:  ' 

Letk  than  I'tSB  Over  l^ntperature 
Extended  Temperature  itange  Operation 
..|ilM>»npatible  withOouble  Buffered  Input 
Standard  18-Pin  DIPi  and  20-Tenninei  Surface 

Mount  Pacicage  and  SOIC  Package 


GENEBAL  DESCRIPTION 

The  AD7224  is  a  predaon  8-bit,  Toltage-oiitput,  digital-to-analog 
converter  with  output  amplifier  and  double  buffeted  interface 
logic  on  a  monolithic  CMOS  chip.  No  external  trims  are  required 
to  achieve  full  specified  performance  for  the  part. 

The  double  buffered  inteiiaa  logic  consists  of  two  8-bit  registers- 
aa  input  roister  and  a  DAC  register.  Only  the  data  held  in  the 
DAC  register  determines  die  amdog  output  of  the  converter. 
The  double  buffering  itllows  simultaneous  update  in  a  system 
containing  multiple  AD7224's.  Both  registers  may  be  made 
transparoB  jiUdy  control  of  three  external  lines,  CS,  WK  and 
LDAC.'^th  both  registers  transparent,  the  RESET  line  functions 
like  a  zero  override;  a  useful  function  for  system  calibration 
cycles.  All  logic  inputs  are  TTL  and  CMOS  (SV)  level  compatible 
and  the  control  Ic^c  is  speed  compatible  with  most  8-bit    ~  ' 
miODprocessors. 

Spedfied^pei'fui'iifita^'iB  ^aia&teed  for  input  refiiTOiee  voltages 
fiom  +2V  to  +  12.SV  wlwn  using  dual  supplies.  Tlie  part  is 
also  specified  for  ^qgle  supply  c^etstiira  nmg  a  reference  of 
+  lOV.  The  output  ampler  is'capible  of  iieveloping  +  lOV 
across  a  2kn  load. 

The  AD7224  is  fabricated  in  an  all  ion-implanted  high  speed 
Linear  Compatible  CMOS  (LC^MOS)  process  which  has  been 
speciiicaUy  developed  to  allow  high  speed  digital  logic  circuits 
and  predsioa  analog  circuits  to  be  mtegrated  on  tl;g,;;|^lcliip. 


FUNCTIONAi.  BLOCK  DIAGRAM 


PRODUCT  HIGHLIGHTS 

1.  DAC  and  Amplifier  on  CMOS  Chip 

The  single-chip  design  of  the  8-bit  DAC  and  output  amplifier 
is  inherently  more  reliable  than  multi-chip  d^si^.  C^digS ,  | 
fiibrication  means:  low  power  cmsunqjtion  (3^^  .' 
With  single  supply). 

2.  Low  Total  Unadjusted  Error 

'  The  fiibrication  oif  the  AD7224  on  Analog  Devices  lineat 
'  Compatible  CMOS  (LC^MOS)  ^&ma,  coupled  with  a  novel 

DAC  switch-pair  arrangement,  enables  an  excellent  total 
~  unadjusted  error  of  less  than  ILSB  over  the  fiill  pperatiiig 

teaipetature  range.  W^jwtAH  ;       • .  ■ 

3.  Sngie  or  Dual  Supply  Operation 

'  ' '  The voltage-tnodeconfigurationof theAD7224aUowsdpc^tion 
from  a  single  power  supply  rail.  Tlie  part  can  also  be  bpeiated 
with  dual  supplies  giving  enhancfd  perfimnance  for  some 
parameters. 

4.  Versatile  Interface  Logic 

The  high  speed  logic  allows  direct  interfacing  to  most  micro- 
processors. Additionally,  the  double  buffered  interface  etiables 
simultaneous  update  of  the  AD7224  in  multiple  DAC  systems, 
n  The  part  also  ^nires  a  zero  ovenide  function. 
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AD7224-SPECIFICATI0NS 


(Voo  =  11.4V  to  16.5V,  Vss  =  -5V  ±  10%;  AGND  =  OGND  =  OV;  V„ef  +2V  to      -4V)'  unless  otherwise  stated. 
DUAL  SUPPLY  All  speciftbatiQns  T„|„  to  T„„  unless  otherwise  noted.) 


Faiameter 

K,B,T 
Ventans' 

L,C,U 
Versions 

Units 

Conditions/Comments 

STATIC  PERFORMANCE 
Resolution 

Total  Unadjusted  Error 
Relative  Accuracy 
Differential  Nonlinearity 

8 

±2 
±1 
±1 

8 

±1 

±1/2 

±1 

Bits 

LSB  max 
LSB  max 
LSB  max 

Vdd  =  +  15V  ±  5%,  Vref  =  +  lOV 
Guaranteed  Monotonic 

Full  Scale  Error 

FuU  Scale  Temperature  Coefficient 
Zero  Code  Error 

Zero  Code  Error  Temperature  Coefficient 

±3/2 
±20 
±30 
±50 

±1 
±20 
±20 
±30 

LSB  max 
ppm/°C  max 
mV  max 
(j.V/°Ctyp 

Vdd  =  14V  to  16.5V,  Vref  =  +  lOV 

RaiEJ;^J^INKlT  J  ■"  .y 
Voltage  Range 

Input  Resistance 
Input  Capacitance' 

2tO(VDD-'^' 

8 

100 

J;--  ii 

"2to(VDD-4) 

8 

kO  min 

pF  max 

Occurs  when  D  AC  is  loaded  with  alll 's. 

DIGITAL  INPUTS 
IniliitHigh  Voltage,  Vikh 
Input  Low  Voltage,  Vniji,                   1  ^ 

Input  Leakage  Curz^l^SA  ;  

Input  Capacitance^ 

Input  Coding  , 

2.4 
,  0.8 

\f'\  ,  , 
^mm — 1 

2.4 
0.8 
±1 
8 

Vmin 
Vmax 
^.A  max 
pFmax 

ViN  =  OVorVDD 

DYNAMIC  PERFORMANCE  ,,v 
Voltage  Output  Slew  Rate^ 
Voltage  Output  Settling  Time' 
Positive  Full  Scale  Change 
Negative  Full  Scale  Change 
Digital  Feedthrough 
Minimtun  Load  Resistance 

2.> 

5 
7 

50 
2 

50 
2 

V/fLsmin 

V^max 
flsmax 
nV  sees  typ 
kOmin 

Vref  =  +  lOV;  Settling  Time  to  ±  X/ZtSB 
Vref  =  +  lOV;  Settling  Time  to  ±  I/itSB 
Vref  =  OV 
Votrr  =  lOV 

POWER  SUPPLIES 
VoDRange  ' - '  -f'-tq^ilintn  m.'jq  V 
Vss  Range 
Idd 
@25°C 

Iss 

@25°C 
T,^toT„^ 

11.4/16.5 
4.5/5.5 

4 
6 

11.4/16.5 
4.5/5.5 

4 
6 

V^/V^ 

Vmin/V„U« 

mA  max 

mA  max 

For  Specified  PeifMW^ 
For  Specified  Performance 

Outputs  Unloaded;  Vim  =  ViNLor  Vjnh 
Outputs  u  nloaaeu  >  V  in  —  v      or  v 

3 
5 

3 
5 

mA  max 
EoAiKiax 

Outputs  Unloaded;  Vim  =  Vjnl  or  Vinh 
Uutputs  Unloaaed;  Vin=  ViNt,<}r 

SWITCHING  CHARACTERISTICS" 

ti 

@25°C 

TmjiIoT^ 

150 
200 

150 
200 

nsmin 
nsmin 

Chip  Select/Load  DAC  Pulse  Width 

t2 

@25°C 
T^toT„„ 

150 
200 

ISO 
200 

_  ^|p[p/R(^  Pa|»V^ch 

@25°C 
^  TimitoTm, 

©ax: 

Ti^toT„B 

0 
0 

0 
0 

nsmio 
nsmin 

Chip  Select/Load  DAC  to  Write  Setup  Time 

0 
0 

0 
0 

nsmin 

nsmin 

Chip  Select/Load  DAC  to  Write  Hold  Time 

ts 

@25°C 
T«fi,toT„ 

90 
100 

90 
100 

nsmin 

Data  Valid  to  Write  Setup  Time 

@25"C 
T„j„toT,^ 

10 
10 

10 
10 

nsmin 
nsmin 

Data  Valid  to  Write  Hold  Time 

NOTES 

'Maximum  possible  reference  voltage. 
^Tempe^lttae  langes  are  as  foltems: 

B,  CVeraions:  -40Xto+85"C 

mm  mm 

T,  U  Versions:  -S5"C  to  +  \25'C 
^Sample  Tested  at  2S°C  by  Product  Assurance  to  ensure  compliance. 
^Switching  characteristics  apply  for  single  and  dual  supply  operation, 
^peeificaiipns  subject  u>  change  m^uaut  notice. 
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CniM  C  CIIDDI V      =        *  =       =  M""  =  W;  V„f  =  +10V'  anlBSs' 

SlilwX  oUrr l>T  Tm ^  ^mx  ""'bss  otherwise  noted.) 


"^-^  - '^^^■■'ipecilications 


Pafameter 

K.B.T 
Vcnkna' 

L,C,U 
Venioiia 

Units 

Conditions/Comments 

STATIC  PERFORMANCE 

Resolution 

Tool  Unadjusted  Error^ 
Diffenntial  Nonlinearity' 

8 

±2 
±1 

8 

±2 
±1 

Bits 

LSBmax 
LSBmac 

REFERENCE  INPUT 
Input  Resiscance 
Input  Capadtanoe^ 

8 

100 

8 

100 

kHmin 
pFniaz 

Occurs  when  DAC  is  loaded  widi  all  Ts. 

DIGITAL  INPUTS 
Input  High  Voltage ,  Voni 
Input  Low  Voltage,  Vn^ 
Input  Leakage  Current 
Input  Capacitance^ 
Input  Coding 

2.4 
0.8 
±1 
8 

Bi&sry 

2.4 

0.8 

8 

Buury 

lilt 

ViN  =  OVorVDD 

DYNAMIC  PERFORMANCE 

2  I,'"'"' 
5 

20 
50 
2 

^smax 

nVsecstyp 

kOmin 

 ;  i.--. 

_^  --  Amifc. 
Settling  Time  to  ±  ISL^ 

Settling  Time  to  ±  l)8a£<®li'  •  --.'!« 

Vref  =  OV 

VouT  =  +  lOV 

VoltageOutput  Slew  Rate* 

VoltageOutput  Settling  Time* 
Positive  Full  Scale  Change 
Negative  Full  Scale  Change 

Digital  Feedthrough'  ' 

Minimum  Load  Resistii^^'"'  '* 

2 

5 

20 
50 

■.    2      ■      ■  ■ 

POWER  SUPPLIES 

Idd 

@25°C 

T„i„toTmax 

14.25/15.75 

4 

4 

6 

mAmax 

Ot^prntUakMcled;  Yin = Vmi.or  VniH 
-^^MifMnded;  Yin = Vnn.  or  VmH 

SWITCHINGCHARACTERISTICS' 
ti 

•'  T„^ibT„ 

150 
200 

150 
200 

nsmin 

^^i'.tefe..-  f^.'o  , '                   -  ij^jl 

Chin  Sd0ft/T.Md  r>AP  Pnlv  width 

@25°C 

Tg^tOT„ 

150 
200 

150 
200 

nsmin 
nsmin 

Writ^R^KcnilwWidlli 

t3 

@25°C 
T,^toT_ 

0 

0 

0 

0 

nsmin 

t4 

@25°C 
Ti^mXa. 

0 
0 

0 
0 

nsmin 
n»  nun 

Chip  Select/Load  DAC  to  Write  Hold  Time 

T^tnT„ 

90 
100 

90 
100 

ncmtn 
nsmin 

Data  Vtlid  to  WriteSetup  Time 

@2S°C 

Ti^toTmu 

10 
10 

10 
10 

nsmin 
ny  min 

Data  Valid  to  Write  Hold  Tunc 

NOTES                       '  ^  '  ■■ 
'MasEimuni  possible  reference  voltage, 
^empenilure  ranges  are  as  follows: 
K,L  Versions;  -W-Cto+gS'C 
B,  C  Versions:  -40°Cto+85°C 

>.  -rki 

T,  U  Versions:  -  55°C  to  +  125"C 
^Sample  Tested  at  25°C  by  Product  Assurance  to  ensure  compliance. 
'Swilchmg  duftciertttics  apiity  for  Agle  uAilual  lunply  opentei. 
%ieeifiaao4t<Biib|ect  to  change  without  notice.  I 


VoDtoAGND  -0.3V,  +  17V 

VnotoDGND  -0.3V,  +  17V 

VddWVss  •  .  •  ■  -0.3V,  +24V 

AGND  to  pOND  .  .  .  .  J";         .  .  .  . ;-0.3V,  Vdd 

iOigital  Input  VolQ«RtitOdilD   ...  J   -0.3V,  Vdd  +0.3V 

VrefIoAGND  .  J  .  .  .  .    "0.3V,  Vdc 

Vour  to  AGND'  V  'Vss,  Vdd 

Power  Dissipation  (Any  Fadoge)  to  .  ^"  .  .'  '4S0niW 

Derates  above  75°C  by  6mW/°C 

Operating  Temperatuie 
Ifcrmr  - . :  -  Coaaoisdiai (K,  L  Veisiad^. ....  . .  -40°C  to  +g5°C 

Industrial  (B,  C  Veisions)   '.  .  -40°Cto+gS°C 

EnoDded  (T,  U  Versions)   -  55°C  to  + 125'€ 

Storage  Temperature  -6S°C  to +1S0°C 

Lead  Temperatnie  (S||il(bfi(«>  lOaecs)   .|  .  .  .       ,  v  i+300°C 

NOTES 

'The  outputs  may  be  shoned  to  AGND  provided  that  the  power  dissipation 
of  the  package  is  not  exceeded.  Typically  short  circuit  current  to  AGND 
is  60mA. 

^Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may 
cause  permanent  damage  to  the  device.  This  is  a  streft  fating  only  and 
functional  operation  of  the  device  at  these  or  any  other  conditions  above 
those  indicated  in  the  operational  sections  of  this  specificatit^  is  not 
impUed.  Exposure  to  absolute  maximum  rating  conditions  for  i  extended  ^ 
periods  may  affect  device  reliability.  | 


Total 

Model' 

Temperature 
Range 

Unadjusted 
Error  (LSB) 

Package 
Option^ 

AD7224KN 

-40°Cto  +85°C 

±  2  max 

N-18 

Ap7224IJ* 
'AD7224KP. 

-40°Cto  +85°C 
-40°Cto  +85°C 

±  1  max 
±  2  max 

N-18 
P-20A 

AD7224LP 

-40°Cto+85°C 

±  1  max 

P-20A 

AD7224KR-1 

-40°Cto+85°C 

±2  max 

R-20 

AD7224LR-1 

-40°Cto  +85°C 

±  1  max 

R-20 

AD7224BQ 

-40°Cto+85°C 

±  2  max 

Q-18 

AD7224CQ 

-40Xto  +85°C 

±  1  max 

Q-18 

AD7224TQ 

-55°Cto  + 125-0 

±2  max 

Q-18 

AD7224UQ 

-ss-cto  +  ns-c 

±  1  max 

Q-18 

AD7224TE 

-SSXto  +  US^C 

±2  max 

E-20A 

AD7224UE 

-55^6l+l25°C 

E-20A , 

NOTES 

'To  order  MIL-STD-883  processed  pans,  add  /883B  to  part  number. 
Contact  your  local  sales  pfGce  for  military  d^ta  sheet,      ^  .  , 

=  Leadless  Cefwnic  Chip  Gankr;  N  =  Plastic  i  ' 
Q  =  Cerdip;  R  =  8016.  Fore        "  " 
section.  -  .    -  — '    -  i . 


CAUTION   

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protect- 
ed; however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy 
electrostatic  fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective 
foam  should  be  discharged  to  the  destination  socket  before  devices  are  removed. 


WARNING! 


ESD  SENSITIVE  DEVICE 
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TERMINOLOGY  _ 
TOTAL  ITNADJUSTED  ERROR 

Total  Unadjusted  Error  is  a  comprehensive  specification  which 
includes  full  scale  error,  relative  accuracy  and  zero  code  error. 
Maximiun  output  voltage  is  Vref  ~  ILSB  (ideal)  where  ILSB 
(ideal)  is  Vref/256.  The  LSB  size  will  vary  over  the  Vref  range. 
Hence  the  zero  code  error,  relative  to  LSB  size,  will  increase  as 
Vkef  decreases.  Accordingly,  the  total  unadjusted  error,  which 
includes  the  zero  code  error,  will  also  vary  in  terms  of  LSB's 
over  the  Vkef  range.  As  a  result,  total  unadjusted  error  is  specified 
for  a  Diul  oMmitstilctaee  of  +  lOV. 

RELATIVE  ACCURACY 

Relative  Accuracy  or  end-point  nonlinearity  is  a  measuie  of  the 
nundmuin  devutioa  from  a  stnd^it  line  paKing/thioii^i  the 
end-poiiits  of  the  DAC  transfer  functioii.  It  is  measored  after 


aUcnpig  ;fofZerpjqide,ei^  and  fiill  scale  enor  aod  isnomul^  , 


DIFFERENTIAL  NO^^LINEAiUTY 

Differential  Nonlinearity  is  the  difference  between  the  measured 
change  and  the  ideal  ILSB  change  between  any  two  adjacent 
codes.  A  specified  differential  nonlinearity  of  ±  ILSB  max  over 
the  operating  temperature  range  ensures  monotonicity. 

DIGITAL  FEEDTHROUGH 

Digital  Feedthrough  is  the  glitch  impulse  transferred  to  the 
output  due  to  a  change  in  the  digital  input  code.  It  is  specified 
in  nV  sees  and  is  measured  at  Vref  =  OV. 


FULL  SCALE  ERROR  -i 

FklU  Sc(le  Error  is  defined  as:  x 
Measmd  Value  -  Zero  Code  Error  -  Ideal 


-r 


-r 


cmctnr  information 


D/A  SECTION 

The  AD7224  contains  an  8-bit  voltage-mode  digital-to-analog 
converter.  The  output  voltage  from  tbe  converter  has  the  same 
polarity  as  the  reference  voltage  allowing  single  supply  operation. 
A  novel  DAC  switch  pair  arrangement  on  the  AD7224  allows  a 

reference  voltage  range  from  +2V  to  +  12.5V. 

The  DAC  consists  of  a  highly  stable,  thin-film,  R-2R  ladder  and 
eight  high  speed  NMOS  single  pole,  double-throw  switches. 
The  simplified  circuit  diagram  for  this  DAC  is  shown  in 
Figure  1. 


SHOWN  FOR  AU 1 'S  ON  DAC 


<^  '   ■'■'figure  1i  DfASlnfplifl6deieetiit Diagram 

The  input  impedance  at  the  Vref  pin  is  code  dependent  and 
can  vary  from  SkH  minimimi  to  infinity.  The  lowest  input 
impedance  occurs  when  the  DAC  is  loaded'wiA  tbe  digital  code 
01010101.  Therefore,  it  is  important  that  j&'itiG^iaice  presents 
a  low  oulpat  impedance  under  changing  load  conditions.  Tiie 
nodal  capacitance  at  the  reference  terminal  is  also  code  dependent 
and  typically  varies  from  25pF  to  50pF. 

The  VouT  pin  can  be  considered  as  a  digitally  programmable 
vdtage  source  with  an  output  voltage  of: 

Votrr  —  D  .  Vrbf 

where  D  is  a  fractional  iQiresentation  of  the  digital  input 
code  and  can  vary  from  0  to  2SS/2S6. 

OP-AMP  SECTION 

The  voltage-mode  D/A  converter  output  is  buffered  by  a  unity 
gain  non-inverting  CMOS  amplifier.  This  bu£fer  amplifier  is 
capable  of  developing  -I-  lOV  across  a  2kll  load  and  can  drive 
cqiacitive  loads  of  3300pF. 


I 

=  ov 

Vao=  * 

SV 
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The  AD7224  can  be  operated  single  or  dual  supidy  resulting  in 
different  performance  in  some  parameters  fnaa  the  output  am- 
plifier. In  single  supply  operation  (Vss  =  OV  =  AGND)  the 
sink  capability  t£  the  ampHfirr,  which  is  normally  400|iA,  is 
redocedaslbeoutputvoltagenears  AGND.  ThefiiUsiqkcapalulity 
of  400|j.A  is  maintained  ovef  the  fiill  output  voltage  range-  by   .  - 
tying  Vss  to  —  5V.  This  is  indicated  in  Figure  2.  r 

Settling-time  for  negative-going  output  signals  approaching 
AGND  is  similarly  affected  by  Vss-  Negative-going  settling-time 
for  single  supply  operation  is  longer  than  for  dual  supply  operation. 

Positive-going  settling-time  is  not  affected  by  Vss. 

Additionally,  the  negative  Vss  gives  more  head-room  to  the 
output  amplifier  which  results  in  better  zero  code  performance 
and  improved  slew-rate  at  the  output,  than  can  be  obtained  in 
the  single  supply  mode. 

DIGITAL  SECTION 

The  AD7224  digital  inputs  are  compatible  with  either  TTL  or 
5V  CMOS  levels.  All  logic  inputs  are  static-protected  MOS 
gates  with  typical  input  cturents  of  less  than  InA.  Intenul 
input  proteoion  is  achieved  by  an  on-chip  distributed  diode 


REW.  Hi 


between  DGND  and  each  MOS  gate.  To  minimize  power  supply 
currents,  it  is  recomineiided  that  the  digital  i^u  voltages  be 
driven  as  doai  ts^!lH^il|r«ffitVgb«il  WIMNFIp^^ 

possible. 

INTERFACE  LOGIC  INFORMATION 

Table  I  shows  the  truth  table  for  AD7224  operation.  The  part 
contains  two  registers,  an  input  register  and  a  DAC  register.  CS 
and  WR  control  the  loading  of  the  input  register  while  LDAC 
and  WR  control  the  transfer  of  information  from  the  input 
register  to  the  DAC  register.  Only  the  data  held  in  the  DAC 
register  will  determine  the  analog  output  of  the  converter. 
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DAC  Register  Latched 
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X 

Both  Registen  Loaded 
With  All  Zeros 

JT 

H 

H 

" 

H 

Both  Register  Latched  With 
All  Zeros  and  Oaqnt  Remains 
at  Zero 

L 

L 

L 

Both  Registersare  Transparent 
and  Output  Follows  Input  Data 

H  =  High  State,  L  =  Low  State,  X  =  Don't  Care. 
All  control  inputs  are  level  triggered. 

Table  I.  AD7224  Truth  Table 

All  control  signals  are  level-triggered  and  therefore  either  or 
both  registers  may  be  made  transparent;  the  input  register  by 
keeping  CS  and  WR  "LOW",  the  DAC  register  by  keeping 
LDAC  and  N^''IX|^';^;^^,i|g||;U;Jftched  <9i  the  tisiog 

The  contents  of  both  wgigttra  areneset  by  a  letv  tevet  on  the 
RESET  line.  With  both  legisten  timsparciit,  the  RESET  line 
fimctions  like  a  zero  override  with  the  output  bitnight  to  OV  for 
the  duration  of  the  RESET  pulse.  If  both  registers  are  latched, 
a  "LOW"  pulse  on  RESET  will  latch  all  O's  into  the  registers 
and  the  output  remains  at  OV  after  the  RESET  line  has  returned 
"HIGH".  The  RESET  line  can  be  used  to  ensure  power-up  to 
OV  on  the  AD7224  output  and  is  also  use&t,  when  used  as  a 

o^e^Tide,  in  system  calibration  cycles.  Figujce  3  shows  the 
ii^tjfiiK^trid  Jogic  for  the  AD7224. 


NOTES 

1.  ALL  INPtrr  SIGNAL  RISE  AND  FAU  TIMES 
MEASURED  FROM  10%  TO  90%  of  Vgo.     :  .J 

t,  >  t,  =  20IW  OVER  Voo  RANGE 

2.  TIMING  MEASUREMENT  REFERENCt-lijitMP  ' ' 

—  Figure  4.  Write  Cycle  Timing  Diagram 

OTECIFICATION  RANGES 

For  the  DAC  to  maintain  specified  ascura^^  the  reference  voltage 
must  be  at  least  4V  below  the  VoDilKninSMfil^Jiotta^.  jl%is 
voltage  differential  is  required  lor  CQ^ieciC  geo«nillieii''Of  \ttga  . 
voltages  for  the  DAC  switches. 

With'tliUl  supply  operation,  die  AD7224  has  an  tttenddd-VoD 
range  &om  +  12V  ±5%  t6  +  ISV  ±  10%'  Qm^fM'mW'-''^ 
+  16.SV).  Opeiatitm  is  also  specified  for  a  iSt^^^foo  fsks 

supply  of  +15V  ±5%. 

Performance  is  specified  over  a  wide  range  of  reference  voltages 
firom  2V  to  (Sod  -4V)  with  dual  supplies.  This  allows  a  range 
of  standard  reference  generators  to  be  used  such  as  the  AD580, 
a  +2.SV  famidgiq)  rrference  and  the  ADS84,  a  predsitHi  +  lOV 
tefiaence.  Note  that  in  order  to  achieve  an  output  voltage  range 
of  OV  to -t- lOV,  a  nominal -I- ISV  ±  S%  powers 
required  by  Ihe  AD7224.  -    v  ' 

GKOUND  MANA<»MENT  -^----o— (-*•  

AC  or  tnn«i^  votaiges  j^weeu  AGND  and  DGND  can  'cause 
luiae  at  the  anaiogoulput.  tliis  is  eqiedally  triie  in  micrc^naoessor 
systems  where  digital  noiae  a  premdent.  The  simplest  method  of 
ensuring  that  voltages  at  AGND  and  DGND  are  equal  is  to  tie 
AGND  and  DGND  together  at  the  AD7224.  In  more  eini^ei: 
systems  where  the  AGND  and  DGND  intertie  is  on  the  badquhmfe 
it  is  recommended,  :^b«jBBft«Upde«  be  connected  in  iuTOCje 
parallel  between  ^  4^r^p,  and  DGNP  pms  QmU  - 

or  eqiiiviy»^t).  -.,  ■:  u,^ 


Applying  the  7224 


.M!AC  ■ 


DAC  REGISTER 


INPUT  REGISTER 


Figures.  Input  Control  Logic 


UNIPOLAR  OUTPUT  OPERATION 

This  is  the  basic  mode  of  operation  for  the  AD7224,  with  the 
output  voltage  having  the  same  positive  polarity  as  Vref.  The 
AD7224  can  be  operated  single  supply  (Vss  =  AGND)  or  with 
positive/negative  suppUes  (see  op-amp  section  which  outlines  the 
advantages  of  having  negative  Vss).  Connections  for  the  unipolar 
ouqnit  operation  are  shown  in  Figure  S.  The  voltage  at  Vref 
must  never  be  negative  vriih  respect  to  DGND.  Failure  to  observe 
this  precaution  jsag  cmat  poiasitic  transistor  action  and  possible 
device  destructioo.  The  code  table  for  imipolar  output  operation 
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BIPOLAR  OUTPUT  OPERATION 

The  AD7224  can  be  configured  to  provide  bipolar  output  operation 
using  one  external  amplifier  and  two  resistors.  Figure  6  shows  a 
dicuit  used  to  implement  offset  binary  coding.  In  this  case 

Vo  =  (2D  - 1)  ■  Vref 

where  D  is  a  fractional  representation 
of  die  digital  woid  in  the  DAC  register. 

Mimiatch  betwuji  Rl  and  R2  causes  gain  and  errors; 
therefore,  diese  resisted  must  match  and  track  over  tempentnre. 
Once  again,  the  AD7224  can  be  operated  in  single  sn|>|dy  or 
fidan  poativeAaegalive  supplies.  Table  III  shows  die  digital  code 
versus  onqnt  volttge  relationship  for  the  ctrci^  of  I^uie  6 
with  Rl  -  R2. 


OAC 

Figure  6.  Bipolar  Output  Circuit 
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Table  III.  B^im^^miMBirtary)  Coda  Table 
AGNDBIAS 

The  AD7224  AGND  pin  can  be  biased  above  system  GND 
(AD7224  DGND)  to  provide  an  offset  "zero"  analog  output 
voltage  level.  Figure  7  shows  a  circuit  configuration  to  li^Jive 
this.  The  output  voltage,  Vour,  >s  expressed  as: 

VouT  =  Vbias  +  D  •  (Vdj) 

wliae  D  is  a  &actkmal  lepieaenttfaa  of  Ae  d||^  •oed 
in  die  DAC  legisieT  and  can  vary  fi«Bi  0  to  SSSITSS. 

For  a  given  Vjs,  increasing  AGND  above  system  GND  will 
reduce  die  effective  VDir-VitEF  which  must  be  at  least  4V  Id 
ensure  qwdfied  opentioii.  Note  that  VaaftMattfot  die  AD7224 
must  be  referenced  to  DGND. 
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Figure  7.  AGND  Bias  Circuit 
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ADORESSAATA  BUS 


njNEAR  aRcurmv  omttted  for  clarity 


Figures.  AD7d 
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Figu^.tO.  AD72g4  to  Z-80  Interface 
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Figure  9.  AD7224  to  fiSOiSHSSQ^  MmfacB^ 
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CROSS  REFERENCE 

•:T"rn***i.iy"'r    .  T 

•  Internal  Output  Amplifier 

■  -Vl 

PMI 

ADI 

TEMPERATURE  RANGE 

•  Doubie-Buffered  Data  Inputs 

•  Microprocessor  Compatible 

PM7224AX 
PM7224BX 

AD7224UQ 
AD7224TQ 

MIL 

•  Adjustment  Free  (±1/2  LSB  Total  Error) 

•  Guaranteed  Monotonicity 

PM7224EX 
PM7224FX 

AD7224CQ 
AD7224BQ 

.  ,  \  1  ^  IND 

•  Single  or  Dual  Supply  Operation 

•  Space  Saving  0.3"  Wide  18-Pin  DIP  -       -  -- 

•  TTU5V  CMOS  Compatible 

PM7224GP 

PM722<IFPC 

PM7224FP 

AD7224LN 
AD7224KP 
AD7224KN 

COM 

Of«>  D3JtoMnaO-(M 


Fast  Data  Load,  tyy„  =  90ns  (Ail  Temperatures) 
Single  Specification  Table  for  Both  Dual  and  Single 

Power  Supply  Operation  ■ — 

Available  in  Die  Form  


APPLICATIONS 

•  Process/Industrial  Controls 

•  Automatic  Test  Equipment 
^liOp  Amp  Offset  Adjust 

•  Gain  Adjust 

•  Attenuation 

•  Medical  Equipment 


iiiTgM  SMI  s 


GENERAL  DESCRIPTION 

The  PM-7224  is  an  improved  version  of  the  AD7224,  which  is  an 
8-bit,  double-buffered,  voltage  output,  CMOS  digital-to-analog 
converter.  It  consists  of  a  CMOS  output  amplifier,  two  8-bit 
rf^isjecs^  iot^if 9ce  control  logic,  and  an  R-2R  resistor  ladder 

PIN  CONNECTIONS 


ORDERING  INFORMATION  ' 


PACKAGE 

TOTAL 

EXTENDED 

UNADJUSTED 

MiLrrAHV 

INDUSTRIAL 

COMMERCIAL 

ERROR 

TEMPERATURE 

TEMPERATURE 

TEMPERATURE 

±1/2  LSB 

PM7224AX 

PM7224EX 

PM7224GP 

11  LSB 

PM7224BX 

PM7224FX 

ilLSB 

PM7224BR0883 

PM7224FS 

±1  LSB 

PM7224FPC 

±1  LSB 

PM7224FP 

'    For  devices  processed  in  total  compliance  to  MIL-STD-883.  add  /883  after  part 

number.  Consult  factory  for  683  data  sheet 
t    Burn-In  is  available  on  commercial  and  Industrial  temperature  range  parts  In 

CerOIP,  plastic  DIP,  and  TOKan.^a£kases.  "  " 
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PC  board-space  and  costs  are  greatly  reduced  by  eliminating 
the  need  for  an  external  amplifier  and  associated  trim  circuitry. 

Excellent  zero  code  error  is  achieved  for  both  single  and  dual 
supply  operation  by  laser  trimming  the  offset  during  manufac- 
f  urin0:The  imefnal  amplifier  can  deliver  up  to  SmA  into  a  2kn 
load  and  can  drive  a  3300pF  capacltlve  load. 

A  reset  pin  simplifies  system  power-up  and/or  calibration 
cycles.  It  allows  the  DAC  to  momentarily  be  reset  to  OV  and 
function  like  a  zerooverride  when  both  registers  are  trans- 
parent; howilVer,  the  DAC  output  will  remain  at  OV  when  both 
registers  aie  lalcli^d^'  " 

The  PM-7224  can  be  operated  with  either  a  single  or  dual 
supply;  however,  zero  code  error  can  be  improved  using  dual 
supplies. 

PMI's  advanced  oxide-Isolated,  silicon-gate,  CMOS  process 
allows  the  PM-7224's  analog  and  digital  circuitry  to  be  manu- 
factured on  the  same  chip.  This,  coupled  with  PMI's  highly- 
stable  thin-film  R-2R  resistor  ladder,  aids  in  the  PM-7224's 
excellent  full-scale  and  zero-code  error  temperature  coef- 
ficients. It  also  t«stttin-«ni4MNilK^«iHii^ 
amplifier. 

The  PM-7224  Is  a  CMOS  monolithic  chip  that  fits  into  a  space 
saving  18-pin,  0.3"  wide,  DIP  pacl<age.  With  faster  AC  timirig, 
and  tighter  single  and  dual  supply  operation  spe6if  iC{ri{ons>  ttbl 
an  improved  replacement  for  the.AD7224. 

-  1  r--it\^Hf 


ABSOLUTE  MAXIMUM 

otherwise  noted) 

V^^to  AGNDor  DGND  -0.3V,  +17V 

V33  to  AGND  or  DGND  -7V,  V^^ 


 -0.3V,  +24V 

AGNDto'DGND  .....v..^.......  -0.3,  V^^ 

Digital  Input  Voltage  to  DGND  -0.3V,  V^^, 

VpgptoAGND   -0.3V, 

Vqu,  to  AGND  (Note  1)  .r...-....-.T:..„....T......:.r::n......  V^^, 

Operating  Temperature 

Military,  AX/BX  -55°C  to+125''C 

Extended  Industrial,  EX/FX/FP/FPC/FS  -40''Cto  +85°C 


Commercial,  GP . 


.•.;3.;?.?X.'.l'vS  d°C  to  +70°C 


Junction  Temperature  :  +150°C 

Storage  Temperature  .^'Clo+ISO'C 


PACKAGE  TYPE 

.  .  -  -      ...;iAf  - 

c  UNfTS 

18-Pin  Hermetic  DIP^  ' 

-;rnv.  :     -  g^i;:. 

^'^^ 

"C/W 

18-Pin  Plastic  DIP  ' 

■              '75  '  " 

'  33     "  '  . 

"C/W 

20-Conlacl  LCC  (RC) 

98 

38 

x/w 

18-Pin  SOL(S) 

89 

27 

°c/w 

20-ConlactPLCX;(PC) 

78 

NOTES:  .   .    ..  ; 

1 .  Outputs  may  be  shorted  to  AGND  provided  ttie  package  power  dissipation 
not  exceeded.  Typical  output  short  circuit  current  to  AGND  Is  SOnlA. 

2.  The  digital  inputs  are  diode-protected;  however,  permanent  darrtage  may 
occur  on  unconnected  inputs  from  high-energy  electrostatic  fields.  Keep'lEle' 
vice  In  conductive  foam  at  all  times  until  ready  for  use. 

<3.  Use  proper  anti-staSc  handling  procedures. 

4.  Stresses  above  those  listed  under  'Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  at  or  above  this  specification  is  not  implied.  Exposure  to  above 
I  maximum  ratings  conditions  for  extended  periods  may  affect  device  reliability. 

^PSSPCf  UtrtOflIf  '3  specified  for  worst  case  mounting  conditions,  i.e.,  e^^  is  specified  for 

device  in  socket  for  CerOIP,  P-DIP,  and  LCC  packages;  is  specified  for 
device  soldered  to  printed  drcuit  board  for  SOL  and  PLCC  packages. 


Specifications  appiy  for  DUAL  or  SiNGLE  SUPPLY,  unless  otiierwise  specified. 

ELECTRICAL  CHARACTERiStiCS:  DUAL  SUPPLY:  VDD-+11.4Vto+16.5V;Vss--^V±10%;AGND-DGND 

to  (Vdp  -  4V);  or  SINGLE  SUPPLY:  Vqd  =  +1 5V  ±5%;  Vss  -  AGND  -  DGND  «  OV;  Vref  -  +1  OV;  Ta  -  -SS'C  to  +1 25°C  ?^)piy  for 

PM-7224AXi«X;TA--WC  to +85»C  apply  forPM-7224BC/FX/FP/FPC/FS;TA-0«Cto+70 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN  TYP 

MAX 

UNITS 

STATIC  ACCURACY 

Resolution 

N 

8 

Bits 

Total  Unadjusted  Error 
(Note  1 ) 

TUE 

PM-7224A/E/G 
PM-7224B/F 

±1/2 
±1 

LSB 

Relative  Accuracy 

INL 

PM-7224A/E/G 
PM-7224Brt= 

±1/2 
±1 

LSB 

Differential  Nonlinearlty 
(No»2) 

DNL 

PM-7224A/E/G 
PM-7224B/F 

11/2 
±1 

LSB 

Full-Scale  Error 

GPSE  , 

PI^-7224A/E/G 
•  PM-7224B/F 

.  ±1/2 
±1 

LSB 

Full-Scale 
Temperature  Coefficient 
(Notes) 

Tgqfs 

±1 

±20 

ppni/°C 

Zero  Error  Code 


VZSE 


DUAL  SUPPLY: 
PM-7224A/E/G 
PIW-7224B/F 


SINGLE  SUPPLY: 
PM-7224A/E/G 
PM-7224B/F 


±20 


±10 
±20 


Zero  Error  Code 
Temperature  Coefficieni 
(Notes) 


TCVzs 


PM-7224 


Specifications  apply  for  DUAL  or  SiNGLE  SUPPLY,  unless  otherwise  specified.             .  j  ; ; :.. ,.   i  •  )  r  ~'  : 
ELECTRICAL  CHARACTERISTICS:  DUAL  SUPPLY:  V^^  =  +1 1 .4V  to  +1 6.5V;  V^g  =  -5V  ±1 0%;  AGNI>-©6»«  -  OV;  V^^p 
+2V  to  (Vqp  -  4V);  or  SINGLE  SUPPLY:  Vp^  =  +15V  ±5%;  Vgg  =  AGND  =  DGND  =  OV;  V„gp  =  +10V;     =  -55«C  tO+125°C  apply  for 
PM-7224AX/BX;     =  -40°C  to,  +85''C  apply  for  PM-72?4EX/FX/FP/FPC/FS;     =  0°C  to  +70°C  for  PM-7224GP,  unless  otherwise 
noted.  Continued     ._ 


RMIAMETER 

SYMBOL 

I' 

CONDITIONS  ' 

MIN 

PM-7224 

TYP 

MAX 

 r 

REFERENCE  INPUT 

 rfe^ — ^  

\Ailtags  Range 
(Note  4) 

;,r 

DUAL  ONLY 

2 

- 

(VoD-4) 

V 

Input  Resistance 

a 

kn 

Input  Capacitance 
(Note  3) 

''IN 

Digital  Inputs  =  all  1's 

100 

pF 

1 

DIGITAL  INPUTS 

Digital  Input  Hlb 

V|NH 

2.4 

V 

Digital  Input  Low 

V|NL 

0.8 

V 

Input  Current 

l|N 

V,N  =  OVorVDo 

±1 

mA 

Input  Capacitance 

-  - 

 «  

—    ■  -p^ 

(Note  3) 

Input  Coding 

BINARY 

POWER  SUPPLIES 

Power  Supply 
R^ectlon  Ratio      —  " 

PSRR 

0,005% 

%/% 

^^^ve  Supply  CuyreM' 
(Notes) 

'dd  

Tj^  =  +25°C 

-  Tx =Full"ftinpfte!g«  — 

'!>i..j;r'.JR'>., 

4 

_  mA 

— e — 

—  VOABUag*  tUfAV^ 

Negative  Supply  Current 

V  . 

-  eUALSUPPL¥«i^(>  

 3 

mA 

(Notes)  - 

T^  =  FtM'Anir  range 

 > — t  

DYNAMIC  PERFORMANCE 

^out  Sl^* 

-/V 

V/tiS 

(Note  3) 

SR 

2.5 

Vqut  Settling  Time 
Positive  or  Negative 

«8 

s 

mS 

(Note  3, 6) 

Digttal  Faedlhrough 
(Note  3) 

0 

10 

-5.  ' 

<■■  ■'3h\ft 

Minimum  Load 
Resistance 

'^L(MIN) 

,  ■ -  kn 

SWITCHING  CHARACTERISTICS  (Note  3) 


Chip  Select/Load 
DAG  PulsfrWIdth 

90 

ns 

tlinteMeset 
Btill»AIVIdth 

'  h 

90 

etiiH  Select/Load 
DAC  to  Write  Setup  Time 

0 

ns 

Chip  Select/Load 
DAC  to  WMte  Hold  Time 

U 

0 

ns 

DMSVWIdto 
Wits  Setup  Time 

90 

ns 

DataUalidto 
Write  Hold  Time 

10 

ns 

 ■.■•s;  .:< 

NOTES:  ,.     ,„,  , 

1.  Includes  Full  Scale  Error,  l^elative  Accuracy,  and  Zero  Code  Error.  4.  VQQ-4valtsisthemaximumrefeFencevoltagefortheaboyeapecHicatton&. 

2.  Alt  devices  guaranteed  monotonic  over  the  full  operating  temperature  5.  V||,j  =  V||g|_  or  V||,|h;  outputs  unloaded. 


range.  6.  Vn^p  =  +10V:  to  where  output  settles  to  1/2  LSB. 

3.  Guaranteed  by  design  and  not  subject  to  production  test.  .  .j 


REy,A 


DICECHARACTCRISnCS  »>#WflW»^*-«7Mte.?.?!" 


DIE  SIZE  0.094  X  0.099  Inch,  9306  sq-mli   ,  " 

(2J9  X  2.52  mm,  6.0  «q.  mm)  ' 

 '  ■   '^fl-irrrM, 


Specifications  apply  for  DUAL  or  SINGLE  SUPPLY,  unless  otherwise  spedfled. 

WAFER  TEST  LIMITS:  DUAL  SUPPLY:  Vdd  = +11  4Vto+16.5V;  Vss=-5V±10%;AGND  =  DGND  =  0V;Vref  =  +2V to  (Vdd-4V). 
SINGLE  SUPPLY;  Vop  =  +15V  ±5%;  Vgs  =  AGND  =  DGND  =  OV:  Vref  =  +10V;  unless  otherwise  noted. 


PM-7224GBC 

UMIT 

RMAMETER 

SYMBOL 

CONDITIONS 

UNlts 

STATIC  ACCIMIItljy  

Resolution  p. 

N 

-  — .                           J  ii-  --  .r 

■as 

Total  Unadiusted  EMir 

-we"  

-                                           -.C-.      .-IT.-*  •hi'  =-;l 

 -±1-  - 

•  LSBMAX 

(Note1) 

Relative  Accuracy 

INL 

„_  .  . 

LSBMAX 

±1 

LSB  MAX 

Full  Scale  Error 

±1 

^-     LSB  MAX 

Zero  Code  Error 

VZSE 

±20  - 

mVMAX 

REFEHENCE  INPUT  C 

VbltaSeramijiii   

.(Notes)  — 

Vref 

DU^  SUPPLY  ONLY 

2tO(Vop-^ 

V 

Hetorei<ce  Irtfttil 

%  . 

knMIN 

DIGITAL  INPUTS 

■■^ 

Digital  Inputs  High 

2.4 

y  MiN 

Digital  Inputs  l-ow 

V|NL 

r- 

■  -  vum 

Input  Current 

l|N 

V|N  =  OVorVDD 

±1 

Input  Coding 

BINARY 

POWER  SUPPLIES 

-            .  •- 

Kositive  buppiy  current 
(Note  4) 

bo 

4 

Negative  Supply  Current 
(Note  4) 

'ss 

DUAL  SUPPLY  ONLY 

3 

•nAMAX 

NOTES: 

1.  Includes  Full  Scale  Error,  Relative  Accuracy,  and  Zero  Code  Error.  3.  VQQ-4volt5isthe  maximum  reference  voltagefprtheabovespeclflcatiohB. 

2.  '  All  dlce'iguarariteed  mOneSte'nlc'ov^rthe full  operating  temperature  range.  4.  Vj^  =  V|f^L  o""  Vi^h;  output  unloaded. 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not  guararitead 
for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing^    ■  ^  'i** 


PM-7224 


TmCAL  PEfffi^OmMM^  CHARACTERISTICS 
RELATIVE  ACCURAL  W  «^  -  '■  ^■p. 


DHTERENTIALNONUIffiiHirrt'^ ■' ■  'REUOTOEACCUBACY 


-0.2 

-a4 

-0.8 
-0.8 


1 

_  VSS--SV 

25°C 

V- 

- 

— +1SV 

1 

12V  V[,t,.*15V 


J  L 


1.00 
0.75 

a  0.50 

(0 

S  0.25 

1 

Vd1)-*5V 

«RBF  =  +" 
Ta=  +25°C 

C 

3  0 

U 

>  -0.25 

5 

g  -0^0 

-0,75 
-1  00 

2  H  96  ia  m  m  a 
namu.  INPUT  eeoE(Dce9iui!| 


RELATIVE  ACCURACY  vs  CODE 
AT  Ta  =  -SS'C,  +25''C,  +125"'C 
(ALL  SUPERIMPOSED) 


0.75 

0.50 


— I — r 

Voo  =  +1SV 

-Vss'-SV  - 
VBEf  -  '"V 


-0.25 
,-0.50 
-0.75 


075 
0.50 
OZ5 


TOTAL  UNADJUSTED  ERROR 
vs  CODE  AT  Ta  =  -SS-C,  +25°C, 
+125°C  (ALL  SUPERIMPOSED) 


VoD  =  ♦ISV 
-Vss  =  -SV  _ 
Vref  ■  *10V 


-0.2S 
-0.50 
'  -0L7S 


-1JM 


ii  H    M  'na  WO  in  iH 

'  DiaiDU.  IWVt  CODE  (DECIMM.) 


POSITIVE  SUPPLY 
CURRENT  (I  dd)vs 
LOGIC  LEVEL 


~n — T" 

T«  =  .as'c  _ 

Vdd  =  ♦ISV  _ 
VSSI--5V 
Vhef  =  -10V_ 


ZERO  CODE  ERROR 
vs  TEMPERATURE 


— I  1 — 

Vo„  =  fie.sv 

-VSS--5.5V 
V„F  =  .1Z5V 


POWER  SUPPLY  CURRENT 
vs  TEMPERATURE 


-OS 
-10 


0  25  so  75  100 
TEMPERATURE  (°C) 


Voo  .  mSV 

I  I       Vgg  =  -S.5V  _ 

W  =  *12.5V 

_l  I  

-75    -50     -25      0      25  50 


75     100  125 


Y3AfiU33A  S«TA J?  ©UTPUT  VOLTAGi'ltlQIM   J V! .  » (1 4^ 3  ^  t  iHCl 
Y  VS-  »ja»i'  -  DCNSITY  (e„)  w  FREQUENCY  „,,  BROADBAND  NOISeW'  ='V.  WTAJfH 


BURN-IN  CIRCUIT 


■1)0 


PARAMETER  DEFINITIONS 
TOTAL  UNADJUSTED  ERROR 

This  specification  Includes  Full-Scale-Error,  Relative  Accuracy, 
and  Zero-Code-Error.  Ideal  full  scale  output  Is  V^^f  —  1  LSB, 
and  1  LSB  is  V^ef  X  (2~")- 

DIGITAL  FEEDTHROUGH 

Digital  feedthrougli  are  the  switching  transients  coupled  to  the 
output  of  the  DAC  due  to  a  change  In  digital  input  code.  It  Is 
expressed  in  nano-Volt-seconds  and  measured  with  VnE^= OV. 

Refer  to  PM1 1986  Data  Book  Sectioni.14'fel»«EtdWional  di^Ital- 
to-analog  converter  definitions. 


GENERAL  aRCUIT  DESCRIPTION 

CONVERTER  SECTION 

The  PM-7224  contains  an  output  buffer  amplifier,  a  highly- 
stable,  thin-film,  R-2R  resistor  ladder  networl(,  8-blt  input  and 
DAC  registers,  and  Interface  control  logic.  Also  Included  are 
eight  single-pole  double-throw  NjM^  transistor  switches. 
These  transistors  were  designed  to  swteh  between  Vref  and 
AGND  and  are  controlled  by  the  digital  Input  code. 

A  simplified  circuit  of  the  R-2R  resistor  ladder  and  output  is 
illustrated  in  Figure  1.  The  ladder  is  shown  connected  to  the 
amplifier  in  the  voltage-mode  configuration.  The  advantages 
gained  in  operating  the  ladder  in  the  voltage  mode  are  two-fold: 
it  allows  the  DAC  to  tie  operated  with  a  single  supply,  and  the 
ladder  resistance/capacitance  modulation  encountered  In  the 
current  mode  configuration  are  eliminated.  The  modulation 
(caused  by  the  varying^digital  code)  Is  now  presented  to  the 
low^impedance  reference  voltage  source  (most  voltage  ref- 
erence output-impedances  are  low  eiiQii{||«  90  that  its  output 
voltage  will  not  be  affected  by  the  drying  digital  code).  The 


FIGURE  1:  Simplified  DAC  Circuit  Configuration.  (Switches  are 
shown  for  all  "1's"  on  the  digital  inputs.) 


eliminated.  Also,  digital  glitches  fed  through  the  switch  capaci- 
tance to  the  output  will  be  greatly  reduced;  It  wiN  beabsorbed 
by  the  low  oi^tpu|^|in/i§dance,pf  the  eternal  jef^frepc?  nesMlttng 
in  a  "cleaner"  output  voltage. 

Figure  1  also  shows  the  ampllfier).<tbnfigaciMl.it^op6(ii%4tt;ii 
pbuftar  amplifier  resultingin  no  signal  Imwfgion  troin  Input  to 
■■  output  (Vref  to  Vout)-  Also,  note  that  analog  ground  (AGND)  is 
I  accessible  and^an^e  bias^  above  dlgital^Fowid  (DGNO)  for 
'  some  applibatlon^more;.on  thiVin^the  applications  section 
!  under  AGNbTMSffifl^: —  I-  ^ 

For  proper  operation,  maximum  VRgj:  should  be  limited  to  V^o 
minus  4  volts.  This  means  that  in  order  to  operate  the  DAC  with 
+lOVatthe  reference  input  terminal,  Vdq  mustbsat  least +14Vi 

The  voltage  output  equation  is  given  by: 

Vout  =  VrefX  0^256 

where  b  is  ttiedigitai  input  code  integer  number  that  is  between 
0  and  255. 

BUFFER  AMPLIFIER  SECTION 

The  R-2R  resistor  ladder  network  has  a  typical  resistance  of 
10kn;  a  100kn  load  would  cause  a  23  LSB  gain  error  Therefore, 
in  order  to  drive  a  2kn  load,  the  R-2R  ladder  was  terminated 
with  a  stable  CMOS  buffer  amplifier  The  amplifier  can  drive  10 
volts  across  a  2kn  load  delivering  5mA,  and  can  easily  drive  a 
3300pF  capacitive  load.  The  PM-7224's  output  can  also  with- 
stand an  indefinite  short-circuit  to  AGND  to  typically  50mA. 
The  output  may  also  be  shorted  to  any  voltage  between  Vdq 
and  Vss;  however,  care  must  be  taken  to  not  exceed  the  device 
maximum  power  dissipation. 

The  amplifier's  output  stage  is  an  intrinsic  NPN  bipolar  tran- 
sistor It  is  derived  from  the  P~  well  and  the  substrate.  This 
transistor  provides  a  low-impedance  high-output  current  ca- 
pability using  only  a  small  part  of  the  chip  area.  The  emitter  of 
this  NPN  transistor  is  loaded  with  a  400mA  NMOS  current- 
source  referenced  to  Vgs.  This  current  is  sunk  into  the  negative 
supply  allowing  the  amplifier's  output  to  go  directly  to  ground. 

A  simplified  schematic  of  the  output  amplifier  is  shown  In 
Figure  2.  It  shows  the  current-source  connection  between  the 
NPN  output  transistor's  emitter  and  Vss.  Figure  3  depicts  a 
typical  plot  for  the  dual  and  single  supply  current  sink  capability 
of  the  DAC  versus  output  voltage.  Let's  take  a  closer  look  at 
what  happens  to  its  t>ehavior  by  referring  to  Figures  2  and  3. 

it  can  t>e  seen  that  with  dual  supplies  the  current-source  is  still 
in  its  high  impedance  (saturation)  state  when  the  output 
reaches  0  volts.  This  is  due  to  the  5  volts  (Vss)  across  the 
current-source  that  is  sinking  the  400/iamps.  When  Vss  =  0 
volts,  however,  the  current  sink  capability  is  reduced  as  the 
output  voltage  approaches  0  volts;  the  current-source  is  coming 
oi(b  of  its.  saturation  region  and  starts  appearing  leBistivei.  . 

Tnt^bm^lifier's  current-limiting  and  buffering  abilities  are 
idftlived  'wmi'  an'NMOSrtransistor  and  a  series  resistor,  see 


The  amplifier's  internal  gain  stages  were  designed  so  that  they 
maintain  sufficient  gain  over  its  common  mode  range;  this 
results  in  good  offset  ^rfbrmarvce  ovei;  the  spedfied  yoltagiB 
range.  In  addition,  the  amplifier's  offset  voAti^  is  laiBer-^rnmed 
«iur«ng  the  manufaaMns  prodW^mmMMlnates  dfftet  trliti- 
ffltng  by  theua«r  inmott  apjailicMMIMPlViAliinfrt^^ 
incrudbd  in nw  «aa'^«iMi!  aiMiir><1^iii«iHiipifaiMbr" 
specification.  ic^^^br>i'  lar.Kax.-f- 

nQURE  2:  Amplifier  Output  Stage    ;«'c^f  <       ,;  a?  ..R 
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DIGITAL  SECTION 

The  digital  inputs  are  CMOS  inverters.  They  were  designed  to 
convert  TTL  and  SV  CMOS  input  logic  levels  into  CMOS  levels 
to  drive  the  Internal  circuitry.  A  simple  internal  5V  regulator  is 
used  to  ensure  the  high  spc«d  timing  requirements. 


DIGITAL-TO-ANALOG  CONVERTERS  2-273 


'1 


The  PM-7224's  digital  inputs  are  TTL  and  CMOS  (5V)  com- 
patible between  the  Vpo  range  of  +1 1 .4V  to  +16.5V.  As  shown  in 
Figure4,  these  inputs  are  protected  from  electrostatic-discharge 
and  biiild-up  with  two  internal  distrlbuted-diodes;  they  are 
Spiiiinctcted  between  Vqd  and  DGND.  Eii0h  jnpUt  hqs^i'^loi^ 
j*§Ju](;I4Hffwitof  Iwsthan  1nA.   ,  ,i  • 

FiigurM^lso  shovis  the  equivalsnt  ^i«,i^eeuit  lor  the,digiM 
«|aia  inptrt  register  structur«»i>il^i6iii$ui|  «li^H«ijM||t)P#fi 
i«gi(^Ihe digital  (^rolsiijt  iWrt^Hgheiim  ^.'Ct>ntiili(Bi  Jwr 
the«iJafnalWR,andC$8isnai8.  .ncl<ft3<f!7eqe 

nGUK4:  Input RegMw^gMffl^,  .Oia  iilam,-  t.2« 
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INTERFACE  CONTROL  LOGIC  SECTION 

Figure  5  shows  the  PM-7224's  input  control  logic  structure  with 
its  input  register  and  DAG  register;  also  shown  is  the  equivalent 
logic  circuitry.  The  WR  signal  is  required  when  loading  data  into 
either  register  and  Is  used  In  conjunction  with  either  CS  or 
LDAC.  CS  loads  data  into  the  Input  register,  and  LDAC  loads 
data  into  the  DAC  register.  Data  is  latched  in  the  input  register 
lon  the  rising  edge  of  the  WR  pulse.  The  DAC'sanalog  output 
voltage  is  determined  by  the  data  contained  in  ttp  DAC  register, 
'See  Table  1. 

TABLE  1  i 


H 
H 
H 
H 
H 
H 
H 
L 

I 


I 


I  I        .  I  r  — !  t 


FUNCTION 


L'       L'  — '    L       Both  Reigisfers  are  Transparent 
X        H        X       Both  Registers  are  Latched 
H         X        H       Both  Registers  are  Latched 
H         L         L       Input  Register  Is  Transparent 
H        J~        L       Input  Register  Is  Latched  1 
L        L        H      DAC  Register  is  Transparent 

Lj  t  .1"   I  II,  (  ^AC  Register  is  Latched 

X~      X        X      Both  Registers  Loaded  with  all 
Zeros 

H        H        H       Both  Registers  Loaded  with  all 
Zeros  and  the  Output  Remains 
at  Zero 

L        L        L      Both  Registers  are  Transparent 
 (output  follow^  the  input) 

H  =  Higf\  Sttata;  L  =  Low  States  X  =  Don't  Care 

Table  1  shows  that  the  DAC  is  transparent  when  WR,  CS,  and 
LDAC  are  low,  and  the  Input  register  is  transparent  when  WR 
and  CS  only  are  low.  Also  shown  is  the  data  being  latched  into 
the  input  register  on  the  rising  edge  of  the  WR  signal. 


the  DAC  is  in  the  transparent  mode,  the  DAC  output  will  go  to  OV 
for  as  long  as  the  reset  line  remains  low.  If  the  DAC  is  In  the 
latched  mode,  the  output  will  go  toOV  (and  remain  there)  on  the 
rising  edge  of  the  reset  signal. 
VS^OiffS  SMm^P0^4  viHte  timing  diagram. 


&i.lnput-eontrat  Logi(:iqr.iB  ii\S>mc  ■'■?. 


INPUT  REGISTER 
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FIGURE  6:  Write  Timing  Diagram 
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NOTES: 

INPUT  SrGNAL  RISE  AND  FALL  TIMES  ARE  MEASURED  FROM       TO  9(K  OF  Vqi, 
In  »  V  -  20i»  oven  THE  Vdo  RANGE. 
MEASUR^ENT  REFERENCE  LEVEL  IS: 


APPLICATIONS  INFORMATION 
POWER  SUPPLY 

The  PM-7224  data  sheet  is  specified  with  a  dual  or  single  power 
supply  condition.  The  dual  supply  specifications  are  specified 
with  a  positive  supply  (Vdd)  range  of  -I-11.4V  to  -I-16.5V  and  a 
negative  supply  (Vgs)  of  — 5V.  The  specified  reference  voltage 
(Vref)  under  these  conditions  range  from  +2\l  to  Vdd  ~  ^V.  For 
those  i^lic»tions  reqt^rlng  -1-10  volts  at  the  output  (VFieF.= 
HrlOV},  V^D^tnui^  JMt  +14V.minimum  to  nrieet  d^  sipe);  limits.. 

The  specified  Vref  for  the  dingle  supply  specifications  te  -FIOV. 
Vfsp  voltage  lirnitf^pn  of  Vdd  ~  4V  for  dual  or  singlei power 
^[^pl3it  i||!giCj|Mai;i9  tnwW»  observed.  T^is  wiil:^i!tsur%j^l|j9 
PM-7^'s  multiplying  capabilities  are  preserved. 


I  the  PM-7224 

r  supply,  impi 

by  MMig  dual  supplias. 


Ugli^leor 


DYNAMIC  PERFORMANCE      ^         :  :  'Pt  ^ 

The  PM-7224's  settling  time  is  limited  by  the  internal  amplifier's 
^lew  rate;  however,  it  sports  an  impressive  settling  time  of  S/iS 
using  a  dual  or  single  power  supply.  Settling  time  is  not  ^ 
by  the  DAC's  output  voltage  polarity,  positive  or  ne 
PM-7224  also  has  minimum  signal  overshoot  or  ringing. 

AGND  BIASING 

Some  applications  may  require  a  DC  offset  voltage  level  at  the 
DAC's  output.  This  may  be  easily  accomplished  with  the 
PM-7224;  the  desired  DC  offset  voltage  can  be  applied  to  the 
AGND  pin  as  shown  in  Figure  7  The  DAC's  TTL/CMOS 
compatibility  Is  not  affected.  Note  that  Vqq  and!-^%;-«neiH9» 
referenced  to  DGND. 

{The  OACs  output  voltage  exprtssion  und6r  this  condWtM  Is: 

VouT  =  AGND  bias  +  V|n  X  D/256 

where  AGND  bias  is  the  voltage  level  above  DGND  and  D  Is  the 
digital  input  code  integer  number  that  is  between  0  and  2S5. 

FIGURE  7:  fiSNp  Bt^lr^  Scheme 


AGND  DGND 


MULTIPLYING  OPERATION 

The  PM-7224  has  good  multiplying  capabilities  if  the  reference 
input  signal  level  Is  l<ept  within  +2V  and  Vqd  —  4V,  with  V^d  of 
+16.5  V,  the  maximum  input  signal  level  is  -I-12.5V;  however,  it  is 
recommended  that  Vqd  =  +15V  ±5%  and  the  AC  voltage  swing 
between  +2V  and  V^d  —  4V.  The  signal  must  be  AC  coupled  and 
biased  up  with  a  voltage  divider  as  shown  in  Figure  8.  A  buffer 
amplifier  should  t>e  used  to  ensure  that  the  DAC's  Vpgp  impe- 
dance does  not  load  thewaisiBMivider,  R1  and  R2. 

FIGURE  8:  AC  Signal  InputScheme 


o 


 PM-7224  |- 

The  Vrep  small-signal  fr«c|tiMK!y  rsa^t^ise  (~3d#1)a«ilwHM>$ 
for  the  PM-7224  Is  typioilly  1.5MHz.  mmMS/tmtUmmSlO 

elistor«on  Is  loss  than  ~<-S7dB  at  1  k^«nd^'«i(lBit^^ 

+5V  SINGLE  SUPPLY  OPERATION 

Although  a  +5V  performance  specification  table  is  not  listed,  the 
PM-7224  can  operate  well  with  only  a  single  +5V  supply  (see 
Figure  9).  This  will  then  limit  the  reference  input  voltage  level  to  a 
maximuffl#iM$^  ttMf  %|W>4V  limi&rtion  must  still  bs@b|lM«ed. 

FIGURES:  Relative  Accuracy  With  Single +SV  Operation 
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DIQrrAL  INPUT  CODE  (DECIMAL) 


.  3.. 


GENERAL  GROUND  MANAGEMENT 

Digital  transient  voltages  between  AGND  and  DGND  can  appear 
as  noise  at  the  PM-7224's  output.  It  is,  therefore,  recommended 
that  AGND  and  DGND  be  tied  together  at  the  device  socl<et; 
each  ground  is  then  brought  out  separately  to  their  respective 
common  ground  points.  A  word  of  caution  is  worth  mentioning 
here:  ground  loops  can  be  created  if  both  grounds  are  tied 
together  at  more  than  one  location.  I.e.,  at  the  device  soci<et  and 
back  at  the  power  supplies,  or  at  any  other  location.  These 
ground  loops  can  cause  noisy  digital  ground  currents  to  flow 
through  the  analog  ground  paths  and  destroy  its  integrity. 
Analog  ground  should  be  maintained  as  a  high  quality  ground. 

If  system  requirements  dictate  the  use  of  one  common  return 
line  for  each  ground,  then  the  DAC  should  be  placed  as  close  to 
the  power  supplies  as  possible.  Also,  for  those  systems  that 
require  both  grounds  be  separated,  two  Schottky  diodes  should 
be  tied  in  inveij^p^l(«)^,|;)9tw^,A3INPi«E)^i 
device  socket. 

POWER  SUPPLY  DECOUPLING 

Power  supply  decoupling  capacitors  are  important  to  suppress 
oscillations  and  noise  transients  from  entering  the  system  and 
causing  system  errors.  Noise  transients  are  generated  from 
digital  switching  or  switching  power  supplies;  and  oscillations 
on  the  power  supply  lines  are  caused  by  lead  inductances 
combined  with  stray  capacitance.       • ,  ^l■-t-i'  .■'  «  i'.>'  " 

IHigh  and  low  frequency  decoupling  capacitors  at  the  device 
socket  Is  strongly  recommended;  a  0.01    ceramic  in  parallel 

-  "..>;■-■■  ■  -1         L  "Hi 


Figure  10  shows  the  PM-7224  configured  to  operate  in  the 
unipolar  mode;  the  analog  output  voltage  is  of  a  single  positive 
polarity  only.  Table  2  shows  the  code  for  this  mode  of  operation. 


6 

i      DATA  \ 


□B7  (MSB) 
DBO  (LSB) 


AONO  DGND 


TABLE  2:  Unipolar  Code  Table  (Refer  to  Figure  10) 


DAC  DATA  INPUT 
MSB  LSB 

ANALOG  OUTPUT 

1 

1111111 

+Vref 

(—) 
\256/ 

•V 

a  Q  0  0  0  0  1 

+Vref 

\256J 

•^''-l^' .  'T*":  

b''"o  0  0  0  0  : 

•-.1 

+Vref 

_+Vhef 
2; 

.<o 

:  1^  ft  ilAotSeillo  Iffirf  +Vref 

V256/ 

 UnuiJib 

u 

,fr . 

e»r  0"  0>  «  (>■  0  1 

+Vref 

,0 

0  0   0   0  0   0  0 

ov 

It  shows  no  signal  inversion  between  +Vrep  and  Vqut-  Also 
note  that  the  analog  output  voltage  is  equal  to  Vref  mUltipHI$d 
by  the  digital  input  code,  hence,  multiplying  DAC. 

The  expression  for  1  LSB  and  Vqut  is: 

1  LSB  =  Vref  X  2~',  or  Vref  X  1/256 

and 

Vout  =  VrefXD/256 
where  D  is  the  digital  input  integer  between  0  and  255. 
BIPOLAR  OPERATION 

Figure  11  illustrates  the  bipolar  mode  of  operation  for  the 
PM-7224.  This  mode  allows  the  output  voltage  to  swing  plus  or 
minus  and  is  determined  by  the  digital  input  code;  see  Table  3 
for  R1  =  R2.  This  configuration  requires  an  external  amplltiier 
and  two  resistors. 


£~27S  fHGITAL-TO-ANALOG  CONVERTERS 


•CU I        \  V  ■        ■   /        -  .  .^1  .  .   

Where  0  is  the  digital  input  code  integer  between  0  and  255.  If 
R1  =  R2,  then  Vqut  becomes:  ^ 

To  keep  gain  and  offeet  errors  at  a  minimutnt  RGMtd^isitloUldk 
be  matehed  tpd^t%«l1d  tmck  oiierffiwepaMiHpMqpetattiitt; 
range<ofinterasL,  '  .  >  Jucpuo  • 

FIGIifflB^fl:'  BifidlBrQiSiiniBon  :  orta  '  ■^^'^ 

Vmf  Vdd 

9  9 


TABLE  3: 

Bipolar  (Offset  Binary)  Code  Table  (Refer  to' 

Figure  11) 

DAC  DATA  INPUT 

MSB 

LSB 

HnHLUva  uu  1  ru  i 

1  1 

1 

1  1 

1    1  1 

+Vref 

(—) 
\128/ 

1  0 

0 

0  0 

0   0  1 

+Vref 

1  0 

0 

0  0 

0  0  0 

QV           -y  <i 

.4' 

ll! 

0  0 

0 

0  0 

0  0  1 

-Vref 

Vl28/ 

0  0 

0 

0  0 

0   0  0 

-Vref 

PROGRAMMABLE  OP  AMP  OFFSET  ADJUST 

The  PM-7224  can  be  used  for  op  amp  offset  trim  adjustments 
under  microprocessor  control.  Offsets  caused  by  temperature 
drifts  can  also  be  trimmed  by  the  microprocessor  during  a 
periodic  calibration  cycle. 

The  PM-7224  uses  the  input  offset  voltage  nulling  plhs  normally 
provided  on  most  amplifiers  as  shown  in  Figure  12.  A  fixed  bias 
current  Is  provided  to  pin  5  of  the  op  amps  ofj^  null  pin  with; 
!R2,  and  R1  (cofine^sd  to  the  DAl^  «oHiI6b  <i 
-provides-flie'Variable'aimnt  to-pin  t.-  


REV.  A 


PM-7224 


FIGURE  12:  Op  Amp  Offset  Adjust  (See  Text) 
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DBO  (LSB) 


AGNO  DGND 


For  a  plus  or  minus  (±)  offset  adjust  control,  the  current 
through  R1  must  equal  the  current  through  R2  when  the  PMf 
7224  is  at  half  scale,  binary  code  =  10000000. 

The  resistor  values  R1  and  R2  should  be  chosen  to  give  the 
required  offset  adjustment  range  desired.  Lower  values  provide 
a  larger  range;  however,  resolution  will  be  sacrificed.  Reversing 
the  op  amp  connections,  pin  1  and  5,  will  reverse  the  offset 
adjustment  direction. 

Some  op  amps  are  not  provided  with  offset  adjustment  pins.  In 
these  cases,  the  circuit  configuration  of  Figure  13  can  be  used. 
Again,  the  current  through  resistor  R4  must  equal  the  current 
through  R3  with  the  PM-7224  at  half  scale,  digital  code  = 
10000000.  With  the  circuit  components  shown,  the  maximum 
adjustment  range  is  MMi  MtMM  Bdjiatment  resaiution 
is  39/iV  per  bit. 

MICROPROCESSOR  INTERFACING 

Interfacing  the  PM-7224  to  a  microprocessor  is  simplified  by 
virtue  of  its  loading  structure  simplicity.  Data  from  the  processor 
is  loaded  into  the  DAC  by  use  of  only  two  control  lines,  the  write 
strobe  (WR)  and  chip  select  (CS).  The  data  Is  then  output  with 

FIGURE  13:  AII»Btttt»OHB^  A^  (See  Text) 


the  WR  and  LDAG  signal.  Figures  14  through  17  shdwISHI^ 
popular  microprocessor  interface  configurations. 

FIGURE  14:  PM-7224to  SOiSA  ln»r^(Onl^  digital  intei^face: 
portion  of  Flf^^^f^CMwn'Torc^rtty.)  > 
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FIGURE  15:  PM-7224  to  Z-80  Interface  (Only  digital  interface 
portion  of  PM-7224  shown  for  olar%^) 
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16:  PM-7224  to  6809  Interface  (Only  dlgital.^rtace 
'   portion  o(^PM[7j224  shown .sluig:' 


FIGURE  17:  PM-7224  to  68008  Microprocessor  (Only  digital 
interface  portion  of  PM-7224  shown  for  clarity.) 
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FEATURES 

Four  8-BH  DACs  with  Output  Amplifiara 
Separate  Reference  Input  for  Each  DAC 
|iiP  Compatible  with  Double-Buffered  Inputs 
Simultaneous  Update  of  All  Four  Outputs 
Operates  with  Single  or  Dual  Supplies 
Extended  Temperature  Range  Opeiallwi-  ^ 
No  User  Trims  Required 

Skinny  24-Pin  DIP,  SOIC  and  28-Termlnal  Surface 
Mount  Packages  " 
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GENERAL  DESCRIPTION 

'^nie  AD722S  contains  four  8-bit  voltage  output  digital-to-analog 
ccmverters,  with  output  buffer  amplifiers  and  interfiux  logic  on 
a  tingle  moitdiitliK  di^.  tMchp/A  oiw^c^^  has  a  sq^nil^ 
reference  input  tenninal.  No  enemil  trimil  ait  reqnired  tir  

achieve  full  specified  performance  for  the  part. 

The  double-buffered  interface  logic  consists  of  two  8-bit  registers 
per  charnieU-an  input  register  and  a  DAC  register.  Control  inputs 
AO  and  Al  determine  which  input  register  is  loaded  when  WK 
goes  low.  Only  the  data  held  in  the  DAC  registers  determine* 
the  analog  outputs  of  the  converters.  The  double-bufTering 
allows  Miniil^iM«;i«  ii|«Hm>  nf  ^ill  four  outputs  under  control  of 
LDAC.  AU  io^c  inputs  are  TTL  and  CMOS  (SV)  level  compatible 
and  the  control  log^  is  speed  eonpaMe  widi  most  g-bii 
microproceMOrS.  '  '         "  '■  •  " 

Specified  performance  is  guaranteed  for  input  reference  voltages 
from  +2V  to  +  12.5V  when  using  dual  supplies.  The  part  is 
also  specified  for  single  supply  operation  using  a  reference  of 
+  lOV.  Each  output  buffer  amplifier  is  capable  of  developing 
+  lOV  across  a  2kfl  load. 

The  AD722S  is  fabricated  on  an  all  ion-implanted  high-speed 
Linear  Compatible  CMOS  (LC^MOS)  process  which  has  been 
specifically  developed  to  integrate  high-speed  digital  logic  circuits 
and  piedsion  aaabig  dreoitty  on  the  same  chqi. 
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PRODUCT  HIGHLIGHTS 

1 .  DACs  and  Amplifiers  on  CMOS  Chip 

The  single-chip  design  of  four  8-bit  DACs  and  amplifiers 
allows  a  dramatic  reduction  in  board  space  requirements  and 
offers  increased  reliability  in  sjrstems  uang  multiple  converters. 
Its  pinout  is  aimed  at  iqitimizing  boaHi  layout  With  all  analog 
inpiiis  and  ou^uts  at  one  cndaof  the  padoge  and  all  di||W 
o^inputs  at  ibe  odier.  ' 

2.  $in^  or  Dual  Supply  Operation 

The  voltage-mode  configuration  of  the  AD7225  allows  single 
supply  operation.  The  part  can  also  be  operated  with  dual 
supplies  giving  enhanced  performance  for  some  parameters. 

3.  Versatile  Interface  hogtc 

The  AD722S  has  a  common  8-bit  data  bus  with  individual 
DAC  latches,  providing  a  versatile  control  architecture  for 
simple  interface  to  microprocessors.  The  double-buffoed 
interfiux  allows  simultaneous  update  of  the  fiHu;.aBqwt£ 

4.  Separate  Reference  Iiqnil  for  Each  DAC 

The  AD722S  offers  great  flexibility  in  dealing  with  input 
signals  with  a  sQMiste  tdference  input  provided  for  each 
DAC  and  each  ie£eienee  having  variable  input  voltage 
capability. 
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STATIC  PERFORMANCE 
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8 

±1 

±1/2 

±  I 

±1/2 

±5 

±15 

±20 

±30 


-»  

±2 

±1 

±1 

±1 

±5 

±25 

±30 


±1 

±1/2 

±  1 

±1/2 

±5 

±15 

±20 

±30 


Bits 

LSBmax 
LSBmax 


LSBmax 

LSB  max       '  M«»WWl  •»H^»« 

l>pm/%<ti»-<''*'W^iMn|lilii^'W^&V 

f  ^^^^  Iwifl  M  a!«»%  liHw  sMjO 


REFERENCE  INPUT 

VoltagcRange  2to(yt)D-4)  2to(VDD-4)  2tofV^-*)  2to(V,jD 

Input  Resistance  II  II  II  iP-  '' 

Input  Capacitance'  100  100  100  100 

Cliannel-to-ChannelIso|lti6n^  60  60  60  60 

ACFeedthrough'  -70  -70  -70  -70 


Occurs  when  each  D  AC  is  loaded  with  alll 's. 
Vref  =  lOVp-p  Sine  Wave®  lOkHz 
Vref  =  lOV  p-p  Sine  Wave  @  lOkHz 


DIGITAL  INPUTS 

Input  High  Voltage,  Vikh 

2.4 

2.4 

2.4 

2.4 

Vmin 

Input  Low  Voltage,  Vinl 

0.8 

0.8 

0.8 

0.8 

Input  Leakage  Current 

±1 

±1 

±1 

Vm-OVorVra, 

Input  Capacitance' 

8 

8 

8 

8 

Input  Coding 

,  ^ina^ 

Binary 

DYNAMIC  PERFORMANCE 

Voltage  Output  Slew  Rate'  2.S 
Voltage  Output  Settling  Time' 

Positive  Full  Scale  Change  5 

Negative  Full  Scale  Change  S 

Digital  Feedlhrough'  SO 

Digital  Crosstalk'  SO 

Miaimtim  Load  Resistance  2 


5 
5 

50 
50 
2 


2.S 

5 
5 

50 
50 


m 

5 

5 

SO 

SO 

2 


(jismax 

nV  sees  lyp 
nVsecstyp 
kflmin 


Vref  -  +  lOV;  Setding  Time  to  ±  1/2LSB 

Vref  =  +  lOV;  SettUng  Time  to  ±  1/2LSB 

Code  transition  all  O's  to  all  I's. 

Code  transition  all  O's  to  all  I's. 

Vqut  =  +  lOV   


POWER  SUPPLIES 
VobKaogc 
Idd 

.Iss  , 


U.4/I6.5 

10 

9 


11.4/16.5 

10 

9 


11.4/16.5 

12 

10 


11.4/16.5 

12 

10 


Vmii/Vma, 

mA  max 
mAmax 


For  Specified  Performance 

Outputs  Ujiloa^fjU  Vm = Vaa.pi  Vinh 


SWITCHING  CHARACTERISTICS'' 


@25°C 


@25X 
TmntoT™, 

@25X 
#25'^  . 

.Tmi,,t0T«io 


120 

6 
0 

1-';  tbrn^.:.  -  o 


(a2sx 

T™.toT„ 


:h'(^IO^-"^a*- 


95 
120 


95 

95 

95 

nsmin 

120 

150 

150 

nsmin 

0 

0 

nsmin 

0 

0 

0 

nsmin 

0 
0 

0 
0 

nsmin 
nsmin 

-m 

70 

namin 

90 

.  nsm^.. 

;;;*h-:t  flO 

10 

95'  ■■■ 

95 

95 

nsmiii 

120' 

150 

•  iso- 

iumin 

;■  ■  \  ■>! 

Write  Pulse  Width 
Address  to  Write  Setup  Time 
Address  to  Write  Hold  Time 
Data  Valid  toWiite  Setup  Time 


NOTES 

'Maximum  peuible  reference  volttge; 

'Temperature  fanges  are  u  foUowi: 
K,  L  Venion:  -UK  to  -flS'C 
B,  C  Veftinu:  -«rc  n  +8S°C 
T,  U  Veitiani:  -55"C  to  +  12S'C 

'Sample  Tested  at  IS'C  to  ensure  compliance. 

^Sivitcbjng  chafactnistici  apply  for  slivlc  and  di 

Specifications  subject  to  cbanie  witlioui  notice. 


1  supply  operation. 


Parameter 


K^B  L,C 

Vcirioiu'  Vcraioiu'  TVmioa  UVmioa  Unte  Conditioiii/CoiiimeiitB 


STATIC  PERFORMANCE 


8 

'8  'wii.j 
i.1  ',S\  Jrs  f  • 

'8 

8 

Bits 

1  ocBi  unaQiusica  error 

^2 

±2 

±  1 

LSBnm 

Di^cFCDtial  ^^onl  inca  nty  ^ 

I 

+ 1 

 =i  

LSBmtSki 

REFERENCE  INPUT 

 —  

Input  Resistance 

11 

11 

11 

11 

kn  min 

Input  Capacitance^ 

100 

100 

100 

100 

pFmax 

OcctmmlBt^h  DAC  is  loaded  wilh  all 

Channel'to-Chaimel  Isolation'** 

60 

60 

60 

60 

dBmin 

Vrct  =  lOVp^p  Sine  Wave  (&  lOkHz 

AC  Feed  through'** 

-70 

-70 

-70 

-70 

dBinaz 

Vref  -  lOVp-p  Sine  Wave©  lOkHz 

DIGITAL  INPUTS 

Input  High  Voltage,  ViNM 

2.4 

2.4 

2.4 

2.4 

V  min 

Input  Low  Voltage,  VnsiL 

0.8 

0.8 

0.8 

0.8 

Vmax 

Input  Leakage  Curmit 

±1 

±1 

±1 

±  1 

M-Amax 

V,N  =  OVorVDD 

Ihimt  Capadtance^^N  'rp/^  _  '  f 

8 

8 

S 

8 

bqmtCading        ■  >V'.-. 

•Binaiy 

,  Biliaxy 

Binaiy 

Binaiy  — 



— 

DYNAMIC  PERFORMANCE 
Volti^  Output  Slew  Ratc^ 

2 

2 

2  'oovn 

V/^smiD 

Voltage  Output  Settling  Time* 

- 

Positive  Full  Scale  Change 

5 

5 

5 

s 

fjis  max 

SelllingTime  lo  ±  1/2LSB 

Negative  Full  Scale  Change 

7 

7 

7 

7 

fi^max 

Settling  Time  to  ±  1/2LSB 

Digital  Feedthrough'** 

50 

50 

SO 

SO 

nVsecstyp 

CodetnuiaiuonallO'sloalll's.  '' 

Digital  Crosstalk'-* 

50 

50 

50 

So 

nVsccstyp 

Code  transition  all  0*8  to  all  Ts. 

Minimum  Load  Resistance  ^ 

2 

2 

2 

2 

kOmin 

VoOT=  +10V 

POWER  SUPPLIES 

Vdd  Range 

14.25/15.75 

14.25/15.75 

14.25/15.75 

14.25/15.75 

Vff^ilft/V  xgltO^ 

For  Spcci6ed  Perfonnance 

10 

10  ' 

Ml 

 ^  H4t 

maw 

mAiiin 

i/utpuis  uniosoeu}  Vn4=*  vinlof  Vuim 

SWITCHING  CHARACTERISTICS* 

11                                          WAV  Wl 

@25X  .«»««rw' 

9S 

95 

95 

95 

US  min 

Write Fnbell^"''  ^ 

T^ioT_„ 

m 

120 

ISO 

ISO 

ns  min 

•2 

(I 

@25°C 

0 

"  0 

0 

nsmin 

Address  to  Write  Setup  Time  ***** 

T„^toT„„ 

0 

0  IMttkMO 

!■  0 

0 

nsnun 

@25'C  • 

0  . 

0 

.  0 

AdtbaitoWriteHoldTinie  ' 

T^toT_'  .' 

U                ^    i    ':■   '  i 

or 

0 

?  1  i 

U-j  -J 

@25"C 

70 

70 

70 

79 

Data  Valid  to  Write  Setup  Time 

I,    ^'  .-.nL.... 

90 

@2S°C 

10 

10 

10 

10 

nsmin 

Data  Valid  to  Write  Hold  Time 

T,^toT„ 

10 

10 

10 

10 

nsmin 

ft 

@25'C 

95 

95 

95 

95 

nsmin 

Load  DAC  Pobe  Width 

120 

120 

150 

ISO 

nsmin 

NOTES 

'Maximum  possible  reference  voluge.  'Sample  Tested  at  25°C  to  ensure  compliance. 

'Temperature  ranges  are  as  follows:  *Swiicfaiog  characmislica  apply  for  aingte  and  dual  aupply  operation. 

K,L  Versions:  -WC  to  +85X:  SpodflGadonB  allbiea  ID  dBD|e  wilhaiit  nMct. 

B,C  Versions:  -«rc  to  tSS^C 


T,  U  VenkOK 

-S5-C  n  +  125*C 

ORDERING  GUTOE 

MndclV 

Tempaatme 

Total 

Unadjusted 
Enor 

Package 

Option^  Model' 

Temperature 
Range 

Total 

Unadjusted 
Error 

Package 
Option^ 

AD7225KN 
AD722SLN 
AD7225KP 
AD7225LP 
AD722SKR 
AD7225LR 

-WCvo  +iS°C 
-AHmvo  +  85°C 

-40°Cto  +  gS°C 
-40°C»+85°C 

±2LSB 
±1LSB 
±2LSB 
±1LSB 
±2LSB 
±1LSB 

N-24  AD722SBQ 
N-24  *  AD7225CQ 
P«28A!  :  AD7225TQ 
PJ»A>  -  AD7225UQ 
tl-24  AD7225TE 
R-24  Ar)f7225UE 

-40°Cto+85X 
-40°Cto+85X 
-55°Cto  +  125°C 
-55°Cto  +  125°C 
-5S°Cto  +  125°C 

-ss-cto  +  us-c 

±2LSB 
±1LSB 
±2LSB 
±1LSB 
±2LSB 
+  1LSB 

Q-24 

Q-24 

Q-24 

Q-24 

E-28A 

E-28A 

NOTES 

'To  order  MIL-STD-883  proctned  parts,  add  /883B  to  part  number.  =  Leadless  Ceramic  Chip  Carrier;  N  =  Plastic  DIP;  P  =  Plastic  Leaded 

Contact  yout  local  sales  office  for  militaiy  data  alwet^;        •  >> '.  -it-  ■      Oiip  Cai^j;iftjf.i9j><)giyv^.jj|j^.  paiipj^^^fjjggSil^  wjt^rtWW^? 
,1    ■      •    _  ,    -  '  -  '.i.'i  ,               :'i  '  v ly; 't-'  Infiif iiiatioit secMoa. 


AD7225 

ABSOLUTE MA3^^^|,|yi|ggfi^Jia« 'Vf  Industrial  (B,  C  Versoni)  t      s»«  .»,  ^.  -40°Cto+85°C 

Vdd  to  AGND   .  .  .  .          ......  „  ,  .  .  -0.3V,  +  17V  Extended  (T,  U  Vw^*!  1-  M  -.Jt  -YJ^'  -55°C  to  +  125°C 

Vdd  to  DGND                     .  .  ,  ■  .  .  .  .  .  ■  -0.3V,  +  17V  Storage  Temperature   ...!'.  .  J.  ,  .  ^  ._,^65°C  to  +  150°C 

VddIo  Vss  ,-  -  ,  ,  .  -6.3V,  +24V      Lead  Temperature  (Soldering,  lOsecs)"   +300°C 

AGND  to  DGND      ...^^ag ■  .mm,  ■  »  •  «e-0.3V,  Vdd  NOTES 

Digital  Input  Volti^WflBi^ftP    .  ,  .  ,  ,  ,  ,  «     -0.3V,  Vdd  'Outputs  may  be  shorted  to  any  voltage  in  the  range  Vss  to  Vdd  provided 

Vref  to  AGND                                                          —0.3V,  Vdd  '^^^        power  dissipation  of  the  package  is  not  exceeded.  Typical  short 

Vfrt  Af^Mr\l                                                            \T      \T  circuitcurrentforashorttoAGNDorVssisSOmA. 

OUT  to  AGNU    Vss,  Vdd 

Power  Dissipation  (Any  Package)  to  +75°C  .  .  .  ,  .    SOOmW  'Stress  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause  permanent 

Derates  above  yS^C  by    «  ^  i,  »     2-^0aet^^  damage  to  the  device.  This  is  a  stress  rating  only  and  functional  operation  of  the  dtvice 

Operating  Temperature  It  at  these  or  any  other  condidon  above  those  indicated  in  the  operational  sections  of 

 -I        T  XT  r,'      \  Anxtr^  *     .  ocor>  specification  isntit  implied.  Exposure  to  absolute  maximum  rating  conditions 

Commercial  (K,  L  Versions)   -40  C  to +85  C  f6reMendcdperiiris*«iy.ffectdevfce«i!kbilit);:^  "^^^^^^^^^^ 

(QACTKMfr  -  — ^  '-  -  ^_  .  .  "'-   "' 

iilD  (jdectldseEatic  discharge)  sensitive  device.  The  digital  control  inputs  are  dio<|e,  protect- 
ed; however,  pemlanent  damage  ma^,  o^ur  on  unco^ected  devices  subject  to  h^  energy 
elKtrostatic  fields,  ;yiiused.  defaces  mistvlK  stored  m  conductive  foam  or  shunts.  The  protective 
fiiam  sh«>uld  be  discharged  to  the  deistisMdlJhisocket  before  devices  are  removed. 


ESD  SENSITIVE  DEVICE 


WARNING! 


PIN  coil 


E 
E 
E 
.E 


DIP  and  S  OIC 


AGND  [T 
DGND  [~r 
LDAC  [T 
(MSB)  D67  [T 
□86  [1^ 
DBS 
DB4 


2*]  VoUTC 
VouTl> 

"22]  Vdd 
21]  ,  V„E« 

"iTl  A0< 

je]  DBOILSBI  LDAC  10 

Ts]  DBl  (MSB)  DB7  11 

I3]  DBS 


AGND  7 

nim  Nc  8 

'bCND  9 


mmao 

■:uTian 


AD7225 
TOP  VIEW 
(Not  to  Seals) 


lallHlbJyHLiJbiJ 
s  i  s  s  s 


23]  AO 
^  .NO 

2o|  WR 
19]  DBOILS 


TERMINOLOGY 

TOTAL  UNADJUSTED  ERROR 

Total  Unadjusted  Error  is  a  comprehensive  specification 
which  includes  full  scale  error,  relative  accuracy,  and  zero 
code  error.  Maximum  output  voltage  is  Vref  -  ILSB  (ideal), 
where  1  LSB  (ideal)  is  Vref/256.  The  LSB  size  will  vary 
over  the  Vref  range.  Hence  the  zero  code  error  will,  relative 
to  the  LSB  size,  increase  as  Vref  decreases.  Accordingly,  the 
total  imadjusted  error,  which  includes  the  zero  code  error, 
will  also  vary  in  terms  of  LSB's  over  the  Vref  range.  As  a 
result,  total  unadjusted  error  is  specified  for  a  fixed  reference 
voltage  of  +  lOV. 

RELATIVE  ACCURACY 

Relative  Accuracy  or  end-point  nonlinearity  is  a  measure  of 
the  maximum  deviation  from  a  straight  Une  passing  through 
the  end-points  of  the  DAG  transfer  function.  It  is  measured 
after  allowing  for  zero  code  error  and  full  scale  error  and  is 
normally  expressed  in  LSB's  or  as  a  percentage  of  full  scale 
reading. 

DIFFERENTIAL  NOI«LINEARITY  ' 

Differential  Nonlinearity  is  the  difference  between  the 
measured  change  and  the  ideal  ILSB  change  between  any 
twfr  adjacent  codes.  A  specified  differential  nonlinearity  of 


lUOCQNNEGT    Q    Q  Q 

±  ILSB  max  over'ihe  operating  Smperatare  range  daiw® 
monotonicity. 

DIGITAL  FEEDTHROUGH 

Digital  Feedthrough  is  the  gUtch  impulse  transferred  to  the 
output  of  the  DAC  due  to  a  change  in  its  digital  input  code. 
It  is  specified  in  nV  sees  and  is  measured  at  Vref  =  OV. 
DIGITAL  CROSSTALK 

Digital  Crosstalk  is  xb^  gliteh  impulse  transferred  to  the 
output  of  one  converter  (not  addressed)  due  to  a  change  in 
t^  djptal  input  code  to  another  addressed  converter.  It  is 
spedfied  in  nV  sees  and  is  measured  at.  Vref  =  OV. 
AC  FEEDTHROUGH 

AC  Feedthrough  is  the  proportion  of  reference  input  signal 
which  appears  at  the  output  of  a  converter  when  that  DAC  is 
loaded  with  all  O's. 

CHANNEL-TO-CHANNEL  ISOLATION 

Channel-to-channel  isolation  is  the  proportion  of  input  signal 
from  the  reference  of  one  DAC  (loaded  with  all  I's)  which 
appears  at  the  output  of  one  of  the  other  three  DACs  (loaded 
with  all  O's).  The  figure  given  is  the  worst  case 
other  outputs  and  is  expressed  as  a  ratio  in  dBs. 

FULL  SCALE  ERROR 
Full  Scale  Error  is  defined  as:..  . ' 

j$fesgiM('''M9w-Wftfisde'EiTOr  -  Meal  Value 


Typical  Performance  Characteristics— AD7225 


J  L-]>.,L 


Figure  1.  Channel-to-Channel  Matching 


Figure  3.  Differential  Non linearity  vs.  l/« 
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Figure  4.  Power  Supply  Cuiwmvs.  Temperature 
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Figure  ST  Zsro  Code  £rror  i-s.  Temperature 


Figure  6.  Broadband  A/o/se 
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D/A  SECnON 

The  AD722S  contains  four,  identkii,  8-bit  voltige-mode  digilal-to- 
inalog  converters.  Each  D/A  converter  has  a  separate  reference 
input.  The  outinit  voltages  &am  the  converters  have  the  same 
polarity  as  the  tefiorence  voltages,  allowing  ang)e  siqifdy  operation. 
A  novel  DAC  switch  pair  arrangement  on  the  AD722S  allows  a 
reference  voltage  range  from  +2V  to  +  12.5V  on  eadi^£^RniK 
input. 

Each  DAC  consists  of  a  highly  stable,  thin-film,  R-2R  ladder 
and  eight  high-speed  NMOS,  single-pole,  double-throw  switches. 
The  simplified  circuit  diagram  for  channel  A  is  shown  in 
I^ire  7.  Note  that  AGND  (Pin  6)  is  common  to  all  four 
DftCs*  p 


SHOWN  Foil  ALL  1*8  ON  DAC 


figure  7.  D/A  Simplified  Circuit  megrartf 

The  input  impedance  at  any  of  the  reference  inputs  is  code 
dependent  and  can  vary  from  llkH  minimiim  to  infinity.  The 
lowest  input  impedance  at  any  reference  input  occurs  when  that 
DAC  is  loaded  with  the  digital  code  01010101.  Therefore,  it  is 
important  that  the  reference  presents  a  low  output  impedance 
under  changing  load  conditions.  The  nodal  capacitance  at  the 
reference  terminals  is  t&Kmiier4KfMimt.  and  typically  vuin 
from  ISpF  to  35pF.  '  

Each  Voirr  piu  can  be  considered  as  a  '^'C*tfyij"fB''f """***** 
voltage  source  with  an  output  voltage  of: 

VoUTX  =  Dx  •  Vrefx 

where  Dx  is  fractional  representation  of  the  digilil 
inpnt  code  and  can  vary  from  0  to  2SS/2S6. 

The  ouput  ImjiBlmit.  is  that  of  die  oatptu  bnfier  untiWfiit:. 
OP'AAff  SECTION 

Each  voltage  mode  D/A  converter  output  is  buffered  by  a  unity 
gain  noninvertrog  CMOS  amplifier.  This  buffer  amplifier  is 
capable  of  developing  +  lOV  across  a  2kn  load  and  can  drive 
capacitive  loads  of  3300pF. 

The  AD722S  can  be  operated  single  or  dual  supply;  operating 
with  dual  supplies  results  in  enhanced  performance  in  some 
parameters  which  caimot  be  achieved  with  single  supply  operation. 
In  single  supply  operation  (Vss  =  OV  =  AGND)  the  sink  capability 
of  the  amplifier,  which  is  normally  400|lA,  is  reduced  as  the 
output  voluge  nears  AGND.  The  full  sink  capability  of  400)lA 
is  maintained  over  the  fiill  output  voltage  range  by  tying  Vss  to 
-  SV.  This  is  indicated  in  Figure  8. 

Settling-time  for  negative-going  output  signals  approaching 
AGND  is  similarly  affected  by  Vss-  Negative-going  settling-time 
for  single  supply  aiie|ntio^^  Jan^er  than  for  dual  nvply  operation. 


1 
j 


1 

-5V 

c 

=  OV 

Vm.=  + 
Ta  =  25*< 

J. 


■A 


mgureS.  Variation    Ismc  ^^mr 


Additionally,  the  neg^ve  Vss  give*  iiMxe 
ouqmt  aoqilifiers  whidi  resnlls  in  better 
and  improved  slew-rate  at  die  ouQmt,  than 
die  sin^  supply  mode. 


ibeabomedlin 


DIGITAL  SECTION 

The  AD722S  digital  inpnts  are  compatible  with  either  TTL  or 
SV  CMOS  levels.  All  logic  inputs  are  sutic-protected  MOS 
gates  with  typical  input  currents  of  less  than  InA.  Internal 
input  protection  is  achieved  by  an  on-chip  distributed  diode 
between  DGND  and  each  MOS  gate.  To  minimize  power  supply 
currents,  it  is  recommended  that  the  digital  input  voltages  be 
driven  as  close  to  the  supply  rails  (Vdd  and  DGND)  as  practically 
postiUe.  I  ) 

INTERFACE  LOGIC  INFORMATION 

The  AD7225  contains  two  registers  per  DAC,  an  input  register 
and  a  DAC  register.  Address  lines  AO  and  Al  select  which 
input  register  will  accept  data  from  the  input  port.  When  the 
WK  signal  is  LOW,  the  input  latches  of  the  selected  DAC  are 
transparent.  The  daa  is  latched  into  the  addressed  input  register 
on  the  rising  edge  of  WR.  Table  I  shows  the  addressing  for  the 
input  registers  on  the  AD722S. 

Only  the  data  held  in  the  DAC  register  determines  the  analog 
output  of  the  converter.  The  LDAC  signal  is  common  to  all 
four  DACs  and  controls  the  transfer  of  information  from  the 
input  registers  to  the  DAC  registers.  Data  is  latched  into  all 
four  DAC  registers  simultaneously  on  the  rising  edge  of  LDAC. 
The  LDAC  signal  is  level  triggered  and  therefore  the  DAC 
icgwten  may  bejmade  tranqiarent  by  ^ing  LDAC  LOW  (in 


Al 

AO 

Selected  Input  Register 

L 

L 

DAC  A  Input  Register 

L 

H 
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flift  case  the  onqmts  of  the  converter  will  respond  to  the  data 
held  in  their  respective  iiqnit  latches).  LDAC  is  in  asynchronous 
signal  md  is  indqteradelit  (tf  WR.  This  is  usefUl'  in  numy  appU- 
calieaSi  ERMicmri  ia  sjmeiitt  WhcM  the  aqnchraaoDS  LDAC 
can  occur  daring  it  wriwcjrde  (or  vice  vem)  cafe  most  be  taken 
to  ensure  that  incorrect  data  is  not  latched  through  to  the  M^at.' 
In  other  words,  if  LDAG  is  activated  prior  to  the  riang  edge  c^- 
WR  (or  WR  loocuirs  dUiriiSg€iDAC9,  then  liDA&mast'sli^  'Uifa 

LOW  for  t<s  or  knger  after goes  HIGH  to  ensure  oonea  

data  ia  laldied  diron^  to  die  output.  Table  II  shows  the  tmih 
table  for  AD722S  opeiatiao.  F«nre  9  shMw  Ae>i^ntcM<tCH 


k«ic  for  the  part  and  lUte  n^  ^(icte 

P^ureW.   — — * 

{ 1 1 1  1  ( )  1 

Function 


a. 


No  Operation.  Device  not  selected 

Input  Register  of  Selected  DAC  Transparent 

Input  Register  of  Selected  DAC  Latched 

All  Four  DAC  Registers  Transparent      i  (  0 

(i.e.  Outputs  respond  to  data  held  in 

respective  input  registers)  j  ^   0  0  0  0 

Input  Registers  are  Latched 

All  Four  DAC  Registers  Latched 

DAC  Registers  and  Selected  Input  Register 

Transparent 

Output  follows  Input  Data  for  Selected  Channel. 
Table  II.  AD7229  Truth  Table 
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NOTES  { 
t.  ALL  INPUT  SIGNAL  RISE  AND  FAU  TMES-  ^  - 
MEASURED  FROM  10%  TO  90%  of 


4iNG  MEASUREMENT  REFERENCE 




3.  IF  CDACIS  ACTIVATED  PRIOR  TO  THE  RISING  EQjiE  OF  Wfi  THEN      i  «i 
IT  MUST  STAY  LOW  FOR  t«  OR  LONGER  AFTER  WR  GOES  HIGH. 


Figure  10.  Write  Cycle  Timing  Diagrank. 


GROUND  MANAGEMENT  AND  LAYOUT 
Since  the  AD722S  contains  four  refEcence  n{>[Hts  which  can  bf: 
driven  from  ac  sources  (see  AC  REEJ^BIiCE>SKH>IAL  sectiaa). 
careiiil  layout  and  grounding  is  impwtant  to  minimize  analog 
crosstalk  between  the  four  channels.  The  dynamic  performance 
of  the  four  DAC^  depends  upon  th;  o^^um  choice  of  board 
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Figure  1 1.  Channel-to-Channel  Isolation 


T  ^■I'^"'  SYSTEM 

<  /-  GND 

'  PIN  1  f 

U  Vo^B  o  O-  '7^' 


Figure  12.  Suggested  PCB  Layout  for  AD722S.  Layout 
Shows  Component  Side  (Top  View) 

layout.  Figure  11  shows  the  relationship  between  input  frequency 
and  channel-to-channel  isolation.  Figure  12  shows  a  printed 
circuit  board  layout  which  is  aimed  at  minimiTing  crosstalk  and 
feedthrough.  The  four  input  signals  are  screened  by  AGND. 
Vmzf  was  limited  to  between  2V  and  3.24V  to  avmd  slew  rate 
'BlwftlM&:iMffi^iti  ■i^iu  die  ouqmt  ampttfiw  <ii]riiig  ] 


supply  voltage.  This  voltage  differential  is  the  overhead  voltage 

required  by  the  output  amplifiers. 

The  AD7225  is  specified  to  operate  over  a  Vdd  range  from 
+  12V  ±5%  to  +  15V  ±  10%  (i.e.,  from  +  11.4V  to  +  16.5V) 
with  a  Vss  of  -  5V  ±  10%.  Operation  is  also  specified  for  a 
sin^  +  ISV  ±5%  Vdd  supidy.  Applying  a  Vss  of  -  SV  fcnidil 


Performance  is  specified  over  a  wide  range  of  reference  voltages 
from  2V  to  (Vdd  -  4V)  with  dual  supplies.  This  allows  a  range 
of  standard  reference  generators  to  be  used  such  as  the  AD580, 
a  +2.5V  bandgap  reference  and  the  AD584,  a  precision  +  lOV 
reference.  Note  that  an  output  voltage  range  of  OV  to  +  lOV 
reqniies  a  nominal  +  ISV  ±5%  power  supply  voltage. 


UNIPOLAR  OUTPUT  OPERATION 

This  is  the  basic  mode  of  operation  for  each  chaimel  of  the 
AD7225,  with  the  output  voltage  having  the  same  positive  polarity 
as  Vref-  The  AD7225  can  be  operated  single  supply  (Vss  = 
AGND)  or  with  positive/negative  suppUes  (see  op-amp  section 
which  outlines  the  advantages  of  having  negative  Vss).  Connections 
for  the  unipolar  output  operation  are  shown  in  Figure  13.  The 
voltage  at  any  of  the  reference  inputs  must  never  be  negative 
with  respect  to  DGND.  Failure  to  observe  this  precaution  may 
canse  parasitic  tnoastnr  action  and  possible  device  destruction. 
The  code  taUe  fat  mupolaT  ouqmt  operation  is  shown  in 
T*le-I^:    -        --'j^  ^ 

V„,  A     V„,  B      V„,  C     V,„D  Voo 


DAC  Latch  ContenU 
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figure  13.  Unipolar  Output  Circuit 
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BIPOLAR  OUTPUT  OPERATION 

Each  of  the  DACs  of  the  AD7225  can  be  individually  configured 
to  provide  bipolar  output  operation.  This  is  possible  using  one 
external  amplifier  and  two  resistors  per  channel.  Figiue  14 
shows  a  circuit  used  to  implement  offset  binary  coding  (bipolar 
operation)  with  DAC  A  of  the  AD722S.  In  this  case 


With  Rl  :f  R2 


VoUT  =  (2Da  -  1)  •  V; 


REF 


where  Da  is  a  fractional  representation  of  the 
digital  word  in  latch  A.  (0  «  Da  s  255/256) 

Mismatch  between  Rl  and  R2  causes  gain  and  offset  errors  and, 
therefore,  these  resistors  must  match  and  track  over  temperature. 
Once  again  the  AD7225  can  be  operated  in  single  supply  or 
from  positive/negative  supplies.  Table  IV  shows  the  digital  code 
versus  output  voltage  relationship  for  the  circuit  of  Figure  14 
widi  Rl  =  R2. 
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fgure  14.  AD7225  Bipolar.  Output  Circuit 
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voliiges  of  ill  the  DACs  in  the  AD722S.  Note  that  Vm>  and 
Vss  of  the  AD722S  should  be  leferenced  to  DGND. 

,  AC  REFERENCE  ^GNAL  ' 
In  some  applications  it  nuqr  be  detinble^to  liave  ac  teCecence 
signals.  The^722S  has  n^ij^^Bng  ovaUliQF  aldin  tte 
(ViH>  -  4V)  and  kmer  (2^0  B^iatietoaee  «Bll«Be  D^m 
operattd  mth  dual  supplies.  ThereCsfc  ac  signals  need  to  be  ac 
coupled  and  Inased  up  befoie  being  applied  to  the  reference 
inputs.  Figure  16  shows  a  sine  wave  signal  applied  to  Vref  A. 
For  input  signal  frequencies  up  to  SOkHz  the  output  distortion 
Uy  remains  less  than  0.1%.  The  Qrpical  3dB  bandlridiA 
:  for  small  signal  inputs  tei 
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Table  IV.  Bipolar  (Offset  Binary)  Code  Table 
AGND  BIAS 

The  AD7225  AGND  pin  can  be  biased  above  system  GND 
(AD7225  DGND)  to  provide  an  offset  "zero"  analog  output 
voltage  level.  Figure  15  shows  a  circuit  configuration  to  achieve 
this  for  channel  A  of  the  AD7225.  The  output  voltage,  Votrr  A, 
can  be  expressed  as: 

VouT  A  =  Vbias  +  Da  (Vin) 

where  Da  is  a  fractioilal  iepi«se!lltation  of  the  digital  word 

in  DAC  latch  A.  (0  «  Da  s  255/256). 

For  a  given  Vm,  increasing  AGND  above  system  GND  will 
reduce  the  effective  Vdd-Vref  which  must  be  at  least  4V  to 
ensure  q>ecified  operatian.  Note  that  becaoae  the  AGND  pin  is 
common  to  all  foiu  DACa,  this  method  Unes  up  the  output 


Figure  16.  Applying  an  AC  Signal  to  the  AD7225 
APPLICATIONS 

PROGRAMMABLE  TRANSVERSAL  FILTER 

A  discrete-time  filter  may  be  described  by  either  multiplication 
in  the  frequency  domain  or  convolution  in  the  time  domain  i.e. 

Y{0))  =  H(a.)X(o))    or    y„  =  X  hkX.-k^i 

The  convolution  sum  may  be  implemented  using  the  special 
structure  known  as  the  transversal  filter  (Figure  17).  Basically, 
it  consists  of  an  N-stage  delay  line  with  N  taps  weighted  by  N 
coefBdents,  the  resulting  products  being  accumulated  to  form 
the  output.  The  tap  weights  or  coefBdents  hk  are  actually  the 
non-zero  element  of  the  impulse  resptmse  aod  therrfore  deteonine 
the  filter  transfer  fimction.  A  particidar  filter  fiequency  iespanse 
is  realized  by  setting  the  coeffidents  to  the  appropriate  values. 
This  property  leads  to  the  implementation  of  transversal  filters 
whose  frequency  response  is  programmable. 


Figure  IS.  AG^  Bies  Ctreuft 


Figure  17.  Transversal  Filter 
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A  4-tap  programmable  transversal  filter  may  be  implemented 
using  the  AD7225  (Figure  18).  The  input  signal  is  first  sampled 
and  converted  to  allow  the  tapped  delay  line  function  to  be 
provided  by  the  Am29520.  The  multiplication  of  delayed  input 
samples  by  fixed,  programmable  tap  weights  is  accomplished  by 
the  AD722S,  the  four  coefficients  or  reference  inputs  being  set 
by  the  digital  codes  stored  in  the  AD7226.  The  resultant  products 
are  accumulated  to  yield  the  convolution  sum  output  sample 
which  is  held  by  the  AD585. 

Low  pass,  bandpass  and  highpass  filters  may  be  synthesized 
using  this  arrangement.  The  particular  tap  weights  needed  for 
any  desired  transfer  function  may  be  obtained  using  the  standard 
Remez  Exchange  Algorithm.  Figure  19  shows  the  theoretical 
low  pass  frequency  response  produced  by  a  4-tap  transversal 
filter  with  the  coefficients  indicated.  Although  the  theoretical 
prediction  does  not  take  into  account  the  quantization  of  the 
input  samples  and  the  truncation  of  the  coefficients,  nevertheless, 
there  exists  a  good  correlation  with  the  actual  performance  of 
^  truisvnraal  filter  (Figwre  20). 
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Figure  19.  Predicted  (Theoretical)  Response 
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AD7226  CODES: 

h,  IDAC  A]  =  00011110 
h;  (DAC  Bl  =  01101011 
h,  (DAC  01  =  01101011 
h,  (DAC  □)  =  OOOtllM 
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Figure  20.  Actual  Response 
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DIGITAL  WOSD  MULUFUCATION 
Snoe  eadi  DAC  of  the  AD^Klitt  a  tqiarite  ic£eKnoe  ininit, 
the  output  of  one  DAC  can  lie  used  as  the  reference  input  for 
anodier.  This  means  that  multiplication  of  digitBl  woids  can  be 
perfomwd  (with  the  result  ^en  in  analog  form).  For  example, 
if  the  output  fim  J9ACA  is  applied  to  Vrbf  B  then  the  output 
from  DA(S,  VdSQ^  B^  can  be  expressed  as: 

VouT  B  =  Da  •  Db  •  Vref  A 

where  Da  and  Db  are  the  fractional  representations  of  the 
digital  words  in  DAC  latches  A  and  B  reflectively. 

If  Da  =  Db  =  D  then  the  result  is  D^  ■  Vref  A 

In  this  manner,  the  four  DACs  can  be  used  on  their  own  or  in 
oaajunctiaa  with  an  external  summing  amplifier  to  generate 
compkx  waveforms.  Figure  21  shows  one  such  application.  In 
this  case  the  output  waveform,  Y,  is  represented  by: 

Y  =  -(x^  +  21^  +  3x2  +  2x  +  4)  ■  Vdj 
where  x  is  the  digiult  ende  ^Mhlii  it  iqiplied  to  all 
four  DAC  iMKAet. 


■OIGITM.  IN^tS  OMIITW  FqMWm» 


fwgumM,  ^m^M  Waveform  Generatim 


MICROPROCESSOR  tNTSRFACE 


ADDRESS  BUS 


LDAC 

AD7225* 


AOORESSnMTA  BUS 


•UiEMI  CmCUTKV  OMfTTEO  FOR  CLAfOTV 


Figure  22.  >41%^  «g«S»lii^ 
Buffered  ModH 


Figure  23.  AD722S  to  6809/6502  Interface,  Singlmm^emg 
Mode 


□ 


to  AC 

AD7225* 


•LINEAR  CIRCUmty  OMITTED  VOR  CLARITY 


ADDRESS  BUS 


•LINEAR  CIRCUITRV  OMITTED  FOR  CLARITY 


Figure  24.  AD7225  to  Z-80  interface  Doubie-Buffered  Figure  25.  AD7225  to  68008  Interface,  Single-Buffered 

Mode 


Opattdag  tlie  AD722S  from  dual  supplies- results  in  enhanced 
pecfonmmce  over  single  supply  operation  on  a  number  of  pa- 
rameters as  previously  outline.  Some  applications  may  re^i;^ 
tUs  pnhancrd  performance,  Wmay  only  have  a  raigle  palt^i 
supply  rail  available.  The  dicuit  of  Figure  26  shows  a  method 
of  generating  a  negative  voltage  using  one  CIM049,  operated 
fiom  a  Vdd  of  +  ISV.  Two  inverters  of  the  hex  inverter  chip 
are  used  as  an  oscillator.  The  other  four  inverters  are  in  parallel 
and  used  as  buffers  for  higher  output  current.  The  square-wave 
output  is  level  translated  to  a  negative-going  signal,  then  rectified 
and  filtered.  The  circuit  configuration  shown  will  provide  an 
output  voltage  of  -  S.  IV  for  current  loadings  in  the  range  O.SmA 
to  9mA.  This  wiU  «^|^  liie.AI>72^  %feanKeBiM''ov) 
oommescid  open^^^l 
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FEATURES 

Four  8-Bit  DACs  with  Output  Amplifiers 
SIcinny  20-Pin  DIP,  SOIC  and  20-Tarmlnal 

Surface  Mount  Packages        '  " 
Microprocessor  Compatibla 

TTUCMOS  Compatibto  

No  User  Trims 


Extended  Temperature  Range 
Single  Supply  Operation  Possibia 

APPUqATIONS 

Automatle  Teat  &|uipment 
Automatic  Calibration  of  Urge  System 
Aigi.  Gatai/OlhM 


GENERAL  DESdUPTTON 

The  AD7226  contains  four  8-bit  voluge-output  digital-to-analog 
converters,  with  output  buffer  amplifiers  and  interface  logic  on 
a  single  monolithic  chip.  No  external  trims  are  requited  to 
achieve  full  specified  performance  for  the  part. 

Separate  on-chip  latches  are  provided  for  each  of  the  four  D/A 
converters.  Data  is  transferred  into  one  of  these  data  latches 
through  a  common  8-bit  TTL/CMOS  (5V)  compatible  input 
port.  Control  inputs  AO  and  Al  determine  which  DAC  js  loaded 
when  WR  goes  low.  The  contmlligkk  tpeedrGoil^Ajfe  W> 
most  8-bit  microprocessors. 

Each  D/A  cravmer  includes  an  output  buffer  ampIifief^Bi|iifl>le 
of  driving  up  to  SmA  of  output  cunent.  The  amplifiers'  (tftos 
are  laser-trimmed  during  manuftctme,  thecdiy  rfimiiuting  any 
requirement  for  o£&et  nulling. 

Specified  performance  is  guaranteed  for  input  re&ience  voluges 
firom  -f-lVto  +12.SV  with  dual  supplies.  ThepartisalsoqifS^ed 
for  single  supply  operation  at  a  reference  of  +  lOV.  ... 

The  AD7226  is  fabricated  in  an  all  ion-implanted  high  speed 
Linear  Compatible  CMOS  (LC^MOS)  process  which  has  beai 
^edficaUy  develcq>ed  to  allow  hi^  speed  digital  logic  circuits 
md  precision  anateg  drcnits  to  be  integrated  on  the  same  chip. 


FUNCTIONAL  BLOCK  DIAGRAM 


PRODUCT  mOHLIGHTS 

1.  DAC-to-DAC  Matching 

Since  all  four  DACs  are  fabricated  on  the  same  chip  at  the 
same  time,  precise  malchiiig  airf  tm^^^  pi^^i&t'p^Ca 
is  inherent. 

2.  Single  Supply  Operadon 

The  voltage  mode  configuration  of  the  DACs  allows  die' ' 
AD7226  to  be  operated  from  a  sin^  power 

3.  Microprocessor  Compatibility 

The  AD7226  has  a  common  8-bit  data  bus  with  individual 
DAC  latches,  providing  a  versatile  coottot  architecture  foi 
simple  interface  to  micnpiDoessars.  AU  btch  enable  signals 
are  level  triggered. 

4.  Small  Size 

Combining  four  DACs  and  four  op-amps  plus  interface  logic 
into  20-pin  DIP  or  SOIC  or  a  20-tenninal  sur&ce  mount 
paekqe  allows  a  dramatic  reduction  in  board  space  tequise- 
menta  andt^as  increased  reliability  in  systems  using  multiple 
converters.  Its  pinout  is  aimed  at  t^timi^iiv  board  layoQti 
with  all  the  analog  inputs  and  ouQnits  at  one  end  of  ^ 
package  and  all  the  digital  ii^ts  at  the  odiejc. 


AD7226- SPECIFICATIONS 

n  I  o  .  (Vn  =  11.4V  to  1&5V;  Vjs  =  -5V  ±10%;  AGND 
Dual  supply  M  spadlicalians  Tm  to  W  unless 


OGND  =  OV;  V„  =  » to  (Vh  -4V)'  unless  oltienMse  statod. 
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TdtilUiui^ustedBrrar 
Rdatire  Acciincy 
Differential  Nonlinearity 
Full  Scale  Error 

Full  Scale  TemperatuR  CoeEBcient 
ZeroCodeErroT 
Zero  Code  Error  TcimiciiitME 

REFERENCE  INPUT 
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pFmin  Occurs  when  each  DAC  loaded  with  all  O's. 

pFmax  OccurswheneachDACIoadedwithalll's. 


DIGITAL  INPUTS 
Input  High  Voltage,  Vinh 

Vmin 

Input  Low  Voltage,  Vinl 

0.8 

Vmax 

Input  Leakage  Current 

±1 

(xAmax 

VDj  =  OVorVDD 

Input  Capacitance  ^jj,^ 

pFnaz 

Input  Coding 

1. —  -  Buiaj:3[ 

DYNAMIC  PERFORMANCE 
Voltage  Output  Slew  Rate* 
Voltage  Output  Settling  Time* 
Positive  Full  Scale  Change 
Negative  Full  Scale  Chmge  . 
Digital  Crosstalk 
Minimum  Load  Resistanoi 
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V/(jismin 

p.s  max 
(jLsmax 
nVsecstyp 
kHmin 


Vbef=  +10V;SettlingTimeto±l/2LSft'.' 
ViiEF~  +10V;SetdiDgTimet»±l/2L^ 


POWER  SUPPLIES 
Idd 


11 


Vmin/Vmax 
mAmax 


For  Specified  Performance 

Outputs  Unloaded;^^gj  =  Woa,  or  Vinh. 


SWITCHING  CHARACTERISTICS^ 

•1               .  -        --'to  adT  .woi  -.• 

Address  to  Write  Setup  Time,  Ias 

•  Li-' 

@25°C 

TminIoTmax 

Address  to  Write  Hold  Time,  tAH 

@25"C 

10 

;  t 

nsmin 

TjuNtoTMAX 

10 

nsmin 

Dau  Valid  to  Write  Setup  Time,  tos 

@25°C 

90 

nsmin 

TminIoTmax 

100 

nsmin 

Data  VaUd  to  Write  Hold  Time,  ton 

@25°C 

10 

nsmin 

TminIoTmax 

10 

nsmin 

Write  Pulse  Widths  twR 

@25''C 

150 

nsmin 

TmiNtoTMAx 

200 

memin 

NOTES 

^Mtxjmiim  poniblc  igfrieiKe  voltage, 
^empcfanin  ranges  are  as  follows: 

KVenioii:  -40°Cto+85°C 

BVenkm:  -4(«;to+85°C 

T  Vcnion:  -  S5°C  to  +  125°C 
Hjnarameed  by  design.  Not  production  tested. 
^Sample  Tested  at  25X1  to  ensure  compliance. 
'Swilcliing  Cbanctexistks  apply  for  both  single 
Spedficnksis  subject  to  cbaiife  oitbout  notice. 


Single  Sipllf  ah' 


(Vh  =  +15y  ±  5%;  Vk  =  MNO  =  D6ND  =  OV;  +1W* 
Tmw  to  Tmx  unless  otherwise  noted.) 


Panmeter 

K,  B,  TVeraloii»* 

ConditioiM/Couimeiitt 

STATIC  PERFORMANCE 

'  H. 

Resolution                        '  , 

8 

Bits 

t 

Total  Unadjusted  Error               ^ , ,  ^ 

±2 

LSBmax 

■  'A 

Differential  Nonlinearity               Vc  3  1 

±1 

LSBmax 

Guaranteed  Monotonic 

REFERENCE  INPUT                         '  ■  ' 

Input  Resistance 

2 

kHmin 

Input  Capacitance^ 

6S 

pFtnin 

Occiurs  when  each  DAC  loaded  with  all  O's. 

300 

pFmax 

Occenv4ieneadiDACloidedwi&aU  I's. 

niniTAI  TMPTTX5 

Input  High  Voltage,  Vnsm 

">  A                    I..   '  .  t  ' 

Input  Low  Voltage,  ViNL              '  i 

Vmax 

Input  L>ealcage  Ciurent 

.1  .r^^lffAiit  vsSbi&'mirH  Till 

VtKi  =  OVorVr.r> 

'  IN      V  T  wi  T  DO 

Input  Capacitance 

8 

pFmax 

Input  Coding 

Binaiy 

DYNAMIC  PERFORMANCE 

Voltage  Output  Slew  Rate* 

2 

V/fismin 

•  - 

Voltage  Output  Settling  Time* 

Positive  Full  Scale  Change 

5 

fjLsmax 

Settling  Time  to  ±  1/2LSB 

N^ffaHvp  Full  Srsip  r^hflfifff. 

20 

LLS  uloX 

Setrlincr  Timp  In  +1/71  SR 

Digital  Crosstalk                            '   :  . 

nVsecstyp 

Minimum  Load  Resistance          v  ^  ^  . 

2     . , 

kninin 

VouT  =  +  lOV 

Vdd  Range 

14. t;  rn  i";.?? 

V.MIK  V  '•!'  >: 

For  Specified  Performance 

Idd 

mA  max 

Outputs  Unloaded;  ViN  =  ViNLorViNH 

NOTES 

'Mayimnm  possible  reference  voltage. 

^enqienture  ranges  are  as  foUowB^-r  t -i  tfbo  /  cynX — 

a«i#V  ttnousM 

KVerakn:  -WCto+SSt 

BVenion:  -40°Cto+85°C 

T  Version:  -55°C  to  +  125°C 

^Guaranteed  by  design.  Not  production  tested. 

*Samnk  Tested  at  2SX^  to  ensure  oonmlianoe. 

'Switching  Cliancteristics  apply  for  bodi  sin|^  and  dud  ai^ply  operation. 

Specifications  subject  to  change  without  notice. 

monMiisixiiAOO  hk 

ABSOLUTE  MAXIMUMRATINGS* 


Vdd  to  AGND  -0.3V,  +  17V 

Vdd  to  DGND  -0.3V,  +  17V 

VsstoAGND   -TV.Vto 

VsstoDGND   -TV.  Vdd 

VddIoVss  -0.3V,  +24Vr- 

AGND  to  DGND  -  -0.3V,  Vdd 

Digital  Input  Voltage  to  DGND    ....    -0.3V-,  Vdd  +0.3V 

VREFtoAGND   -0.3V,  Vdd 

VourtoAGND'    Vss,  Vdd 

Power  Dissipation  (Any  Package)  to.J-75°C  ^  .  .  .  .  SOOmW 

Derates  above  75°C  by  ?  2:teW/X 

Operating  Temperature 

Commehcal  (K  Vonon)   -40°C  to  +fS^  ^ 


Indnsiiul  (fi  Version)    ...   -40°C  to  +gS°C 

•    Extended  (T  Verdon)   -55°Cto  +125°C 

« Storage  Temperature  -65°Cto  +150°C 

.^JLi^Temperatare  (Soldering,  iOiciS}   +300°C 

NOTES 

'Outputs  may  be  shoned  to  AGND  provided  that  the  power  dissipation  of  the 
package  is  not  exceeded .  Typically  short  circuit  current  to  AGND  is  60mA. 

^Stresses  above  those  listed  umkr  "Absolute  Maximum  Ratings**  may 
cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and 
functional  operation  of  the  device  at  these  or  any  other  conditions  above 
those  indicated  in  the  operational  sections  of  this  specification  is  not 
^tfBei.  Bipmm  m  ahaoh^  naiimiim  rating  cod^lion|^  for  ntwnrtfd 
^  i^riadaniayafiieadevicsidiabffi&.  '  - 


ESD  (electrosutic  discharge)  sensitive  device.  The  digital  control  inputs  ate  diode  protect- 
ed; however,  pemtanent  damage  may  occur  ih>  unomnected  devices  subject  to  higb  energy 
electnMtatic  fidds.  Unused  devises  must  be  stored  in  conductive  foam  or  sbunts.  The  protective 
foam  dionld  be  discharged  to  the  destination  socket  brfore  devices  are  removed. 
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ORDERING  GUIDE 


not  JhQ  irMt  imlv 


Total 
.  UdB^DSted 
Error 

TempentiKe 

Range 

Package 

Option' 

AD7226KN 

-40°Cto  +85°C 

±2LSB 

N-20 

AD7226KP 

-40°Cto+85°C 

+  2LSB 

P-20A 

■.u.ii.  •,:.»••  L:-  AD7226KR 

-40°Cto  +85°C 

+  2LSB 

R-20  _^  . 

AD7226BQ 

-40°Cto  +85°C 

±2LSB 

Q-20 

AD7226TQ 

-55°Cto  +125°C 

±2LSB 

Q-20 

,            .  AD7226TE 

-55°Cto  +125°C 

±2LSB 

E-20A 

r 


NOTES 

'To  order  MIL-STD-883,  Class  B  processed  parts,  add  /883B  to  part  number. 
Contact  your  local  sales  office  for  military  data  sheet.  For  U.S.  Standard 
MiUtary  Drawing  (SMD),  see  DESC  dnwii«  #5962-87802. 
=  Leadless  Ceramic  Chip  Carrier;  N  =  FlMticJDQ^l^'^ 

Chip  Carrier;  Q  =  Cerdip;R  =  SOI^f    "  ^   "  "  ' 
Package  Information  section. 


I'ERMINOLOGY 


TOTAL  UNADJUSTED  ERROR 

This  is  a  comprehensive  specification  which  includes  full-scale 
error,  relative  accuracy  and  zero  code  error.  Maximiun  output 
voltage  is  Vref  - 1  LSB  (ideal),  where  1  LSB  (ideal)  is  Viief/256. 
The  LSB  size  will  vary  over  the  Vref  range.  Hence  the  zero 
code  error  will,  relative  to  the  LSB  size,  increase  as  Vref  decreases. 
Accordingly,  the  total  unadjusted  error,  which  includes  the  zero 
code  error,  will  also  vary  in  terms  of  LSB's  over  the  Vref  range. 
As  a  result,  total  imadituted  error  is  specified  for  a  fixed  reference 
voltage  of  +  lOV. 

RELATIVE  ACCURACY 

Relative  Accuracy  or  end-point  nonlinearity,  is  a  measure  of  the 
maximimi  deviation  from  a  straight  line  passing  through  the 
end-points  of  the  DAG  transfer  function.  It  is  measured  after 
allowing  for  zero  and  full-scale  error  and  is  normally  ) 
in  LSB's  or  as  a  percentage  of  fiill-scale  reading. 


8 


DIFFERENTIAL  NONLINEARITY 

Differential  Nonlinearity  is  the  difference  between  the  measured 
change  and  the  ideal  ILSB  change  between  any  two  adjacent 
codes.  A  specified  differential  nonlinearity  of  ±  ILSB  max  over 
the  operating  temperature  range  ensures  monotonicity. 

DIGITAL  CROSSTALK 

The  glitch  impulse  transferred  to  the  output  of  one  converter 
due  to  a  change  in  the  digital  input  code  to  another  of  d>e  con- 
verters. It  is  specified  in  nV  sees  and  is  measured  at  Vrbf^OV. 

FULL-SCALE  ERROR 

FuU-Scale  Error  is  defined  as: 

iicMWisdi  Valne  «&*»®»de  Error  -  Ideal  Value. 


DIP,  soic 


PH  ^NFIGURATIONS 
LCCC 


PLCC 


VoutB  [7 

2o]  VoutC 

VoutA  (T 

iTj  VootD 

V„  [7 

v-E 

TTj  AO 

V„,  4 

usm  ^ 

AD7226 

A6ND  5 

DGNO  fT 

TOP  VIEW 
(Not  to  Scala) 

30  ^ 

DSND  < 

7IMSBI  1^ 

u1  DBOILSW 

;JM7IMSBI  7 

DBS  ^ 

^  D81 

DH  8 

DBS  [T 

^  DB2 

■     i.x.'.  i*-  .'. 

-       -Mt>i  ?(. 

1    <  ■  a  'o 

1 J  Ji  J 


.9   10  11   12  13 


s  i  o  s  s 


iaj  ¥„ 

it]*' 

jej  Ai 
is]  vm 

ja]  DflOtLSBI 


i.-_.»Uj. 


2-294  DIGITAL-TO-ANALOG  CONVERTERS 


REV.  A 


CIRCUIT  INFORMATION 
D/A  SECTION 

The  AiD7226  contains  foui,  id^tical,  8-bit,  voltage-mode  digital- 
to-analog  converters.  Tlie  dotfiDt  voltages  from  the  converters 
have  the  same  polarity  as  the  reference  voltage  allowing  single 
supply  operation.  A  novel  DAC  switch  pair  arrangement  on  the 
AD7226  allows  a  reference  voltage  range  from  +2V  to  +  12.5V. 

Each  DAC  consists  of  a  highly  stable,  thin-film,  R-2R  ladder 
and  eight  high  speed  NMOS,  single-pole,  double-throw  switches. 
The  simplified  circuit  dii^^ram  for  one  chmnKiV  b  shown  in 
Figuiel.  Npte  '*10iliill^S^ii')  Tflfl  i^T^  (pm  S)  are  comsKHi 
to  all  four  DACsJ 


v«,o- 


SHOWN  FORALLVSON  DAC 

Figure  1.  D/A  Simplified  Circuit  Diagram 

The  input  impedance  at  the  Vref  pin  of  the  AD7226  is  the 
parallel  combination  of  the  four  individual  DAC  reference  input 
impedances.  It  is  code  dependent  and  can  vary  from  2kCl  to 
infinity.  The  lowest  input  impedance  (i.e.,  2kfl)  occurs  when  all 
four  DACs  are  loaded  with  the  digital  code  01010101.  Therefore, 
it  is  important  that  the  reference  presents  a  low  output  impedance 
under  changing  load  conditions.  The  nodal  capacitance  at  the 
reference  terminal  is  also  code  dependent  and  typically  varies 
from  lOOpF  to  250pF. 

Each  VouT  pin  can  be  considered  as  a  digitally  i^ogrammable 
vtdtage  source  with  an  outiMit  voltage  of: 

VotJTX  =  Dx  Vref 

where  Dx  is  a  fractional  representation  of  the  digital 
input  code  and  can  vary  from  0  to  23S/2S6. 

The  source  impedance  is  the  output  resistance  of  the  bufEer 


amplifier. 


OP-AMP  SECTION 

Each  voltage-mode  D/A  converter  output  is  buffered  by  a  unity 
gain,  noninvertiiig  CMOS  amplifier.  This  buffer  amplifier  is 
capable  of  developing  +  lOV  across  a  2k(l  load  and  can  drive 
cqndtive  loads  of  3300pF.  The  output  stage  of  this  amplifier 
consists  of  a  bipolar  transistor  from  the  Vdd  hne  and  a  current 
load  to  Vs$,  the  negative  supply  for  the  output  amplifiers.  This 
output  sta^e  is  shown  in  Figure  2. 


 AD7226 

The  NPN  transistor  supplies  the  required  output  current  drive 

(up  to  5mA).  The  current  load  consists  of  NMOS  transistors 

which  normally  act  as  a  constant  current  si^  of  400(iA  to  VsSj 

giving  each  output  a  cun!dfK^1Mv^|^^^^SB|M^^^^'''^)^ 
400plA  if  required.  "«t- '      'inr',!i      ,  .r-*  ns.-. 

The  AD7226  can  be  operated  single  jn^i^Acdiul supply  retulting 
in  differem.p^niiaD(«  in^seiQie  paeafamJI^SiSl^JaS^.:  u 
implifios.  mf.-^rr' 
In  single  supply  operation  (Vss=OV  =  AGND),  with  the  output 
approaching  AGND  (i.e.,  digital  code  approaching  all  O's)  the 
current  load  csms  to  act  if  a  "'"n**  "Tf*^  Pr'"Vyr*lB''aSf  w 
a  resistive  load  ol  appmaimatEly  21(1)%  ASlWi  tbh  0eam  m 
the  NMOS  transistors  come  out  of  saturation.  This  means  dm, 
in  single  supply  operation,  the  sink  capability  of  the  ampl^trs 
is  reduced  when  the  output  voltage  is  at  or  near  AGNO^^ 
typical  plot  of  the  variation  of  current  sink  capacity  i 
1  in  Figure  3. 


-5V 

=  OV 

f 

Vdo=  + 

15V 

J 

t 


Figures.  VanStionoflsuK^^thJ^ur 

If  the  fiill  sink  capabiUty  is  required  with  output  voltages  at  or 
near  AGND  (=0V),  then  Vss  can  be  brought  below  OV  by  5V 
and  thereby  maintain  the  400mA  current  sink  miodicated  in 
Figure  3.  Biasing  Vss  below  OV  also  gives  additional  headnwm 
in  the  ou^ut  ampiiSer  «dueb  allows  for  bet^^rao  cede  error 
performance  on  eadt  output.  Also  improved  is  the  slew-rate  and 
the  negative-going  settling-time  of  the  amplifiers-fdiscussed 
later).  «" 

Each  amplifier  offset  is  laser  trimmed  during  manufacture  to 
diminate  any  requirement  for  offset  nulling. 

DIGITAL  SECTION 

The  digital  inputs  of  the  AD7226  are  both  TTL  and  CMOS 
(5V)  compatible  fiom  Vdd  =  +  11-4V  to  +  16.5V.  All  l<«ic 
inputs  are  static  pce(eeied>MOS4 
of  less  than  InA.  Intemal  input  ] 
chip  distributed  diode  from  DGND  to  each  MOS  gate.  To 
minimize  power  supply  currents,  it  is  recommended  that  the 
d^i^^^^vg^^^^^^M  dose  to  the  supply  tails  (Smi 
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INTERFACE  LOGIC  INFORMATION 

Address  lines  AO  and  Al  select  which  DAC  will  accept  data 
from  the  input  port.  Table  I  shows  the  selection  table  for  the 
four  DACs  with  Figure  4  showing  the  input  control  logic.  When 
the  WR  signal  is  LOW,  the  input  latches  of  the  selected  DAC 
are  transparent  and  its  output  responds  to  activity  on  the  data 
bus.  The  data  is  latched  into  the  addressed  DAC  latch  on  the 
rising  edge  of  WR.  While  WR  is  high  the  analog  outputs  remain 

latches. 


AD7226  Control  Inputs 
WR       Al  AO 

AD7226 
Operation 

H  X 

X 

No  Operation 
Device  Not  Selected 

,;!£IiTi.,  -:  . 

L 
L 

DAC  A  Tratisparent 
DACALatdifed 

L  L 
JF  L 

H 

DAC  B  Transimait  '  ; 

H 

DAC  B  Latched 

L         H  ' 
_f~  H 

L 

DAC  C  Transparent 

L 

DAC  C  Latched 

L  H 

jT  h 

H 

DAC  D  Transparent 

H 

DAC  D  Latched 

-|  Jo  TOLATCHO 


Figure  4.  Input  Control  Logic 

h — ^ — jsy 


As_lA_ 


V — 


NOTES 

1.  ALL  INPUT  SIGNAL  RISE  AND  FALL  TIMES 
MEASUREO  FROM  10%  TO  90%  ol  Voo- 
t,  a  tt  >=  20ns  OVER  Vm>  RANGE 
r'l'..  IUA>  I  L  jmilO  MTMUICmillT  IMHIMIIJ.  LEKai 


LOW.  THUS  iinnuiD.ig 


Figure 


Diagramny^  bot 


Typical  Performance  Characteristics 

(T,=2rC,»B=+lW.¥a=-5»  '  v>  - 


=  +10 

V 

lit 
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*** 

Figure  6.  Cttannel-to-Channel  Matching 


Figtire  ?.  ikelative  Accum^^^^MSF 
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TEMPERATURE  -  'C 

Figure  9.  Zero  Code  Error  vs.  Temperature 

SPECIFICATION  RANGES  ' 

In  wder  for  the  DACs  to  operate  to  their  specifications,  the 
refioence  voltage  must  be  at  least  4V  below  the  Vdd  power 
su{^ly  voltage.  This  voltage  differential  is  required  for  eotiea 
generatidn  of  bias  voltages  for  the  DAC  switches.  ' 

The  AD7226  is  specified  to  operate  over  a  Vdd  range  from 
+  12V  ±  5%  to  +  15V  ±  10%  (i.e. ,  from  1 1 .4V  to  +  16.5V) 
with  a  Vss  of  —  5V  ±  10%.  Operation  is  also  specified  for  a 
single  +  15V  ±  5%  Vdd  supply.  Applying  a  Vss  of  -  5V  results 
in  improved  zero  code  error,  improved  output  sink  capability 
with  outputs  near  AGND,  and  improved  negative-going  settling- 
tims. 

Performance  is  specified  over  a  wide  range  of  reference  voltages 
from  2V  to  (Vdd  -4V)  with  dual  supplies.  This  allows  a  range 
of  standard  reference  generators  to  be  used  such  as  the  AD580, 
a  +2.5V  bandgap  reference  and  the  AD584,  a  precision  +  lOV 
reference.  Note  that  in  order  to  achieve  an  output  voltage  range 


of  OV  to  +  lOV,  a  nominal  +  ISV  ±  5%  power  supply  voltage  is 
required  by  the  AD7226. 

SETTLING  TIME 

The  output  stage  of  the  buffer  amplifiers  consists  of  a  bipolar 
NPN  transistor  from  the  Vdd  line  and  a  constant  current  load 
to  Vss-  Vss  is  the  negative  power  supply  for  the  output  buffer 
amplifiers.  As  mentioned  in  the  op-amp  section,  in  single  supply 
operation  the  NMOS  transistor  will  come  out  of  saturation  as 
the  output  voltage  iqppioacbet  AGND  and  will  act  as  a  lesiftjive 
load  of  approziniatiely  2kXl  to  AGND.  As  a  renilt,  die  settling-lune 
for  negative-going  signals  approaching  AGND  in  single  suiq^ 
operatiDn  will  be  longer  than  for  dual  sup^y  i^^eration  whoie 
eoitent  load  of  40G)juA  is  nwintainedjtf  doiR 
Positive-going  settling^te»&4i^  %  V^. 

The  settling-time  for  the  AD7226  is  limited  by  the  slew-rate  of 
the  output  buffer  amplifiers.  This  can  be  seen  firom  Figure  10 
which  shows  the  dynamic  response  for  the  AD7226  for  a  full 
scale  change.  Figures  Ua  and  lib  show  expanded  settling-time 
photographs  with  the  output  waveforms  derived  from  a  differn^al 
input  to  an  oscilloscope.  Figure  11a  ^ows  the  settling-time  for 
a  positive-going  step  and  Figure  11^.  sIiotcs  the^^attling^teilsr 
a  negative-going  output  step.  .  a 

GROUND  MANAGEMENT       '  .  -W  " 

AC  or  transient  voltages  between  A(iND  and  DGND  can  cause 
noise  at  the  analog  output.  This  is  especially  true  in  microprocessor 
systems  where  digital  noise  is  prevalent.  The  simplest  method  of 
ensuring  that  voltages  at  AGND  and  DGND  are  equal  is  to  tie 
AGND  and  DGND  together  at  the  AD7226.  In  more  cranplcs 
systems  where  the  AGND  and  DGND  intertie  is  on  the  baclqdaie> 
it  is  recommended  that  two  diodes  be  connected  in  invese 
parallel  between  the  AD7226  AGND  i 
or  equivalent). 


Sr. ' 


I  r !  I 
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Figure  10.  D^riamic  Response  (Vss  =  -  5V) 


Figure  niim^m^i^e^f^til&»0mm  (Vss  =  -SV) 


FIgum  lib.  'kegatH^Step  Seaiing-TWk  flf^  =  ^ 


Applying  the  AD722r 


Unipolar  Output  Operation 

This  is  the  basic  mode  of  operation  for  each  channel  of  the 
AD7226,  with  the  output  voltages  having  the  same  positive 
polarity  as  +  Vref.  The  AD7226  can  be  operated  single  supply 
(Vss  =  AGND)  or  with  positive/negative  supplies  (see  op-amp 
section  which  outlines  the  advantages  of  having  negative  Vss)- 
The  code  table  for  unipolar  output  operation  is  shown  in  Table 
11.  Note  that  the  voltage  at  Vref  must  never  be  negative  with 
respect  to  DGND  in  order  to  prevent  parasitic  transistor  turn-on. 
Connections  for  the  unipolar  output  operation  are  shown  in 
Figure  12.  '        .  .  .  • 
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Figure  12.  Unipolar  Output  Circuit 


BAC  Latch  Contents 


%  I  11  1111 

1 1)  0  0  e  .Q  o  t 

1090  0  0  09 

»iii  nil 
mm  0001 

0000  0000 


Analog  Output 


(A) 


ov 


Note:  ILSB  =  (Vrhf)(2"')  =  Vref(  ^  ) 

Table  II.  Urtipolar  Code  Table  ' 
Bipolar  Output  Operation 

Each  of  the  DACs  of  the  AD7226  can  be  individually  configured 
to  provide  bipolar  output  operation.  This  is  possible  using  one 
external  amphfier  and  two  resistors  per  channel.  Figure  13 
shows  a  circuit  used  to  implement  offset  binary  coding  (bipolar 
operation)  Mxb  DAG  A  of  ^  AD7226.  In  this  case 


"WifhRl  =  R2 


(2Da  -D- Vref 

donal  repre| 
of  the  digital  woFd'WlM£|rA;i 


where      is  a  firactio^  repre^entatiot^ 


Mismatch  between  Rl  and  R2  causes  gain  and  offset  errors  and 
therefore  these  resistors  must  match  and  track  over  temperature. 
Once  again  the  AD7226  can  be  operated  in  single  supply  or 
from  positive/negative  supplies.  Talde  III  shows  the  digital  code 
versus  output  voltage  relationshij 
with  Rl  =  R2. 


R1,  nZ  a  IQUt 


Figure  13.  AD7226  Bipolar  Output  Circuit 
Analog  Output 


DAC  Latch  Contents 
MSB  LSB 


1111  1111 

1000  000  1 

10  0  0  0  0  0  0 

0  111  1111 

0000  000  1 

0000  0000 


+  VRBF(l5g) 

ov 

-VRBF(llg) 

-V  (1^) 


Tablelll.  Bipolar  (Offset  Binary)  CSMTlUlto 
AGND  BIAS 

The  AD7226  AGND  pin  can  be  biased  above  system  GND 
(AD7226  DGND)  to  provide  an  offset  "zero"  analog  output 
voltage  level.  Figure  14  shows  a  circuit  configuration  to  achieve 
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for  channel  A  of  the  ^t?!^.  ^The  dntpnit  V^ICM^  ^Qimb 
be  expressed  as:     . 


this 

can  be  expressed 
VouT*     Vbias  +  Da  (Vn.,) 

where  Da  is  •  fineriea^i^raesentation  of  the  digital  input 
word  («>a»i)^l  ' 

For  a  given  Vin>  increasing  AGND  above  system  GND  will 
reduce  die  ^ective  Vdet-Vref  which  must  be  at  least  4V  to 
ensure  specified  (^xratunuNofe  that  because  the  AGND  pin  is 
common  to  all  four  DACs,  this  method  biases  up  the  output 
voltages  of  all  the  DACs  in  the  AD7226.  Note  that  Vqd  and 
Vss  for  the  AD7226  should  be  referenced  to  DGND. 

3-PHASE  SINE  WAVE 

The  circuit  of  Figure  15  shows  an  application  of  the  AD7226  in 
the  generation  of  3-phase  sine  waves  which  can  be  used  to  control 
small  3-phase  motors.  The  proper  codes  for  synthesising  a  full 
sine  wave  are  stored  in  EPROM,  with  the  required  phase-shift 
of  120°  between  the  three  D/A  converter  outputs  being  generated 
in  software. 

Data  is  loaded  into  the  three  D/A  converters  from  the  sine 
EPROIW  via  the  microprocessor  or  control  logic.  Three  loops 
are  generated  in  software  with  each  D/A  converter  being  loaded 
from  a  separate  loop.  The  loops  run  through  ihe  look-up  table 
producing  successive  triads  of  sinusoidal  values  with  120°  sep- 
aration which  are  loaded  to  the  D/A  converters  producing  3  sine 
wave  voltages  120°  apart.  A  complete  sine  wave  cycle  is  generated 
by  stqlpABf  M^MlSiWIlMN^'Wey'ff  ^  sine 


wave  table  is  used^  tl^^  J^e  resolution  of  the  circuit  will  be  1.4° 
(360°/256).  Kgure  17  W03!ft  typical  resulting  waveforms.  The 
sine  waves  can  be  smoothed  by  filtering  the  D/A  converter  out- 
puts. 

The  fourth  D/A  converter  of  the  AD7226,  DAC  D,  may  be 
used  in  a  feedback  configuration  to  provide  a  programmable 
reference  voltage  for  itself  and  the  other  three  converters.  This 
configuration  is  shown  in  Figure  15.  The  relationship  of  Vref 
to  ViN  is  dependent  upon  digital  code  and  t^lSD  die  ratio  of  Rf 
to  R  and  is  given  by  the  formula 


_  (1  +  G) 
^REF-  (1  +  G.DoV^  I 

where  G  =  Rp/R  ■ 

and  Do  is  a  fractional  represenlBtinn 
digital  word  in  latch  D.  * 


i 


Alternatively,  for  a  given  Vin  and  resistance 
valueof  Dd  for  a  given  value  of  Yit^  cm  bit 
dtt  gfgfession  i-  -(/ 

Vref  J^f 


Figure  16  shows  typical  plots  of  Vref  versus  digital  code  for 
three  different  values  of  Rp.  With  V,n  =  -I- 2.5V  and  Rp  =  3R 
the  peak-to-peak  sine  wave  voltage  from  the  converter  outputs 
will  vary  between  -I-2.5V  and  -I-  lOV  over  the  digital  input  code 


Figure  15.  3-Phase  Sine  Wave  Generation  Circuit 


0    le   32   4t   M   w   «  ti3  las  144  w  m  m  mm'^  ia 
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Figure  16.  VafJation  of  fee^m^  Qot^Sgmmebn 


Figure  17.  S-Phase  Sine  Wave  Output 


REV.  A 


DIGITAL-TO-ANALOG  CONVERTERS  2-299 


6  /.  ilU  df  TOtjIf 

•i,Lf>gic  level  MB9surei7^qt  ,  ,  j^^^^^ 


WINDOW  1 



^  wmoowz 

•  MflfiDOWS 

«ni0iDW4 

WINDOWS 

Figure  18b.  Window  Structure    

STAIRCASE  WINDOW  COMPARATOR 

In  many  test  systems,  it  is  imponant  to  be  able  to  determine 
whether  some  parameter  lies  within  deflned  limits.  The  staircase 
window  comparator  of  Figure  18a  is  a  circuit  which  can  be 
used,  for  example,  to  measure  the  Vqh  and  Vol  thresholds  of  a 
TTL  device  under  test.  Upper  and  lower  limits  on  both  Vqh 
and  Vol  can  be  programmably  set  using  the  AD7226.  Each 
adjacent  pair  of  comparators  forms  a  window  of  programmable 
size.  If  VxEST  lies  within  a  window  then  the  output  for  that 
window  will  be  high.  With  a  reference  of  2.56V  applied  to  the 
Vref  input,  the  minimum  window  size  is  lOmV. 

The  circuit  can  easily  be  adapted  to  allow  for  overlapping  of 
windows  as  shown  in  Figure  19a.  If  the  three  outputs  from  this 
circuit  are  decoded  then  five  different  nonovi»la|piiig  program- 
mable windows  can  i^ain  be  defined.  *  ^ 


Figure  19a.  Overlapping  Windows 
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Figure  20.  Varying  Reference  Signal 

VARYING  REFERENCE  SIGNAL 

In  some  applications,  it  may  be  desirable  to  have  a  varying 
signal  applied  to  the  reference  input  of  the  AD7226.  The  AD7226 
has  multiplying  c^bility  within  upper  and  lowe;r  limits  of 
reference  voltage  when  operated  with  dual  supplies.  The  uiqier 

and  lower  limits  are  those  required  by  the  AD7226  to  achieve 
its  linearity  specification.  Figure  20  shows  a  sine  wave  signal 
applied  to  the  reference  input  of  the  AD7226.  For  input  signal 
frequencies  up  to  30kHz  the  output  distortion  typically  remains 
less  than  0.1%.  Typical  3dB  bandwidth  figure  is  700kHz. 


rammable  input  offset  voltage  adjustment  for  the  AD544  op 
amp.  Each  output  of  the  AD7226  can  be  used  to  trim  the  input 
offset  vohage  on  one  AD544.  The  620kO  resistor  tied  to  +  lOV 
provides  a  fixed  bias  current  to  one  offset  node.  For  symmetrical 
adjustment,  this  bias  current  should  equal  the  current  in  the 
other  offset  node  with  the  half-full  scale  code  (i.e.  10000000)  on 
the  DAC.  Changing  the  code  on  the  DAC  varies  the  bias  current 
and  hence  provides  offset  adjust  for  the  AD544.  For  example, 
the  input  offset  voltage  on  the  AD344J,  which  has  a  minrinniiii 
of  ±  2mV,  can  be  programmably  trimmed  to  ±  10|xV. 


•MOitM.  iNwn  oMTtiB  Mm  euMm 
Figure  21.  Offset  Adfust  for  AiDS44 


Microprocessor  Interface 
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Figure  22.  AD7226  to  808SA  Interface 


Figure  23.  AD7226  to  6809  Interface 
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Figure  24.  AD7226  to  6502  interface 


Figure  25.  AD7226  to  Z-80  Interface 
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CMOS  D/A  Converters 

"'•"i  Voltage  Output 


PM-7226A/PM-7226 


FEATURfs ,  „, ,  ;■'„,;;,;:,     ^  v^'' 

•  No  Adjustments  Rsqulred,  Total  Error  ±1/2  LSB  Max 
Ovsr  Temperature 

•  Four  Voltage  Output  DACs  on  a  Single  Chip 

•  Single  (+5V  to +1SV)  or  Dual  Supply 

•  Improved  PM-7226A  Version  Provides 

-  Faster  50ns  Write  Time,  All  Temperatures 

-  Tested  5V  Specifications 

-  Reduced  Referenee  Input  TransKlon  Current  >  '  - >' 

-  EpI-CMOS  Processing  for  Improved  Lsteh-II^CIA  aW 

Resi8t9nc«'no;),A;>i;.T  M^HsafisisiolsifKyneiYislillmio^ 

jaert^slsb 

APPUCATIONS 


Automatic  Test  Equipment 

Process  and  Industrial  Control 

Scientific  Instrumentation 

Medical  Instrumentation 

Multichannel  MIcroprocoMor  Controlled 

-System  Calibration 

-  Op  Amp  Offset  and  Gain  Adjust 

-  Level  and  Threshold  Setting 


GENERAL  DESCRIPTION 

The  PM-7226  contains  four  8-bit  voltage  output  CMOS  digital- 
to-analog  converters  In  a  single  chip.  Also  incorporated fri^iftft' 
chip  are  four  input  latches  and  interface  control  logic. 

The  four  latches  are  under  control  of  one  write  and  two  address 
steuials  and  are  fed  from  a  common  8^it  data  bus.  It  allows  the 
■=^•7226  tote  paiHiu^iSWa  awawaiw-apaee-saving  20-pin, 


300  mil  DIP.  All  digital  inputs  are  TTL/CMOS  (5V)  compatible. 
Also,  each  DACs  input  latch  Is  addressable  for  easy  micro- 
processor interface.  Thaon-board  output  amplifier  can  each  drive 
pp  to  SmiKM^  either  a  single  or  dual  supply.  Continued 


ORDERING INFORliATION 


TOTAL  EXTENDED 
UNADJUSTED         MILITARY  INDUSTRIAL  COMMERCIAL 

ERROR         TEMPERATURE    TEMPERATURE  TEMPERATURE 


±1/2  LSB  PM7226AR  PM7226ER 

±1  LSB  PM7Z26BR  PM7226FR 

±1LSB  PM7226BRCn83  PtfKiZeFPO 

±iL»  '  ■  2SSv ''.ii;  PM722#S 

±1LSB  '•■).:  .-m  PM7226FP 

±1LSB  ,.-),    —   PF'.  PM7226AFR 

±1LSB  —  PM7226AFP 


PM7228GP 


*  Fardevicesprocesse<jlntotalcompllancetoMIL-^ri>!M3,i 
numbar.  Consult  factory  for 883  daiH  sheet 

L Burn-In  ts  avallabis  on  comraerdal  and  jnduatiisl  tsM^peiWura  Mlil^ansitK 
CeiDIPwMi  plaslie'DIP  packages.  -   — — 

tf  For  avallatillity  and  bum-in  Information  on  SO  packages,  contact  your  hical 
sales  office. 


CROSS  REFERENCE 


PMI 

ADI 

TEMPERATURE  RANGE 

PM7226AR 
~  PM7^6BR 

Ad7228TQ  ->-■ 

 JUIL.^   J 

PM7226ER 
PM722^FR 

AD7226BQ 

IND 

PM722eGP 

PM7226FPC 
PM7226FP 

AD72aBKP 

COM 

A0722eKN 

FUNCTIONAL  DIAGRAM 
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PIN  CONNECTIONS 


20-PIN  HERMETIC  DIP 
(R-Suffix) 

20-PIN  EPOXYDIP 
(P-SuffIx) 

20-PIN  SOL 
(S-Suffix) 


Vss  II 
VrefE 
AGND  U 
DGND  U 


U  VoutD 
g  Voo 

lE  Ai 

ill  WR 

DBo  (LSB) 
in  DB, 


/[aJlsJliJHH'V 
Vref  7|  |ii  VoD 

AGND  |]  llZ  Ao 

DGND  6]  Ql  A, 

DB,(MSB)  3  01  55r 

DB,  p  li4  DBo(l 

mBollrnii2||i3|  > 


PM-7226FPC 
20-CONTACT  PLCC 
(PC-Suffix) 

PM-7226BRC/883C 
20-CONTACT  LCC 
I)  (RC-SuffIX) 


GBIERAL  DESCRIPTION  CanSnued 

The  PM-7226's  compact  ^e,  low  i>owa{,  an^  econoip(^i^  post 
perchiannel,  laakeit  attxaeffi^efprapplicalions  requiitng  jnuliiple 
D/A  converters  without  sacrificing  circuit  board  space.  System 
reliability  is  also  increased  due  to  reduced  part  count.  For  higher 
channaLoutpuLsystemsihe  PM-7226Ai:an  be  connected  with 
the  DAC-8426  to  provide  a  complete  eight  or  higher  channel 
output  0/Asy^em  with  an  Internal  +1 OV  reference  in  only  two  IC 
pada^Wsf  J  5'^'*'"''i  if>9*1 -mr-fT;' -.Li!  A 

PMI's  advanced  oxide-isolated,  silicon-gate,  CMOS  process 
allows  the  PM-7226's  analog  and  digital  circuitry  to  b^ 
manufactured  on  the  same  chip.  This,  coupled  wKh  PMj's  highly 
stable  thin-film  R-2Ft  resistor  ladder,  aids  in  matching  and 
temperature  tracking  between  DACs. 

The  PM-7226and  the  PM-7226A  are  improved  replacements  for 
theAD7226.,  , 

For  military  temperature  range  PM-7226A,  contact  factory  for  883 
datasheet. 

tn»m<i\uf3  feeTo;-:-. -.0;  ;  . 
ieiinoO  lei'tisubni  brt  -  '^Oi 

I  3ifBinMro)i»«n<  laalfeeM  • 

--^ ! I (n c-C  v'l t ;ic iqotaXU  1 1; n -lailaWviM  • 


•  -5V  ±1 0%;  AGND  =  DGN  D  =  0  V;  V„ 


Specifications  apply  for  DUAL  or  SINGLE  SUPPLY,  unless  otherwise  specified. 
ELECTRICAL  CHARACTERISTICS:  DUALSUPPLY:  Vpo  =+11.4Vto+16.5V;Vss 
to  (Vqq  -4V).  single  SUPPLY:  V^^  =  +15V±5%;  V^g  =  AGND  =  DGND 

to  +1 25°C  apply  for  PM-7226AR/BR;  =  -40°C  to  +85°C  apply  for  PM-7226ER/FR/FP/FPC/FS/AFR/AFP;  T^ . 
for  PM-7226GP.  All  specifications  apply  for  DACs  A,  B,  C,  and  D. 


=+2V 


OV;  Vp^p  =  +1  OV;  unless  otherwise  specified.  T^  =  -55''C 

O'C  to +70»C  apply 


:    -1  .^1  ■ 

PM-7226A/PM-7226 
MIN            TYP  MAX 

PARAMETER 

SYMBOL 

CONDITIONS 

UNITS 

STATIC  ACCURACY 

-■■•It..  If' 

Resolution 

N 

Bits 

Total  Unadjusted  Error 
(Notel) 

PM-7226A/E/G 

-  ±1/2 
±1 

TUE 

PM-7226B/F/H/AF    '  ' 

LSB 

Relative  Accuracy 

INL 

Pll4-7226A/eG 
-  PM-7226B/F/H'AF  

,  ..."  ±1/2 

't-      '  +1 

LSB 

Differential  Nonlineari^ 
,  (NoIb2) 

DNL 

PM-7226A/BG 
PM-72268/F/H/AF 

±1/2 
±1 

LSB 

Full-Scale  Eimr 

Pkll-722SA/E/G 
_i .  .PM-7226B/F/H/AF 

±1/2 

±1 

LSB 

\  Full-Scale  Temperatw*  Coefficient 
1  (Nott4) 

TCG„  : 

1    .  ±20 

ppm/°C 

Zero  Code  Error 

VzsE 

DUAL  SUPPLY 
PM-7226A/E/G 
PfJl-7226B/F/H/AF 

±5 
±20 

mV 

SINGLE  SUPPLY 
PM-7226A/E/G 
PM-7226B/F/H/AF 

±10 
±20 

Zero  Code  Error 
Temperature  Coefficient 
(Note  4) 

DUAL  SUPPLY  ONLY 

±10  ■ 

j                       "           i  ■-■^ 

ai>ea4 

1 
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Specifications  apply  for  DUAL  or  SINGLE  SUPPLY,  unless  otherwise  specified. 

ELECTRICAL  CHARACTERISTICS:DUALSUPPLY:Vop  =+11.4Vto+16.5V;Vss=-5V±10%;AGND  =  DGND-0V;Vpgp  =  +2V 
to  (V-n  -4V).  SINGLE  SUPPLY:  V^p  =  +15V  ±5%;  Vgg  =  AGND  =  DGND  =  OV;  Vp„  =  +1 OV;  unless  otherwise  specified.  =  -55-0 
to  +1 25°C  apply  for  PM-7226AR/BR;  =.  -40°C  to  +85''C  apply  for  PM-7226ER/FR/FP/FPC/FS/AFR/AFP;  =  CC  to  +70°C  apply 
for  PM-7226GP.  All  specifications  apply  for  DACs  A,  B,  C,  and  D.  Continued 

~  [  \  PMc7226A/PM-73|ie 


PARAMETER 

SYMBOL 

-  ^ONOITIONS 

MIN 

 HAX 

UNO'S 

REFERENCE  INPUT 

Input  Voltage  Range  (Note  3) 

2 

V 

VnEF 

Inpul  Rssistancs 

"ref 

2 

kQ 

Input  Cap3citanc6 
(Note  4) 

Digital  Inputs  =  all  Os 
Digital  Inputs -all  Is 

65 

- 

300 

PF 

DIGITAL  INPUTS 

— 

Digital  Inputs  High 

2.4 

V 

Digital  Inputs  Low 

V 

INL 

_ 

0.8 

V 

Digital  Input  Current 

'iM 

 _y«-ovoty,^^ 

— 

0.1 

±1 

(lA 

Digital  Input  Capacitance  (Note  4) 

C|N 

- 

4 

8 

pF 

Input  Coding 

BINARY 

POWER  SUPPLIES 

Positive  Supply  Current 

12 

(Note  6) 

mA 

Negative  Supply  CurrBnt 

'm  -.- 

DUAL  SUPPLY  ONLY,  V„—SV 

>A 

(Note  6)   

PnrarDinipallon  

 Vjo-tlZV.V,,^  -   

 72 

mmas 

Povrar  Supply  SenslHvlty   

- 

-a^  

 AVgj-«%  

DYNAMIC  PERFORMANCE 

Vo„,  Slew  Rats  (Note  4)  SR  Z5  4  - 


Vo„T  Settling  Time 
(Positive  or  Negative) 
(Notes  4, 5) 

«. 

3 

5 

US 

Digital  Crosstalk  (Note  4) 

Q 

10 

nVa 

Minimum  Load  Resistance 

''l(MIII) 

VoUT-^lOV 

2 

ka 

SWTTCHING  CHARACTERISTICS  (Note  4} 


Address  to  Write  Set-Up  Time  t^.  0  -  —  ns 


Address  to  Write  Hold  Time 

0 

ns 

D«>  VaU  ID  WHie  Set-Up  Time 

<0. 

PM-7226 
PM-7226A 

90 

70 

ns 

Data  Vend  to  Writs  Hold  Time 

•dh 

10 

ns 

Write  PUse  Width 

<WR 

PM-7226 
PM-7226A 

90 

50 

ns 

NOTES: 

1.  IndudesFuii-ScaieError,  Relative  Accuracy,  and  Zero  Code  Error. 

2.  All  devices  guaranteed  monotonic  over  the  full  operating  lermoiaiuierai^.  l  V„EF.+lOV;towhereoutputsettte^ 

3.  Vop-4V  is  the  maximum  reference  voltage  for  the  atxivespeeMlealloiw.  ' in     inl  "'inh^ """^ 

4.  Guaranteed  by  design  and  not  sut)iect  to  production  test  •po"^^^*  ""'y' 
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ELECTRICAL  CHARACTERISTICS  :  +5V  Supply  Operation  at  V[jo  =  +5V±5%,  Vgg  -  0  or-5V,  AGND  -  DGND  -  pV,  V^, 
+1 .25V,  unless  otherwise  noted.  T.  =  -40°C  to  +85°C  applies  for  PM-7226AFR/FP.  All  sb%tticatipns  apply  for  DACs  A.  B,  C,  aft 


PARAMETER 

.     ..^  ...... 

''9tl»Bm.-~.-'.:-t-[   .  .'.OWPrnO»B:'-i                 ^w--,;.   ■      -IBW : 

5? 

■72264  OHLYi 

rlA!nB\-.V.'l-...«ftlti 

UHIT». 

Resolution 

OiflerantialNonlliwarif  -'      ^''^'^^D^'^  Af!pli(Mtti<Mm2lhnMigh2SS 

±1 

LSB 

Ful^Seate&rbf "—  

LSB 

— . 

 _   j4 

Zero  Code  Error  

 —  30 

.    .        ^1  -'i^  

~mV 

 —  

Referanoe  Input  - 
Volegjl  Range 

W(Vdo-3-5V)  Ti; 

1^  1.3 

V 

Reference  Input  Resistance 

 =1  — :  ^  

Rref                    Dlgitai  Inputs  all  13    .  .  iw.ni  iqie^O  2 

Ul 

Reference  Input  Capacitance 

Digital  Inputs  all  Is 

300 

pF 

U0lTAL'lf#UT8  (All  spedilleadbns  the  same  as 

DYNAMIC  PERFORMArCEl)f»peii^«SSp^«i^ni»W^ 

Positive  Supply  Current          ,  ^ 

•oo  - 

3.5  12 

mA 

NeflUKw  Supply  punfrit 

W  .  V„— SVohly 

3.5  10 

mA 

Power  Dissipation 

.;fc  'ass                 Ver'*'"  _ 

17.5  60 

mW 

SWrrCHING  CHARACTERISTICS 

Address-to-Wrlte  Setup  Time 

ns 

Address-ID-Wrlte  Hold  Time 

Hs 

Data  Vald-to-Write  Setup  Time  ^ 

to,    _  180 

_  ••iimiZ.t'-tV''-' 

DataValld-to-WrtteHoltf-^Mn  

  .    .  20 

■  TO 

WriiBPulaeWldili  .-  fL. 

-  ^           -                    .  — -    -     -  *20 

-fa 

 — 

jrii  -  — 

30  I..-  .'. 

a  c 
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BW5E^HARACTERIST1(gSv  L  


IHESSmai.129  X  0.152  Ineh,  19.608  sq.  mlia 


^tM*  SM  mm,  12.85  W^^nnn) 

y — —  ^ — i   * 

Specifications  apply  for  DUAL  or  SINGLE  SUPPLY,  unless  otherwM>^MBjiMi. 

WAFER  TEST  LIMITS:  DUAL  SUPPLY:  V„  -  -^11 .4V  to  +J.6.5V;  Vg^-s*5V±10%;  AGND  -  DGND  -  OV;  V„p  -  +2V  to  (V„-4V). 
SINGLE  SUPPLY:  =  +1 5V  ±5%;  Ygg  =  A^D  «JQ^D  -  OV;  Vj^  -  410V;  unless  otherwise  specified.  T^  -  +25»C.  Alispeclfi- 
eations  apply  for  DACs  A,  B,  C,  D.  '    jg^.  


PARAMETER 

SYMBbL  : 

CONDITIONS 

PM-7226BGC 
,  \,  uiirrs 

(mrrs 

Total  Unadjusted  Error 

TUE 

.■J 

LSliMAX 

Relative  Aecuracy 

INL 

■-7  ^'•'T« 

3 

b  

LSBMAX 

piflerentlal  Nonllnearl^ 

it  .  ,a:\^Y'.            'V.:  ■ 

.  HOC  t            ' ±1 

LSBMAX 

Full-Scale  Error 

t-;r^>  - — 

.«) 

 kVV^  ^  

±1 

 i— 

LSBMAX 

Zero  Code  Error 

V 

mVMSX 

Reference  Input 
Voltage  Range 

 & 

Retarsnce  Input 
Realstanee 

 1  1  

1 

-2 

HQ  MM 

Digital  Inputs  High 

V 

*INH 

VMIN 

Digital  Inputs  Low 

^tNL 

0.8 

VMAX 

Digital  Input  Current 

l<N 

±1 

(lA  MAX 

Positive  Supply  Current 

'dd 

V  =>V  orV 

*IN       INL  INH 

12 

mAMAX 

Negative  Supply  Current 

'ss 

^IN  =  ^INL  °'  'iNH'  ^SS  -  "^^ 

10 

mAMAX 

NOTE: 

Electrical  teets  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not  guaranteed  for 
Uandard  preduct  dice.  Corault  laciory  to  negotiate  apedflealions  Iwsad  en  dice  lot  quaHadoiB  through  sample  lot  assembly  and  testing. 
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otherwise  noted)  

to  AGND  or  DGND   -0.3V,  + 1 7V 

Vgsto  AGN&Of  raHft....-.,^ — .......„-  -7V, 

V    toV   -0.3V, +24V 

AGND  orDGND  -0.3V,  Vpo 

Digital  Input  Voltage  to  DGND  -0.3V,      +  0.3V 

VpgptoAGND    .-0JV,Voo 

VguT-to  AGND  (Note  1) 
Operating  Temperature 

AR/BR  Versions  -SS-Cto  +125°C 

ER/FR/FP/FPC/FS/AFR/AFP  Versions  -40°Cto  +85°C 

GP  Version  O-Cto+yo-C 

Junction  Temperature  +150°C 

Storage  Temperature  -65°Cto  +150°C 

llBtnpeialurA  ^dering,  1 0  see)  „„,>M.Mik>^>M|^|S^^ 


"yi 

UNI  19 

20-PlnhlemieticDIP(R) 

76 

11 

°aw 

20-Pin  Plastic  DIP  (P) 

69 

27 

°ow 

20-Contact  LCC  (RC,  TC) 

88 

33 

°c/w 

20-Pin  SOL  (S) 

88 

25 

°c/w 

20-Contact  PLCC  (PC) 

73 

33 

°c/w 

NOTES: 

1 .  Outputs  may  be  shortened  to  any  terminal  provided  the  padtage  power  dissi- 
pation is  not  exceeded.  Typical  output  short-circuit  current  to  AGND  is  SOmA. 

2.  The  digital  inputs  are  diode-protected;  however,  permanent  damage  may  occur 
on  unconnected  Inputs  from  high-energy  electrostatic  fields.  Keep  device  In 
conductive  foam  at  all  times  until  ready  fbr  use. 

3.  Use  proper  antistatic  handling  procedures. 

4.  Stresses  above  those  listsd  urider  'Absolute  Maximum  Ratings"  m^  cause 
permanent  damage  to  the  device.  This  Is  a  stress  rating  only  and  functional 
operation  at  or  above  this  specification  Is  not  implied.  Exposure  to  above 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 

5.  e„lsspeclfiedfbrworstcasemountingcondltions,l.e.,e^lsspecifledlbrdevice 
In  socket  for  CerOIP,  P-I3IP,  and  LCC  packages;  is  specified  for  devios 
aolderad  to  printed  circuit  board  for  SOL  and  PLCC  packages. 


BURN-IN  CIRCUIT 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


.lit,.       -inlloaBOf!!?  ..■■■]:■'•-    -y.  r,. 

CHANNEL-TO-CHANNEL 
MATCHING  (DACs  A,  B,  C,  D 
SUPERIMPOSED) 


40.5 
0 

-0.5 


1      1      1  1 
TA-'t2S°C;VDD-'f1SV 

Vs. 

5— « 

V.  V 

HEF- 

+10V 



-Vs. 

5.-5 

mi 

°C,  V 
V,  V 

[)D-^ 
HEF  = 

iSV 

.  1  OK./ 

Mi 

m 

0     32    64     86   128  160  182  224  256 
DIGn:M.INPUT  CODE  (DECIMAL) 


4O.S 

0 

-0.5 


TOTAL  UNADJUSTED  ERROR 
vs  DIGITAL  INPUT 
Ta  =  -55°C, +25°C,+125°C 

(ALL  SUPERIMPOSED) 
— I — r — 

VD0-+15V 
Vss— 5V 

Vr|f-+'I)V 


+0.5 
0 

-0.5 


Vss  -  -5V 
VREF-+-.25V- 


32  64  96  128  160  192  224  2S6 
'neiTM.  MPUr  code  (OECIlyML) 


RELATIVE  ACCURACY  VS  Vref 


1.0 
as 
0.6 
0.4 

0.2 
0 

-0.2 
-0.4 
-0.6 
-0.8 
-1.0 


■  1 

_Ta-*2S1 
Vss— 5V 

1 

)»i+i: 

V 

Vd 

D  =  +5 

+15V 
1  1 

_ 

6  8  10 
Vref  (VOLTS) 


REFERENCE  INPUT  CURRENT 
AND  CAPACITANCE  vs  CODE 
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Vref-^sv 
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VouT  NOISE  DENSITY 
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BROADBAND  NOISE 
(DC  TO  200kHz) 
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PARAMETER  DEFINITIONS 

TOTAL  UNADJUSTED  ERROR 

This  specification  includes  full-scale  error,  relative  accuracy,  and 
zerocodeerror.ldealfull-scateoutputisVpgp-1  LSB,and1  LSB 
isV„,,x(2-"). 

DIGITAL  CROSSTALK 

Digital  crosstalk  Is  the  signal  coupled  to  the  output  of  one  DAC 
due  to  a  change  In  digital  input  codef  rom  other  DACs.  It  Is  speci- 


fied in  nano-volt-seconds  and  measured  with  Vr, 


=  0V. 


Refer  to  PMVs  Data  Bool<,  Section  1 1,  for  additional  digital-to- 
analog  oonve|terii8{in^Bhi|l^^ "  ^  V 

GENERAL  CIRCUIT  DESCRIPTION 

CONVERTER  SECTION 

The  PM-7226  contains  four  output  amplifiers,  four  highly  stable 
thin-film,  R-2R  resistor  ladder  networks^  four  Input  derta  latches, 
and  interface  control  logic.  Also  included  are  32  NMOS  single- 
pole,  double-throw  switches.  These  switches  select  either  V^^p 
or  AGND  and  are  controlled  by  the  digital  input  code. 

Figure  1  shows  a  simplified  circuit  for  the  R-2R  ladder  networ<. 
II  is  shown  employed  in  the  voltage  mode  configuration  and 
connected  to  an  amplifier.  The  advantages  gained  in  operating 
the  ladder  in  the  voltage  mode  are  twofold:  it  allows  the  DAC  1o 
be  operated  with  a  single  supply,  and  the  ladder  resistance/ 
capacitance  modulation  encountered  In  the  current  mode  con- 
figuration are  eliminated.  The  modulation  (caused  by  the  vary- 
ing digital  code)  is  now  presented  to  the  low  impedance  refer- 
ence voltage  source  (most  voltage  reference  output  Impedances 
are  low  enough  so  that  its  output  voltage  will  not  be  affected  by 
the  varying  digital  code).  The  amplHler's  input  terminal  now  "sees' 
a  constant  resistance/capacitance,  th  usthe  outputoffset  voltage 
modulation  is  eliminsSM;  4t$o«  digital  glitches  will  not  feed 
through  the  switch  ca(Mtel£Bl|be.6>  the  output;  instead,  it  will  be 
absorbed  by  the  low  output  inbpedance  of  the  external  reference 
source,  thus,  resulting  in  a  'cleaner*  output  voltage. 


-\   iii   s.    c   w-  :» 


VrefO- 


JVOUT 


Note  in  Figure  1  that  the  amplifier  is  configured  to  operate  as  a 
buffer  amplifier;  no  signal  inversion' takes  place  from  input  to 
output  (Vpgp  to  Vqjj.^).  Also  note  that  analog  ground  (AGND)  is 
accessible  and  can  be  bi^ed  above  disiN  ground  (DGND)  for 
some  applications;  more  on  Wis  In  the  apitRcation  section  on 
AGNOfiiasing. 

For  proper  operation,  V^^p  maximum  should  be  limited  to  Vp^ 
minus  4  volts.  This  means  that  in  order  to  operate  the  DAC  with 
+TOVatthe  reference  inputterminal,  V^p  rfiustbeat  least -i-IW. 

The  PM-7226's  reference  input  terminal  is  commonip  the  four 
DACs.  This  puts  each  R-2R  ladder  resistance  in  parallel  and  its 
resistance  can  range  from  2k£2to  infinity;  the  value  depends  on 
the  digital  input  code.  The  capacitance  at  this  node  also  varies 
from  65pF  to  300pF,  and  is  code  dependent.  The  typical  per- 
formance characteristic  curves  show  the  variation  in  reference 
input  resistance  (l^^p  @  V^^p  =  5V)  and  Cp^p  versus  code.  The 
PM-7226A  offers  improved  transient  l^gp  current  as  shown  in 
Figure  2  which  minimizes  loading  on  tne  external  reference 
circuitry.  ^ ,  y 

The  voltage  output  equation  for  each  DAC  is  given  by: 

Vout  =  Vf  "0/256 

where  D  is  the  digital  input  code  integer  number  that  is  between 

0  and  255. 

BUFFER  AMPLIFIER  SECTION 

Each  R-2R  resistor  ladder  network  has  a  typical  resistance  of 
1 0kQ;  a  1 0OkQ  load  would  cause  the  gain  error  to  rise  to  23  LSB. 
Therefore,  in  order  to  drive  a  2kn  load,  the  R-2R  ladder  was 
buffered  with  a  stable  CMOS  amplifier  configured  to  operate  in 
the  unity-gain  mode.  The  amplifier  can  drive  1 0  volts  across  a 
2k£l  load  delivering  5mA,  and  can  easily  drive  a  3300pF  capaci- 
tive  load.  The  PM-7226's  output  can  also  withstand  an  indefinite 
short  circuit  to  AGND  (typical  short-circuit  current  to  AGND  is 
50mA).  The  output  may  also  be  shorted  to  any  voltage  between 
Vpp  and  Vgg;  howevei;,'care  must  be  taken  to  not  e/ceed'the 
device  maximum  poiwer  dissi|pdi(^n7—r 


FIGURE 2:  Switching  Transient  In^-^efe^enee &imnt' 


FIGy^  1 :  Simplified  ar^it^nfiguration  for  one  DAC. 
fare  show^^^S^^^'  on  tf»e  digital  inputs.) 
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The  amplifier's  output  stage  uses  an  intrinsic  NPN  bipolar  tran- 
sistor. This  transistor  provides  a  low  impedance,  high  output 
current  capability  using  a  small  part  of  the  chip  area.  The  tran- 
sistor Is  derived  from  the  P-well  and  the  substrate.  The  emitter 
of  this  NPN  transistor  is  loaded  with  a  450fiA  NMOS  current 
source  referenced  to  V^g.  This  allows  450|xA  to  be  sunk  to  the 
negative  supply  allowing  the  amplifier's  output  to  go  directly  to 
ground. 

A  simplified  circuit  of  the  output  amplifier  is  shown  in  Figure  3. 
Note  how  the  current  source  is  connected  between  the  parasitic 
NPN  output  transistor's  emitter  and  V33.  Figure  4  shows  a  typi- 
cal plot  of  the  DAC's  current  sink  capability  versus  output  volt- 
age; note  that  it  Is  for  a  dual  and  single  supply  operation.  Let's 
take  a  closer  look  at  what  happenato  its  behayiorl^  ref^jootQ 
Figure  4.  ~.  .      ,  .~  ' 


FIGURES:  AmpUhrOulpiH&sga 


0123456789  10 
VouT  (VOLTS) 


With  a  dual  supply,  the  current  source  is  still  in  its  high  imped- 
ance (saturation)  state  when  the  output  is  at  OV.  Therefore,  the 
current  source  has  5V  of  bias  in  dual  supply  operation.  When 
Vgg  =  OV,  however,  the  current  sink  capability  is  reduced  as  the 
output  voltage  approaches  OV;  the  current  source  is  coming  put 
of  Its  saturation  region  and  starts  appearing  resistive.  . 

The  amplifier's  current  limiting  and  buffering  abilities  are  achieved 
by  using  an  NMOS  transistor  and  a  series  resistor.  The  transis- 
tor is  configured  as  a  source  follower  and  Is  driving  the  resistor 
and  NPN  output  transistol.  This  is  also  sHoiwn  in^gws  3. 

Figure  S^isplays-tttei^ei^ined  amplifier  source  and  sink  capa- 
bility to  the  point  cjf  current  liihiting.  This  plot  was  made  with  the: 
digital J^puts  sgA  at  zero  exfe.  Note  that  the  maximum  souips! 
currwiiavalHlb^ts^ttei^WlHrbnthe  V..  supply  voltagei  ' 
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VouT  T  OUTPUT  VOLTAGE  (VOLTS) 


^QURES:  OuiptA^Mi-toumCunwitvs.  Voltago 

The  amplifier's  internal  gain  stages  were  designed  sothatthey 
maintain  good  gain  over  its  common-mode  range;  the  objective 
was  to  maintain  good  offset  performance  overthe  specified  volt- 
age range.  The  amplifier's  offset  voltage  is  laser-trimmed  during 
the  manufacturing  process;  this  eliminates  offset  trimming  by  the 
user  in  most  applications.  The  effect  of  amplifieroffset  is  included 
in  the  data  sheet  under ''^fQnad|tist^tf'#rbi^"lspedfidi^ 

DIGITAL  SECTION 

The  digital  inputs  are  CK/IOS  inverters.  They  were  designed ^uch 
that  TTL  and  CMOS  (5V)  input  levels  are  converted  into  internal 
CMOS  logic  levels;  they  are  used  to  drive  the  internal  circuitry.  A 
simple  5V  regulator  is  used  to  ensure  the  high-speed  timing. 


FIGURE  4:  DAC  Output  Current  Sink 
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The  PM-7226's  digital  inputs  are  TTL  and  CMOS  (5V)  compat- 
ible between  the  V^p  range  of  +1 1 .4V  to  +1 6.5V.  The  inputs  are 
protected  from  electrostatic  discharge  and  bulld-up  with  two  In- 
ternal distributed  diodes;  they  are  connected  from  V^q  and  DGND 
to  each  CMOS  Input  gate.  Each  Input  has  a  typical  Input  current 
of  less  than  1  nA.  Asilr¥>lifistf  ihpihp^SliiB^A^idiM 
In  Figure  6.  ■        'c  . 


DATA-,  . , . 
INPUT  o-f-M*- 
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FIGURE  6:  Ono  Digital  Input  Structure 

Figure  6  also  shows  an  equivalent  logic  circuit  forone  digital  in- 
put structure.  This  logic  circuit  drives  the  lad£ier  switches  shown 
In  Figure  7;  It  also  drives  the  control  logic  circuitry.  The  digital 
controls  0  and  o  shown  are  internally  generated  from  the  exter- 
nal WR,  A.,  and  Ag  signals.  The  logic  combination  of  A,  and  A, 
decide  whie^DAC  is  selected.  .  ~ 


tSUOVl  SOATjOvTO'ftjtireR  AMPUFIER 
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INTERFACE, 


VfCF  O- 


AGNO  O- 


FIGURE  7; 

INTERFACE  CONTROL  LOGIC  SECTION 

Figure  8  shows  the  PM-7226's  input  control  logic,  and  Table  1 
the  DAC  control  table.  The  address  lines  A^  and  A,  determines 
which  DAC  will  accept  the  input  data,  Tlje  5VR  inpiit^eter(pin9$ 
whether  the  selected  DAC  Is  transparent  (ou^ut  rallows  tlie  in- 
put), latched,  or  no  operation. 

Figure9showsthePM-7226%  write  timinqdiagram.lt  shows  that 
the  selected  DAC  is  transparent  when  the  WR  signal  is  low.  Some 
bus  systems  do  not  always  have  data  valid  for  the  entire  period 
during  which  the  WR  signal  Is  low.  This  allows  Invalid  data  to 
briefly  appear  at  the  DAC's  digital  inputs  and  cause  unwanted 
glitches  at  the  output.  Retiming  the  write  pulse  (WR)  so  that  it 
6nVi6Ms  «^hM  (teia  b  vaM  win  elimlnsOe  this  problem. 


m  ■ 


TOUTCHB 


FIGURES:  Input  Control  Logic 
TABLE  1:  DAC  Control  Table 
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NOTES: 

1 .  ALL  INPUT  SIGNAL  RISE  AND  FALL  TIMES  ARE  MEASURED  FROM 
THE  10%  TO  90%  OF  Vdd.  Or  -  If -2Qns  OVER  THE  Vdd  RANGE) 

2.  TIMING  REFERENCE  LEVEL  IS  FROM: 


RGURE  9:  SimpMied  circuit  configuration  forone  DAC. 
(SwAcftes  are  shown  fdrall  Is' on  the  tffgilal inputs.) 


2-312  OIGITALrTO-AfilALOG  CONVERTERS 


<mim 


PM-7226A/PM-7226 


APPLICATIONS  INFORMATION 
POWER  SUPPLY 

The  PM<7226 data  sheet  is  specified  with  dual  and  single  power 
supply  conditions.  The  dual  supply  specrlicatbns  are  specified 
with  a  positive  supply  (V^q)  range  of  +11.4V  to  +16.5V,  and  a 
negative  supply  (Vg^)  of  -5V.  The  specified  relefence  voltage 
(^ref)  under  these  conditions  range  from  +2V  to  Vgg  -4V.  For 
those  applications  requiring  -t-lOV  srtthe output  (Vp^p  -+10V), 
Vpp  must  be  +14V  minimum  to  meet  data  sheet  limits. 

The  specified  Vp^p  for  the  single  supply  specifications  is  +1 OV. 
The  Vp^p  voltage  range  for  both  dual  and  single  power  supply 
applications  must  be  otiserved  if  the  PM-7226's  multiplying  ca- 
(Mbllities  are  to  be  presancsd. 


Although  the  PM-7226  can  operate  with  either  a  single  or  dual 
power  supply,  improved  zero-code  error  can  be  obtained  by  using 
dual  supplies. 

DYNAMIC  PERFORMANCE 

The  PM-7226's  settling  time  is  limited  by  the  internal  amplifier's 
slew  rate  as  shown  in  Figure  10.  Depicted  is  the  dynamic  re- 
sponse for  a  positive  full-scale  outputvoltage  swing.  Figure  10c 
shows  the  expanded  view  with  no  evidence  of  signal  overshoot 
or  ririging;  |K>te  th9t  the  typical  settling  time  is  1  .SSj^.  An  ex- 
panded view  of  the  negative  full-scale  output  Voltage  swing  is 
shown  in  Rgure  1 0b.  It  also  shows  overshoot  at  a  minimum,  and, 
the  typical  settling  time  is  2.6ns. 


a)  LARGE  SIGNAL 
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C)  SETTUNG  TIME  RESPONSE  (POSITIVE  TRANSITION) 


b)  SErfUNe^lME  RESPONSE  (NEGATIVE  TRANSITION) 


TEST  CONDITIONS,  ALL  PHOTOS: 
R,^-2ka 

DICrrAt.  INPUT  SEQIJBNCEq,»5,0  . 
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RGURE  10:  Dynamic  Response 
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AGND  BIASING 

Soma  applicattons  may  require  the  DAC's  output  voltage  level 
to  be  offset  above  ground.  This  is  easily  accomplished  with  the 
PM-7226;  the  desired  DC  offset  voltage  can  be  applied  to  the 
AGND  pin.  Raising  AGND  above  DGND  affects  all  four  DACs 
because  AGND  is  common  to  them.  The  digital  input  voltage 
levels  are  not  affected.  Figure  1 1  shows  the  circuit  configuration 
and  Figure  12  shows  the  relative  accuracy  with  AGND  biased  at 
OV,  +2V,  and  +5V.  Thegraph  shows  both  adual  and  single  supply 
operation  with  Vp^  at +1 5V.  It  is  important  to  rememberthat  otiner 
parameters  degrade  more  pronouncedly  than  relative  accuracy. 


The  DAC's  output  voltage  expression  under  this  condition  is: 

^OUT 

where  AGND  bias  ittlw 


.AGND  bias +  V,^xD/256 


i»tcval  above  DGNDawtD  istiie 


FIGURE  11 :  AGND  Biasing  Scheme 


MULTIPLYING  OPERATION 

Good  multiplying  capabilities  are  realized  with  the  PM-7226  if 
the  reference  signal  level  is  kept  within  +2V  and  V^^  -4V.  The 
maximum  input  signal  level  is +1 2.5V  for  a  V^^  supply  voltage  of 
+16.5V;  however,  it  is  recommended  that  \l^^  =  +^5\l ±5%  and 
the  AC  voltage  swing  vary  from  +2V  to +11 V.  The  signal  must  be 
AC  coupled  and  biased  up  with  a  voltage  divider  as  shown  in 
Figure  13.  A  buffer  amplifier  should  be  used  to  ensure  that  the 
DAC's  Vpgp  impedance  (the  R-2R  ladder  input  resistance  varies 
from  2k£2  to  infinity)  does  not  load  the  resistor  divider. 

The  Vpgp  small-signal  frequency  response  (-3dB  bandwidth)  for 
the  PM-7226  is  typically  1.5MHz.  Its  small-signal  harmonic 
distortion  is  less  than  -57dB  at  IkHz  and-55dB  at  100kHz. 
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FIGURE  1 3:  AC  Signal  Input  Scheme 
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FIGURE12:  RelatlveAceumsyvs.  V^(A!Bm-0V,+2V.+SV) 


1.0 

m 

a  0.50 

I 

I  ° 

g  -0.25 

3  -0.50 
E 

-0.75 


-1.0 


Ta=+25X 
Vdo-^SV  - 
Vss  =  OV 
VREF-+1V- 


0     32    64    S6   128  ISO  182  224  2S6 
DIGITAL  INPUT  CODE  (DECnMLj 


FIGURE  1 4:  Relative  Accuracy  with  Single  +SV  Operation 
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+5V  SINGLE  SUPPLY  OPERATION 

Operation  of  the  improved  PM-7226A  at  a  +5V  Vp^  is  guaran- 
teed in  the  separate  specification  table.  Linearity  performance 
specified  by  DN  L  is  still  maintained  within  ±1  LSB  maximum.  DNL 
and  offset  performance  is  improved  with  a-5V  supply,  see  graph 
in  Typical  Performance  Characteristics  section.  Input  reference 
voltages  must  be  limited  to  1 .3V  maximum  wKh  V^q^SV.  MIcio- 
processorinterfacetiming  isslower,  but guaranteiSaiD this  values 
provided. 

GENERAL  GROUND  MANAGEMENT 

Ground  management  implies  the  placement  of  a  system's  ana- 
log and  digital  ground  currents.  Analog  and  digital  ground  returns 
are  a  source  of  system  errors  and  must  be  addressed.  Re- 
member, the  analog  signal  is  only  as  good  as  the  integrity  of  its 
analog  ground. 

Different  ground  management  techniques  are  used  depending 
on  the  size  and  type  of  the  overall  system.  Proper  grounding 
techniques  require  tying  the  analog  and  digitalgrounds  together 
at  the  DAC's  socket,  and  each  ground  return  line  be  brought  out 
separately  to  their  respective  power  supply  grounds.  Tying  the 
grounds  together  at  the  device  socket  and  at  the  power  supplies, 
or  at  more  than  one  location,  can  create  ground  loops.  This 
causes  noisy  digital  ground  currents  to  flow  through  the  analog 
ground  paths  destroying  the  analog's  ground  integrity.  Voltage 
differences  of  millivolts  (and  hundreds  of  millivolts  In  some  sys- 
tems) can  be  found  in  these  ground  paths. 

Other  sources  of  system  errors  can  be  introduced  by  the  prod- 
uct of  ground  noise  currents  and  ground  bus  impedances.  Using 
large  conductors  or  ground  planes  between  the  converter  and 
power  supplies  will  minimize  the  ground  impedances  and  thus, 
reduce  system  errors. 

If  system  requirements  dictate  the  use  of  common  return  lines  to 
the  power  supplies  for  both  the  analog  and  digital  grounds,  the 
converter  shouM  then  be  placed  as  close  to  the  power  supplies 
as  possible. 

POWER  SUPPLY  DECOUPLING 

Power  supply  decoupling  capacitors  are  important  to  suppress 
oscillations  and  noise  transients  from  entering  the  system.  Noise 
transients  are  generated  from  digital  switching  orswitching  power 
supplies;  and  oscillations  on  the  power  supply  lines  are  caused 
by  lead  Inductances  combined  with  stray  capacitance.  These 
transients  and  oscillations  can  also  cause  system  errors. 

Bypassing  the  PM-7226  at  the  socket  with  only  high  frequency 
decoupling  capacitors  may  not  remove  these  oscillations.  An  LC 
tank  circuit  can  be  formed  by  the  stray  power  lead  inductance 
and  capacitance.  These  reactive  components  can  allow  oscilla- 
tions to  occur  during  a  digital  current  step.  It  is  necessary,  then, 
to  remove  or  lower  the  tank's  resonant  frequency.  The  easiest 
method  is  to  parallel  the  highf  requency  decoupling  capacitor  with 
a  low  frequency  capacitor. 

The  high  frequency  decoupling  capacitors  should  be  ceramk:and 
in  the  range  of  0.01  (iF;  the  tow  frequency  decoupling  capacitors 
should  be  tantalum  and  between  1  to  1 0iiF  as  close  as  possible 
to  the  device  socket. 


BASIC  APPLICATIONS 
UNIPOLAR  OPERATION 

Figure  15  shows  the  PM-7226  configured  in  the  unipolar  mode 
of  operation;  the  analog  ou^ut  voltage  is  of  a  single  positive 
polarity  oi#,T|MiifMlil^c<)d#for1h&  tiKAftieRfperation. 
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TABLE  2:  Unipolar  Code  Table  (Refer  to  Figure  1 5) 


DAC  DATA  INPUT 
MSB  LSB 


ANALOG  OUTPUT 
(DAC  A,  B,  C,  or  D) 


11111111 


+Vref 


255 
1256 


1    0    0    0    0    0    0  1 


1256/ 


1    0  0  0  0  0  0  0 


l256)  2 


0  1111111 


+VreF 


00000001 


+Vref 


(ass) 


00000000 
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The  table  shows  that  there  is  no  signal  inversion  between  -t-V^^p 
and  Vqu^  Note  that  the  analog  output  voltage  is  equal  toVp^p 
multiplied  by  the  digital  input  code  (hence,  multipiying  DAC). 

The  expression  for  1  LSB  and  Vg^y  is: 
and 

VouT-WD«56.  -   

f»her«  D  is  the  a^Mk>piaiMii§fKtiM»nm  0  and  255. 


TABLES:  Bipolar  Code  Table  (Refer  to  Figure  1 6) 
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DAC  DATA  INPUT 
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0 
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BIPOLAR  OPERATION 

Figure  1 6  illustrates  the  PM-7226  In  the  bipolar  mode  of  opera- 
tion. This  mode  allows  the  output  voltage  to  swing  plus  or  minus 
and  is  determined  by  the  digital  input  code;  this  can  be  seen  in 
Table  3.  This  configuration  requires  an  external  amplifier  and  two 
resistors  for  each  channel  requiring  bipolar  operation. 

The  output  voltage  expression  Is  given  by: 

VouT  -  ((1  +  fyR,)  X  D/256  X  V„gp)  -  (Rj^R,  x  V„gp) 

where  D  is  the  digital  input  code  integer  between  0  and  255.  If  R, 

-  Rg,  then  V^y^  becomes: 

VouT=(2xD/256-1)xVRgP 

To  keep  gain  and  offset  errors  at  a  minimum,  R,  and  Rj  should 
be  matched  to  ±0.1  %  and  track  over  the  operating  temperature 
range  of  Interest.    . , , ;  1, 


FIGURE  16:  Bipolar  Operation 
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HIGH-COMPLIANCE  BIPOLAR  PRECISION  CURRENT- 
SOURCE 

Figure  17  shows  the  PM-7226  controlling  a  high-compliance, 
bipolar  precision  current  source  using  PMI's  AMP-05  instru- 
mentation amplifier.  The  AMP-05's  reference  and  sense  pins 
become  differential  inputs,  and  the  "old"  inputs  now  monitor  the 
voltage  across  a  precision  current  sense  resistor,  R^g  in  Figure 
1 7.  Voltage  gain  is  set  at  unity,  so  the  transfer  function  is  simply: 
'out  "  (^ouT*  ~  ^out'^)"^cs-  Using  a  1 0OSl  resistor  for  R^g  limits 
the  output  current  to  ±1 0mA  with  a  ±1 V  input. 

Potentiometer  R,  trims  the  output  current  to  zero  with  the  two 
inputs  at  OV.  Fine  gain  adjustmeiit  may  to  aeeoniiMMd  by 

trimming     or  R3. 

PROGRAMMABLE  OP  AMP  OFFSET  ADJUST 

The  PM-7226  can  be  used  for  op  amp  offset  trimming  adjust- 
ments under  microprocessor  control.  Offset  caused  by  tem- 
perature drifts  can  ^e  trirrimed  by  the  microprocessor  during  a 
periodic  calibratjon  cycle;  , 

The  PMr7226  u^lhe  input  offset  votoge  nuUing  pins  normally 
provided  on  most  amplifiers  es  shown  in-Figune  1 81  Afijce^ias 
current  is  provided  to  pin  5  of  the  op  amps  offset  null  pins  with 
Rj,  and  R,  (connected  to  the  DAC's  voltage  output  pin)  provid- 
ing the  variable  current  to  pin  1 . 


FIGURE  18:  qp  Amp  Offset  Ad^st  (Sea  Twet) 


msfmi-iimAniALmcoHimifms  men 


FIGURE  19:  Alllefast»  Offset  Adjust  (Soe  Text) 

\.    •  ■■'-  '•nrnoaoa  ali  ism  '  or.'-w^' 

In  order  to  have  a  plus  or  minus  (±)  offset  adjust  control,  the  cur- 
rentthrough  must  equaftfrecurrafitthrbughR^  when  the  PM- 
7226  is  at  half  scale,  binary  code  ^  1 000  0000. 

The  resistor  values  (R^,  Rj)  should  be  chosen  to  give  the  re- 
quired offset  adjustment  range  desired.  Lower  values  provide  a 
larger  range;  however,  resolution  will  be  sacritibed.  Reversing 
donneetlans  pMs  1  ancl^  (of  the  op  affl|S)'«t^|fevers^tlW'e^- 
s6f  ^dibqiistmaiit  dird^n/   "        '    '  lu     >  ■  .  -x  h'.'H  '-  '- 


Some  op  amps  are  not  provided  with  offset  adjustment  pins, 
in  these  cases,  the  circuit  configuration  of  Figure  19  can  be 
used.  Again,  the  current  through  resistor  R^  must  equal  the 
current  through  R3  with  the  PM-7226  at  half  scale,  digital  code  - 
1000  0000. 

With  the  circuit  components  shown,  the  maximum  adjustment 
r2mge  is  ±5mV.  Incremental  adjustment  resolution  is  dQ^V  per 
bit. 
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FIGURE  20:  l>h^O¥»^Bppmg  Window  Comparati 
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STAIRCASE  WINDOW  COMPARATOR 

Many  applications  need  to  determine  whether  voltage  levels 
are  within  predetermined  limits.  Some  requirements  are  for  non- 
overlapping  windows  and  otlisrs  .for  overlapping  windows. 
Both  circuit  configurations  are  shown  in  Figures  20  and  21 , 
respectively. 

The  non-overlapping  circuit  uses  one  PM-7226  and  ten  com- 
parators; this  allows  for  five  voltage  windows.  These  windows 
range  between  V„p  and  analog  ground.  Figure  20  shows  that 
the  first  window  is  between       and  Vg^yjA.  Vg^.^  is  also  the 


upper  limit  of  window  2,  the  lower  limit  being  Vjjy.fB,  etc.  These 
limits  (window  size)  can  be  microprocessor  controlled.  The  rela- 
tionship Vpgp  >  Vj^gy  >  AGND  apply. 

More  versatility  can  be  obtained  by  connecting  the  output  of  DAC 
D  (Vq^^^D)  to  Vpgp;  this  allows  Vpgp  (which  is  common  to  all  four 
DACs)  to  be  under  microprocessor  control  (see  Programmable 
DAC  Reference  Voltage  section).  This,  however,  reduces  the 
windows  to  four.  Overlap^llig  wiridows  (Rgure  21)  Will  reduce 
the  windows  to  three.         •  ^  ' 
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FIGrtlBE'21:  Ovei^pping  Window  Comparator  - ''^ 


PROGRAMMABLE  DAC  REFEReKCE  VOLTAGE 

yjitb  the  PM-7226's  flexibility,  one  of  the  Internal  DACs  can  be 
Used  to  control  Vpgp  for  all  of  the  DACs,  and  under  micropro- 
cessor control. 

The  circuit  configuration  is  shown  in  Figure  22. The  relationship ; 
of  Vpgp  to     is  dependent  upon  thedii 
R,  and  Rj,  and  is  given  by: 

Vj,gp-[(1+R)/(Rx0;^p'V,|ij   

(where  R  =  R^/R,  (Figure  22) 

j        D- Digital  Input  Code   , 

{raMS4-sh0«imi  ¥^  for  various  ratios  et  ft^  iditd 


TABLE  4:  Vpgp  vs.  R, ,  R^  (see  Figure  22) 


R,, 

DIGITAL  INPUT  CODE 

V 

•ref 

R,=R, 

0000  0000  (0/256) 

R,=R, 

1000  0000(128/256) 

R,  ^Rj 

1111  1111  (255/256) 

v„ 

R2  =  3R, 

0000  0000  (0/256) 

R,-3R, 

1000  0000(128/256) 

1.6V„ 

1111  1111  (^SKSfe).. 
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FIQURE  22:  Prt^rarrfmable  DAC  Reference- 
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FIGURE  23:  3>mmS»M  Wave  &mnitojCh 


ounter) 


J  L 


DB7 
Deo 


n<S.llR£i«  3-^as»  Sfnb  M^tnai  S»neja(tir  dftS/^  ^na»>^)U!broAWD|c#ssor  Control) 


This  application  worl<s  best  with  dual  supplies.  This  is  due  to  the 
DAC's  output-current  sink  capability  as  V^^.^  approaches  OV. 

3-PHASE  SINE  WAVE  GENERATION 

The  PM-7226  Is  well  suited  for  3-phase  sine  wave  generation 
and  with  amplitude  control.  These  sine  waves  can  be  used  to 
control  a  shaft's  rotational  angle  in  small  3-phase  synchro  motors; 
some  applications  are  antennas,  robotics,  and  process  controls. 
Other  waveforms  (such  :ts  triangular)  may  also  be  generated. 
The  concept  revolves  around  a  PROM,  counter,  and  a  clock  (or 
a  microprocessor). 

The  sine  wave  codes  are  stored  in  a  PROM  in  Mts  of  three.  Each 
set  is  120*  apart  and  has  a  1.4*  resolijikm  pWy/ZSG).  These 


codes  will  use  768  memory  address  spaces  (256;  x  3).  ! 

Figure23showsthecircuitusingacouiiter,ftip-fbp,andaPROM; 
note  that  aclocl<  is  used  to  control  thecireuit.  The  countercounts 
through  the  PROM's  addresses  until  the  counter  has  stepped 
through  the  PROM'sf  ull  look-up  table;  this  completes  afull  cycle. 
The  co^er.th^n  resets  and  begins  the  cycle  again  when  the 
last  acMTOSs  d^a  Fias  been  loaded  into  the  PM-7226. 

Sine  wave  generation  can  also  be  under  microprocessor  con- 
trol; see  Figure  24.  The  processor's  software  runs  3  phases  to 
Fil^th»PI|Qlf«i 


FIGURE  25:  PM-7226  to  808SA  INTERFACE  (Simplified 
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iHGURE26:  PM-7226  to  Z-80  INTERFACE  (I 
tanty  Snoa  of  interest  are  sfiown.) 
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I^QlAlE  27:  PM-7226  to  6809  INTERFACE  (Simplifiecl 
circuU,  only  llhes  of  ifitereist  are  shown.) 
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FIGURE  28:  PM-7226  to  6502  INTERFACE  (Simplified 
praiit,  oafy  lines  of  interest  are  sfiown.) 
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HGURE  29:  PM^7226  to  68000  INTERFACE  (Simplified 
clKuit,onlylinaidfint»r»^areslH>wn.)  1 

Any  combination  of  waveshapes  may  be  simultaneousiy  gener- 
ated. It  only  requires  the  functions  to  be  programmed  into  the 
PROM  on  an  interlace  basis.  The  output  amplitudes  can  also  be 
microprocessor  controlled;  see  previous  section  on  Program- 
mable DAC  Reference  Voltage. 

MICROPROCESSOR  INTERFACING 

Interfacing  the  PM-7226  to  a  microprocessor  is  simpllfied^yvirtge 
of  its  loading  structure  simplicity.  Data  Is  loaded  Into  the  DAC  by 
use  of  only  three  control  lines,  the  write  strobe  (WR)  and  two  DAC 
selection  control  signals  (Ag,  A,). 

Figures  25  through  29  show  various  popular  microprocessor 
interface  configurations. 
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FEATURES  ,  ^ 

Eight  8-Bit  DACs  with  OiitiNltilmiiMW 
Operates  witli  Single  orDual  Supplies 
lnP  Compatible  (95ns  nniytHT'^" 
No  User  Trims  Required 
Extended  Temperature  Range  Operation 
Skinny  24^in  DIP,  SOIC  and  28-Terminal 
SorfMe  Mount  Padcages 


I  t 


OS: 


i 

GENERAL  DESCRIPTION  qaSiVW  »  -  W 

The  AD7228  contains  eight  8-bit  vbltage-tnode  digital-to-analog 
converters,  with  output  buffer  amplifiers  and  interface  logic  on 
a  single  monolithic  chip.  No  external  trims  are  required  to 
achieve  fiill  specified  perfonnance  for  the  part.  ,  '     .,  , 

Separate  on-chip  latches  are  provided  for  each  of  the  eight  D/A 
converters.  Data  is  transferred  into  the  data  latches  through  a 
common  8-bit  TTL/CMOS  (5V)  compatible  input  port.  Address 
inputs  AO,  Al  and  A2  detennine  which  latch  is  loaded  when 
WR  goes  low.  Hw  control  logic  is  speed  compatible  wj^inost 

Specified  performance  i«  guaranteed  f«p,input  reference  voltages 
from  +2  to    lOV  ^hea  using  dual  sui^lies.  The  part  is  also 
specified ior  single  supj^i^aatiaoumg j  rrfoence of  +.10V. 
Each  output  buffer  amplffier  is  cqiable  d  develo(ring  -I-  lOV 
across  a  Tkil  load. 

The  AD7228  is  fabricated  on  an  all  ion-implanted,  high-speed. 
Linear  Compatible  CMOS  (LC^MOS)  process  which  has  been 
qjedfically  developed  to  integrate  high-speed  digital  logic  circuits 
and  predsiDn  analog  circuits  on  the  same  ciiq>. 

■.  ■■-••'4''...^.  Aru;!-*    'li-j-.'    ■  '. 
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,  '  1 

CONTROL 
LOGIC 

;ODUCT  HIGHLIGHTS 
Eight  DACs  and  Amplifiers  in  Small  Padcage 

The  single-chip  design  of  eight  8-bit  DACs  and  amplifiers 
allows  a  dramatic  reduction  in  board  space  requirements  and 
offers  increased  reliability  in  systems  using  multiple  converters. 
Its  DIP  and  SOIC  pinoul  is  aimed  at  optimizing  board  layout 
with  all  analog  inputs  and  outputs  at  one  side  of  the  package 
and  all  digital  inputs  at  the  other. 

Single  or  Dual  Supply  Operation 

The  vologe-mocte  osofiguration  of  the  DACs  allows  single 
supply  operation  of  the  AD7228.  The  part  can  also  bie  q|)erated 
with  dnil  supplia  giVii^  enhanced  performanoe  for  some 
parameteis..  -i 

Microprocessor  Com^tibility  ' 
The  AD7228  has  a  common  8-bit  data  bus  with  individual 
DAC  latches,  providing  a  versatile  control  architecture  for 
simple  interface  to  microprocessors.  All  latch  enable  signals 
are  level  triggered  and  speed  compatible  with  most  hi^- 
performance  8-bit  microprocessors.  _ 
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AD722Q-SPECIFICATI0NS 

Kiiki  Piinni  w  ffm  =       to  ISW:  »ss  =  -W  ±10%!  8110  =  W;  Vw  =  +» to  +10V!' 

If  UAL  dUf  Ifil  A  =  21(11,  Cl  =  lOOpF  unless  otiieraise  stated.)  U  specifications  T„,h  U)  T„,„  unless  otheraBe  noted. 


Parameter 


R,B 
Venions' 


L,C 
Versions 


U  Version 


Conditioos/Coniments 


STATIC  PERFOill^CE 
Resolution 

Total  Unadjusted  Error' 
Relative  Accuracy 
Differential  Nonlinearity 
FuU-Scale  Error'' 
Zero  Code  Error 

@25°C 

T„,i„toTM„ 
Minimum  Load  Resistance 


8 

±2 
±1 
±1 
±1 

±25 
±30 


8 

±1 
±1/2 
±1 
±111 

±15 
±20 


8 

±2 
±1 
±1 
±1 

±25 
±30 
2 


8 

±1 

±1/2 

±1 

±1/2 

±15 
±20 


Bits 

LSBmax 
LSBmax 
LSBmax 
LSBmax 

mVmax 
mVmax 
kHmin 


Vdd  =  +  15V  ±  10%,  Vref   

Guaranteed  Monotonic  ^ 
Typi^ai-W^iaSpin^ittlA^^'^tOf  - 

Typical  tempco  is  30|»1^  «nae)  aWfeiHif  .  < 


Votrr=  +  10V 


REFERENCE  INPUT 
Voltage  Range' 
Input  Resistance 
Input  Capacitance' 

AC  Feedthrough 


2  to  10 
2 

500 

-70 


2  to  10 
2 

500 

-70 


2  to  10 
2 

500 

-70 


2  to  10 
2 

500 

-70 


V„j„toV„ 
knmin 
pFmax 
dBtyp 


Occurs  when  each  DAC  is  loaded  with  all  Is. 
VREF=8Vp-pSineWaye@  lOfcHz/ 


DIGITAL  INPUTS 
Input  High  Voltage,  Vinh 
Input  Low  Voltage,  Vinl 
Input  Leakage  Current 
Input  Capacitance^ 
Input  Coding 


2.4 
0.8 
±1 
8 

Binary 


2.4 
0.8 
±1 
3 

Binary 


2.4 
0.8 
±1 
8 

Binary 


2.4 
0.8 


Binary 


Vmin 
Vmax 
(lAmax 
pFmax 


Vm  =  OVorVoD 


DYNAMIC  PERFORMANCE' 
Voltage  Output  Slew  Rate 
Voltage  Output  Settling  Time 
Positive  Full-Scale  Change 
Negative  FuU-Scale  Change 
Digital  Feedthrough 
Digital  Crosstalk' 


V/p-smin 

fismax 
fLsmax 
nVsecstyp 
nVsecstyp 


Vref  =  +  lOV;  Settling  Time  to  ±  1/2LSB 
Vref  =  +  lOV;  Settling  Time  to  ±  1/2LSB 
Code  tiwsition  all  Os  m  all  Is.  Vrsf, = oy;  WR = Yod,  ^ 
Code^^^tCsfo'ltjS.  V^'fe^j^TiW^ 


POWER  SUPPLIES,, 

VDDR4hg^ 

VssRsdge 

Idd  — 
@25°C 
T„mitoT„„ 

Iss 

T„i„toT™ 


lOisnfi.s 

-4.5/-5.5 


10.8/16.5 
-4.5/- 5.5 


10.8/16.5 

-4.5/-5.5 


10.8/I6.S 
-4.5/- 5.5 


V„i„W„ 


mAmax 
mAmax 


mAmax 
mAmax 


For  Spe;ified  Peiforinance 
For  Specified  Performance 
Outputs  Unloaded^  Vin = ViNj,pr  Yijjii 


Outputs  Bidosded;  Vm^Vmiiii'!tmi- 


0tm  to  Tim  iixlBss  ottmwise  noted. 


^JsTi(!t^iS'6kj*sN6i'"  - 

.  ". 

■>l  >n  !>ida(|s-i>  «>  isfiiiqiDit 

i 

8  " 

8 

8 

Bits 

Total  Unadjusted  Error' 

±2 

±1 

±2 

±1 

LSBmax 

Diiferoitial  Nonlinearity 

±1 

±1 

±1 

±1 

LSBmax 

Guaranteed  Monotonic 

Minimum  Load  Resistance 

2 

2 

2 

2 

kOmin 

VouT=  +  lOV 

REFERENCE  INPUT 

Input  Resistance 

2 

2 

2 

2 

kllmin 

Input  Capacitance' 

500 

500 

500 

500 

pFmax 

Occurs  ^riuneach  DAC  is  loaded  with  idi  Is. 

DIGITAL  INPUTS 

As  per  Dual  Supply  Specifications 

DYNAMIC  PERFORMANCE' 

Voltage  Output  Slew  Rate 

2 

2 

2 

2 

V/rismin 

Voltage  Output  Settling  Time 

Positive  Full-Scale  Change 

5 

5 

5 

5 

(jLsmax 

Settling  Time  to  ±  1/2LSB 

Negative  Full-Scale  Change 

7 

7 

7 

7 

M.smax 

Settling  Time  to  ±  1/2LSB 

DigitaliPeedlhifp^.  ■ 

50 

50 

50 

50 

nVsecstyp 

Code  transition  all  Os  to  all  Is.  VjEF = OV;  WR = Vdd 

Digital  Crosstalk' 

50 

50 

50 

50 

nVsecstyp 

Code  transition  all  Os  to  aU  Is.  Vref  =+ lOV;  WR = OV. 

POWER  SUPPLIES 

Vdd  Range 

13.5/16.5 

13.5/16.5 

I3.S/16.5 

13.5/16.5 

V„a„W™ 

For  Specified  Performance 

Idd 

Outputs  Unloaded;  Vim = Von.  or  Vinh 

@25°C 

16 

16 

16 

16 

mAmax 

T„j„toT„,„ 

20 

20 

22 

22 

mAmax 

NOTES 

'VouT  niun  be  iat  dum  Vdd  tV  to  mam  correct 
^empennm  ranges  are  ai  foUom: 

K,  L  Veruons:  -4(rC  to  i-ti'C 

B,  C  Venwiu:  -WC  to  +K'C 

T^UVeiaiaBs:  -SS<X:  to  +129%: 
^obl  Unadjofted  Error 


iididW'«Bciu«qr  Mid  fidl-Kaile  cmr: 


^Cilculated  after  zero  code  error  has  been  adjusted  oUbJIV  •SbmHK 
'Sample  tested  at  lyC  to  ensuie  compliance. 

'The  glitch  impulse  iransfeired  to  the  output  of  one  convener  (not  addressed) 
due  to  a  dnuige  in  the  digital  input  code  to  another  addressed  converter. 
'Siq^  -K  SV  opcntun  is  also  possible  wilfa  d^raded  performance  (see  Figpre  14). 
SpBtiffidtiew  Bib)Kt  to  diange  n^bwtnetiee. 


^324  DfG/TAL-TOiA/^/H-^aQONV&Smm 


SWITCHING  CHARACTERISTICS^'^ 


AD7228 

5i08  OV5A  no 
ewr«urai1.2;lb  = +1IILW10 +t(L5V;Vs  =  Wor -5V  ±11%) 


Parameters 

Limit  at25°C 
AU  Grades 

Limit  at  T^,  T,^ 
(K,L,B,C  Grades) 

Limit  at  T^,T„^ 
(T,U  Grades) 

Unite 

Conditions/Comments 

•  i  =• 

ti 

t2 

'  u 

0 
0 
70 

0 
0 
90 

'"-"■"'■■JO  '  " 

0 

0  ...,,{ 

nsmin 
nsmin 
nsmin 

nsmin 

Address  to  WR  Setup  Time 
Address  to  ^fK  Hold  Time 
Data  Valid  to  WR  Setup  Time 
DataValUtlkWRHoldX^  i^^J'm 
WritePube  Width  .pi 

NOTES 

>Suii|i|e>i<c«ed  It  2SX  to  ensure  compliance.  AU  input  rise  and  M  times  measured  from  10%  to  90%  of  +  5V,  t|t  = 
>Timiiig  mtmualeUftai^Mtteia  u    v,n„  +  J  i  |  t  |  t 


tp  =  5ns. 


INTERFACX  LOGIC  INFORMATION  j 

Address  lines  AO,  Al  and  A2  select  which  DAC  accepts  data 
from  the  input  port.  Table  I  diows  die  selection  table  for  the 
eight  DACs  with  Figure  1  showing  the  input  control  logic. 
When  the  WR  signal  is  low,  the  input  latch  of  the  selected 
DAC  is  transparent,  and  its  output  responds  to  activity  on  the 
data  bus.  The  data  is  latched  into  the  addressed  DAC  latch  oif 
the  rising  edge  of  WR.  While  WR  is  high,  the  analog  outputs 
ronain  at  the  value  corresponding  to  the  data  held  in  their 
rdtpective  latches. 


AD7228  Control  Inputs 

AD722g 

WE  A2 

Al 

AO 

Operation 

H  X 

X 

X 

No  Operation 
DevkeNotSdected 

L  L 

L 

L 

DAC  1  Transparent 

L 

L 

L 

DAC  1  Latched 

L  L 

L 

H 

DAC  2  Transparent 

L  L 

H 

L 

DAC  3  Transparent 

L  L 

H 

H 

DAC  4  Transparent 

L  H 

L 

L 

DAC  3  Transparent 

L  H 

L 

H 

DAC6Tnm|iuau 

L  H 

H 

L 

DAC7Transp^t 

L  H 

H 

H 

H-B^ia^  '|J-£wS<^'  X-Bia/tCm 

:,; ..  ,^,TttH9l  A07228  Truth  Table 


f^ure  'i, .  fngut  Control  Logic 


NOTE:   

THE  SELECTED  (NPUT  LATCH  ISTRANSPARENT  WHILE  WR  IS  LOW, 

THUS  INVAUO  DATA  DURING  THIS  TIME  CAN  CAUSE  SPURIOUS  OUTmrS 

Figure  2.  Write  Cycle  Timing  Diagram 


ABSOLUTE  MAXIMUM  RATINGS* 

VcDtoGND  

Vdd  to  Vss  

Digital  Input  Voltage  to  GND   

VREptoGND  

VouT  to  GND'  4  .  . 

Power  Dissipation  (Any  Package)  to  ^.TSX.. 

Derates  above  75°C  by 
Operating  Temperature     '  ...  rt ,  -- , 

Commercial  

Industrial  

Extended  

Storage  Temperature  

Lead  Temperature  (Soldering,  lOsecs)    .  .  . 


.  .  -0.3V,  +17V 
.  .  -0.3V,  +24V 
0.3V,  Vdd  +0.3V 
0.3V,  Vdd  +0.3V 

 Vss.  Vdd 

..lOOQmW 


-40°Cto  +85°C 
-40°Cto  +85°C 
-5S°Cto  +125°C 
-65°Cto  +150''C 
 +300°C 


CAUTION:   :      ■[  ,  ' 

ESD  (eiectn^tatic  diseh^ge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however^  ptirmanent  dainage  inay  ocCur  on  uncoimected  devices  subject  to  high  energy  electro- 
stUc  ijidds.  Unused  dences  miist  be  ^toted' m  ccfnductive  foam  or  diunts.  The  protective  foam 

s  «=j»k.ciiK/  tjj  ^^^M^^ifion  socket  before  devices  are  is 


NOTE 

'Outputs  may  be  shorted  to  any  voltage  in  the  range  Vss  to  Vdd  provided 
that  the  power  dissipation  of  the  package  is  not  exceeded.  Typical  short 
dicoitc«(ieufif[iafa<i((IA^a>«rVssi>50iiiA. 

•Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may 
cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and 
ftmcuonal  operation  of  the  device  at  these  or  any  other  conditions  above 
those  indicited  in  the  opeiitipiial  scctioiis  of  (his  Hyiilkatfett-i^'  not 
implied.  Expostire  to  absolute  wiawmiim  nting^o6n3iBon~fior*aSenied 
periods  may  affect  device  leliability. 


WARNING!  ^-<1 
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DIP  AND  SOIC 


LCCC 


D/ASECnSN  .  ,...  .:.(•■; 

to-analog  conveners.  The  output  voltages  from  the  eonvMers 
.  fhavelhe  same  polarity  as  the  reference  voltage,  allowing  single 
^  'SUt^^  ophite; 'A  novel  DAC  switch  pair  airangement'cm  'die 
AD72Z8  dioi^  a  refernice  voltage  range  from  +  2V  to  +  lOV. 
Each  DAC  consists  of  a  highly  stable,  thin-film,  R-2R  ladder 
and  eight  high-speed  NMOS  switches.  The  simplified  circuit 
diagram  for  one  chaim^ei  is  ^  ^<  ^rbf 

and  GND  are  common  to  all  eiw  Ili^Cst>  -  • 


NC"NOCONNECt 


i  i  i  M  i  i  i 


PLCC 

J  J  J  Si  3  :  a 


v„™(T 

NC  [T 


AD722« 


HLjIHNLiILiIH 
'   ■  ■    .»  .«  i  s  i  i  i 

NC=NOCONNBPT 

  OMO  OJ 

ORDERING  GUIDE 


k|  wn 

24]  DM 
23]  DB1 
22]  NC 
21]  DB2 
^  Dra 
19]  DB4 


Total 

Temperature 

Unadjusted 

Package 

Model* 

Range 

Error 

Option^ 

AD7228KN 

-40°Cto  +85°C 

+  2LSB 

N-24 

AD7228LN 

-W-Cto+SS'C 

±1LSB 

N-24 

AD7228KP 

-40°Cto  +85''C 

+  2LSB 

P-28A 

AD7228LP 

-"♦O'Cto  +85°C 

+  1LSB 

P-28A 

AD7228KR 

-40°Cto  +85°C 

+  2LSB 

R-24 

AD7228LR 

-40°Cto  +85°C 

±1LSB 

R-24 

AD7228BQ 

-40°Cto  +85°C 

±2LSB 

Q-24 

AD7228CQ 

-40°Cto  +85°C 

±1LSB 

Q-24 

AD7228TQ 

-55°Cto  +  125°C 

+  2LSB 

Q-24 

AD7228UQ 

-55°Cto  +  125°C 

±1LSB 

Q-24 

AD7228TE 

-55°Cto  +  125°C 

±2LSB 

E-28A 

AD7228UE 

-55°Cto  +  125°C 

±1LSB 

E-28A 

SHOWN  FOR  ALL  1s  ON  DAC 


NOTES 

'To  order  MIL-STD-883,  Class  B  processed  parts,  add  /883B  to  part 
number.  Contact  your  local  sales  office  for  military  data  sheet.  For 
U.S.  Standard  Military  Drawing  (SMD),  see  DESC  Drawing  #5962-88663. 

=  Leadless  Ceramic  Chip  Carrier;  N  =  Plastic  DIP;  P  =  Plastic 
Leaded  Cliip  Carrier;  Q  =  Cerdip;  R  =  SOIC.  For  outline  information 
see  Package  Information  section. 


Figures.  D/A  Simplified  Circuit  Diagram  \ 

The  topjit  ia^^ei^mi*«te5VREF  pi"  of  the  AD7228  is  rtie  , 
pa^iU^  Gt^iMnstMB  ,(tf|dCB.^ie^t'inMdual  DAC  reference 
mput'WBtpedaaeei.i  Jtiisaeisde  d^^ndeat  and  can  vary  from  2kO 
to  infinity.  The  lowest  input  impedance  occurs  when  all  dghti 
DACs  are  loaded  with  digital  code  01010101.  Therefore,  it  is 
important  that  the  external  reference  source  presents  a  low 
output  impedance  to  the  Vref  terminal  of  the  AD7228  under 
changing  load  conditions.  Due  to  transient  currents  at  the  reference 
input  during  digital  code  changes  a  O.Im-F  (or  greater)  decoupling 
capacitor  is  recommended  on  the  Vref  input  for  dc  appUcations. 
The  nodal  capacitance  at  the  reference  terminal  is  also  code 
dependent  and  typically  varies  from  120pF  to  3S0pF. 

Bach  VouT  pin  cm^  c^si<tere|  1^  i^^G^  pi^QgKanmable 
voltage  source  with  an  outpui  vota^: .-'      H  ! 

1       !        H  H 

VouTN— Dn.  Vref 

where  Dm  is  a  fractional  representation  of  the  d^Ul 
input  code  and  can  vary  from  0  to  255/256. 

The  output  impedance  is  that  of  ^iP6lt^iMffiSE3:  amfdifier  as 
described  in  the  following  section. 

OP  AMP  SECTION 

Each  voltage-mode  D/A  converter  output  is  buffered  by  a  imity 
gain  noninverting  CMOS  amplifier.  This  buffer  amplifier  is 
tested  with  a  2kn  and  lOOpP  load  but  will  typically  drive  a  2MI 
and  S0Op]F  load. 

The  AD7228  can  be  op^ted  single  or  dual  supply.  Operating 
the  part  from  single  or  dual  supplies  has  no  effect  on  the  positive- 
going  settling  time.  However,  the  negative-going  settUng  time  to 
voltages  near  OV  in  single  supply  will  be  slightly  longer  than  the 
settUng  time  for  dual  supply  operation.  Additionally,  to  ensure 
that  the  output  voltage  can  go  to  OV  in  single  supply,  a  transistor 
on  the  output  acts  as  a  passive  pull-down  as  the  output  voltage 
nears  OV.  As  a  result,  the  sink  capability  of  the  amplifier  is 
reduced  as  the  output  voltage  nears  OV  in  single  supply.  In  dual 
supply  operation,  ibe  foil  sink  capability  of  400|i.A  at  25°C  is 
maintained  over  the  entire  output  voltage  range.  The  single 
supply  output  sink  caj^bility  is  shown  in  Figure  4.  The  negative 
V^f.«^       Jn^royed.o^^^t  amijliGa;  p^on^iance  i^owiqg 
-m'^deodua^ki^pai^mea^  improved 
slew  Hte  at  the  output. 
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14M 

J  300 


 i 

1 

it 

.T»=  +25"C 

T.-* 

=  +15V 

OUTPUT  VOLTAGE  -  VOLTS 


Figure  A.  Single  Supply  Sink  Current 

The  output  broadband  noise  from  the  amplifier  is  300|iV  peak-to- 
peak.  Figure  S  shows  a  pk>t  of  noise  spectral  ijiaisjly.^gjgjj§jrj. 
fcequ«n«gr.         •  ,    _  "  '     ,  ,  „„a 


Zk  5k  10k  20k 
FREQUENCY  -  Ht 


Figures.  NoiseSpectral  Density  vs.  Frequency 
DIGITAL  INPUTS 

The  AD7228  digital  inputs  are  compatible  with  either  TTL  or 
5V  CMOS  levels.  All  logic  inputs  are  static-protected  MOS 
gates  with  typical  input  ciitieDts  of  less  than  InA.  Internal 
iiqmt  protiHXion  is  adiSMed  by  on-^^^teitaed^inte. 

SUFPLrCURIUENT 

The  AD7228  has  a  maximum  Idd  specification  of  22mA  and  a 
maximiim  Iss  of  20mA  over  the  -  SS'C  to  +  125°C  temperature 
range.  This  maximum  current  specification  is  actually  determined 
by  the  current  at  -  SSX.  Figure  6  A!cMtL  r^lM>0miitlmvc 
supply  current  versus  temperature. 


Figure  s.  Power  Supply  Cummt  vs.  Tempenature 
BEMt^ 


Am-nN^  THE  AD7228 
UNITOLAS  OUTPUT  OPERATION 

This  is  the  basic  mode  of  operation  for  each  channel  of  the 
AD7228,  with  the  output  voltage  having  the  same  positive  polarity 
as  Vref-  Connections  for  unipolar  output  operation  are  sbraiAU 
in  Figure  7.  The  AD7228  can  be  operated  from  single  or  dual 
mps^iet  aiL-gUdiiied eartia-.  The  viilag^gUidke itfeence  input 
ttuat  never  be  negative  widi  respect  to  'wtD.  FaOuce  to  observe 
precaution  may  cause  parasitic  transistor^jStinndM^Vbtsible 
device  destruction.  The  code  tabli:  for  ttnipoliif  buQnftf^eration 


+  12V  TO  +15V 


OV  OR  -SV 

Figure  7.  UhlpoMOiaptit^iM 

till 

DAC  Latch  Contenta 
MSB      La  ' 

1 1 1  1    1  1  11  V 

.  1 

1000  00^1 

i+V  (^] 

ig,ao  ooooi 

2 

0000   000  1 

+  Vref  (  ) 

0000  0000 

OV 

Note:  ILSB  =  (y^X^"^ 
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BIPOLAR  OUTPUT  OPERATION 

Each  of  the  DACs  on  the  AD7228  can  be  ih^vidtiaUyicbii&itiffed 
for  bipolar  output  operatioli.  Thi»  is  possible  usiiig  onk  eXWHiiial.' 
amplifier  and  two  leaMors  per  channel.  Figuie  S  ihotn^a  etccaii 
used  to  implement  offset  binary  coding  (bipolar  openiliaa)iMiitb  . 
DAC  >.of  the  AD7228.  In  this  ease  ->  ^vuV  « 

ratyi  m 

i  txna  »oai 

\ilid)>flA<^}S2>q3i)isaffl  3itainaq     -     in  loiititstnq  nib 

where  Di  is  a  fractional  representation  of  the  iMH'''  " 
latch  1  of  the  AD7228.  (0  «  D,  «  255/256). 

Mismatch  between  Rl  and  R2  causes  gain  and  offset  errors,  and 
therefore,  these  resistors  must  match  and  track  over  temperature. 
Once  again,  the  AD7228  can  be  operated  from  single  supply  or 
from  dual  supplies.  Table  III  shows  the  digital  code  versus 
output  voltage  rdationdrip  foi'tlte  dicuit  <(f  Figure  8  wMi 
R1  =  R2.  ' 


R1.  R2=10kjl  iO.1% 


Figures.  Bipolar OiflputCircuit 


DAC  Latch  Gonlciits 
MSB  IM 


11 1 1  V{,4!^,\«,ju01isi 

1000  0001 
1000- tfO'^iO'  -  •  ^ 
0  111    11 11     ■  • 
0000  0001 
OOlOO   0  0  00 


Analog  Output 


128 

OV  •■Jj 

-Vref  (  ^  ) 
-V™ 


Table  III.  Bipol^CodeTahle         '  ' 
AC  REFERENCE  SIGNAL 

In  some  applications  it  may  be  desirable  to  have  an  ac  signal 
applied  as  the  reference  input  to  the  AD7228.  The  AD7228  has 
multiplying  capability  within  the  upper  ( +  lOV)  and  lower  ( + 2V) 
limits  of  reference  vxdoge  <Rfl]^j>p^^^  m#  j^u)  sq^ies. 
Therefore,  ac  signals  deed  to  be  ac  coiipM  and  i^laeA  up  before 
being  applied  to  the  reference  input.  Figure  9  ^ws  a  sine-wave 
signal  applied  toihe  r^rendci^iK'af  te'jlB7228.  For  iiqnu 
frequencies  up  to  SOkHz,  the  an^ptl  (SatBRiQn  typkaUy  i 
less  than  0.1%.  The  typical  3ffi  bradwidtiii  for  small  ognal 
inputs  is  800kHz. 


Figures.  Applying  a  AC  Signal  to  the  AD7228 
TUONGDESraW 

A  common  problem  in  ATE  applkttiiMii  is  tfae  dmring  ^ 
"rounding-off'  of  signal  edges  by  the  time  they  reach  the  pin-driver 
circuitry.  This  problem  can  easily  be  overcome  by  "squaring-up" 
the  edge  at  the  pin-driver.  However,  since  each  edge  will  not 
have  been  "rounded-off"  by  the  same  extent,  this  "squaring-up" 
could  lead  to  incorrect  timing  relationship  between  signals.  This 
effect  is  shown  in  Figure  10a. 

The  circuit  of  Figure  10b  shows  how  two  DACs  of  the  AD7228 
can  help  in  overcoming  this  problem.  The  same  two  sigials  are 
applied  to  this  circuit  as  were  appUed  in  Figure  10b.  The  output 
of  each  DAC  is  appUed  to  one  input  of  a  high-speed  comparator, 
and  the  signals  are  appUed  to  the  other  inputs.  Varying  the 
output  voltage  of  the  DAC  effectively  varies  the  trigger  point  at 
which  the  comparator  flips.  Thus  the  timing  relationship  between 
the  two  signals  can  be  programmably  corrected  (or  deskewed) 
by  varying  the  code  to  the  DAC  of  the  AD7228.  In  a  typical 
appUcation,  the  code  is  loaded  to  the  DACs  for  correct  timing 
relationships  during  the  calibration  cycle  of  the  instrument. 


,    0g/J{m  H)^,Timg,  Skewing  Due  to  Slowing  of  Edges 


HIGH-SPE 
COMPARj 


ffgureltX).  AD72^Jjrn!ngOeikewClraiit 
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COARSE/FINE  ADJUST 

The  DACs  on  the  AD7228  can  be  paired  together  to  form  a 
coarse/fine  adjust  function  as  indicated  in  Figui^  11,  Tbe  fiinctisn 
is  achieved  using  one  external  op  amp  and  a  fitw  totMfil  pir 
pair  of  DACs. 

DACl  is  the  most  sigrrifirant  or  coarse  DAC.  Dau  is  first  loaded 
to  this  DAC  to  coarsely  set  the  output  voltage.  DAC2  is  then 
used  to  fine  time  this  output  voltage.  Varying  the  ratio  of  Rl  to 
R2  varies  the  relative  effect  of  the  coarse  and  fine  DACs  on  the 
output  voltage.  For  the  resistor  values  shown,  DAC2  has  a 
resolution  of  ISOfiV  in  a  lOV  output  range.  Since  each  DAC  on 
the  AD7228  is  guaranteed  monotonic,  the  coarse  adjustment 
and  fine  adjustment  are  each  monotonic.  One  application  for 
this  is  as  a  set-point  controller  (see  "Circuit  Applications  of  the 
AD7226  Quad  QMQS  DAC"  available  from  Analog  Devices, 


HffUMill.  iSiimmmVineAditmClmiit 

SELF-PROGRAMMABLE  REFERENCE 

The  dicuit  of  Kguie  12  diows  how  erne  DAC  of  the  AD7228, 
in  this  case  DACl,  may  be  used  in  a  feedback  configuration  to 
ptnvitte  «  jTOPTOmaMr.  nfesBoee  fa'  iadf  and  the  other  seven 
eoBMmm.  ttie  nMaaiHlR  laf  Viw  <o  Vo<  >s  taptaaed  fay 


q+G) 

(l+G-D,) 


where  G  »  R2/R1 


Figure  12.  Self-Programmable  Reference 

Figure  13  shows  typical  plots  of  Vref  versus  digital  code,  Di, 
for  three  diffoent  values  of  G.  With  Vin=2.SV  and  G=3  the 
voltage  at  the  ouqmt  varies  between  2.SV  and  lOV  giving  an 
effective  10-bit  dynamic  range  to  the  other  seven  conweneis. 
For  correct  operation  <^  the  cucuit>  Vgs  should  be  -SV  and  Rl 


1      I  1 
Vdo=-I-15V 

V 

-5V 

\ 

-A 

— 

f 

^1 

r: 

=2f 

1 

f 

/ 

1 

Diami  CODE  -  MCHML  EomvMaar 


SV  SINGLE  SUPPLY  OraUTION 

The  AD7228  can  be  di^ented  &om  a  single  +SV  power  supply 
resulting  in  only  sligUd^  degraded  accuracy  performance  from 
the  part.  Figure  14  shows  a  typical  plot  of  relative  accuracy  for 
the  part  with  5V  Vdd  and  a  reference  voltage  of  +  1 .23V.  One 
important  parameter  which  retains  its  specified  performance  is 
differential  nonlinearity  which  remains  within  ±  ILSB  ensuring 
that  the  DACs  on  the  AD7228  remain  monolMic  ova  the  output 

voltage  range.   —lie  ' 

The  output  transfer  fimction  sits  on  top  of  the  amplifier  o^et 
voltage.  Since  the  reference  voltage  is  reduced,  the  offset  voltage 
amounts  to  a  few  LSBs.  For  parts  with  a  true  negative  offset 
(when  Vss  =  —  5V),  the  transfer  function  does  not  move  off  the 
bottom  rail  for  the  first  few  LSBs  of  code.  After  this  the  transfer 
function  will  continue  as  normal.  The  relative  accun^  {lit  Of 
Figure  14  is  for  a  part  with  a  true  positive  offset. 

The  required  overhead  voltage  of  3.SV  must  be  maintained 
between  Vod       the  reference  voltage  which  limits  the  reference 
voltage  range.  However,  operating  the  part  from  a  single  +  SV 
supply  gives  a  considerable  reduction  in  power  dissipation  (to 
typically  30m W).  The  digital  input  threshold  levels  and  digital 
input  currents  are  not  affected  by  operating  the  part  from  the 
ain^  +SVn:^ty. 


vS-ov 

V„=-f  1.23V 


Figure  14.  Relative  Accuracy  at  +5VVod 
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ADDRESS  BUS 


IT 


— f  DB7 

DBO 
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•ADDITIONAL  PINS  OMITTED  FOR  CLARITY 


uqfua  irfl' 
-tii  .»3Wlov 

Figure  16.  AD72S8tom>^^2niiBrmi>''«^ 

-  -  ^jV  nwfw) 

iviic  »<.uu>cq  ainj  i.  •  ,  ..  .l    ;  >!  ■.  ii>!  ^ 


DTAPC  ' 


ADDRESS  ^ 
_    DECODE        ^  I   A 


~3 


■ADDinONAI-PINS  OMFTTEO  FOHCLAHITy 


PI  .2 
PI -3 
PI  .4 
P1.5 
P1.6 
PI. 7 


•ADDITIONAL  PINS  OMITTED  PORSLAflFTV 
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Figure  18.  Am228>mM&-mmmfHm 
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FEATURES 

Eight  8-Bit  DACs  with  Output  Amplifiers 
Operates  with  Single  or  Dual  Supplies 
|i.P  Compatible  (95ns  WR  Pulse) 
No  User  Trims  Required 

Skinny  24-Pin  DIPs,  SOC.  uia,9^Tm(n^%^ 
Mount  Packages   -  " 


FUNCTIONAL  BLOCK  DIAGRAM 


<3  0- 

-bp  i^F 


waiV  j 

1  3 

yutrr.  "Kr,,  ! 

1 

GENERAL  DESCRIPTION 

The  AD7228A  contuns  eight  8-bit  voltage-mode  digital-to-analog 
cdmerten,  widi  ouqwt  buffer  amplifiers  and  imei&ce  logic  on 
a  single  monolithic  diip.  No  external  trims  ate  required  to 
achieve  full  specified  performance  for  the  part. 

Separate  on-chip  latches  are  provided  for  each  of  the  eight  D/A 
coDveneis.  Data  is  transferred  into  the  data  latches  ^trough  a 
common  8-bit  TTL/CMOS  (SV)  compatible  iiqput  port.  Address 
iignts  AO,  Al  and  A2  determine  whidi  latch  a  loaded  wben 
WR  goes  low.  The  contiol  logic  is  speed  compatib^  trith  most 
8-bit  microprocessors. 

Specified  performance  is  guaranteed  for  input  reference  voltages 
from  +  2  to  +  lOV  when  using  dual  supplies.  The  part  is  also 
specified  for  single  supply  +  15V  operation  using  a  reference  of 
+  lOV  and  sin^  supply  +5V  operation  using  a  reference  of 
+  1.23V.  Each  output  buffer  amplifier  is  capable  of  developing 
+  lOV  across  a  2kfi  load. 

The  AD7228A  is  fabricated  on  an  all  ion-implanted,  high-speed, 
Linear  Compatible  CMOS  (LC^MOS)  process  which  has  been 
specifically  developed  to  integrate  high-speed  digital  logic  circuits 
and  pirriiiinn  iiuilfig  ci»eiii|gjO-the  ame  drip.-.  .  - 


PRODUCT  HIGHUGHTS 

1.  Eight  DACs  and  Amplifiers  in  Small  Package 

The  single-chip  design  of  eight  8-bit  DACs  and  amplifiers 
allows  a  dramatic  reduction  in  board  space  requirements  and 
offers  increased  reliability  in  systems  using  multiple  converters. 
Its  pinout  is  aimed  at  optimizing  board  layout  with  all  analog 
inputs  and  outputs  at  one  side  <^-llie  package  and  all  digital 
inputs  at  the  other. 

2.  Single  or  Dual  Siq>ply  Operation 

The  vidtage-mode  configmation  of  the  DACs  allows  single 
sappty  i^eratirai  of  the  AD7228A;  The  pert  can  also  be 
operated  with  dual  supplies  giving  enhanced  i>9fs>i 
some  parameters. 

3.  ABcrofjecwepr  Coe^pat^bilit^ 

The  AD7228A  has  a  common  8-lnt  dau  bus  widt  indhridiul 
DAC  latches,  providing  a  versatile  control  architecture  for 
simple  interface  to  microprocessors.  All  latch  enable  signals 
are  level  triggered  and  speed  compatible  with  most  high- 
pofoimance  8-bit  microprocessors. 
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AD7228A-SPECIFICATI0NS 

DUAI.S|jePLYS[°°= 


:  10.8V  to  16.5V;  Vss  =  - 
2)(n,  Ci  =  lOOpF  unless 


-5V  ±10%;  GND  =  OV,  Vbo:  =  +2V  to  +10V'; 
othemnse  stated.)  All  specificatians     to  T.^  f^Si^^'f' J'Sb  * 


AB 

AC 

AT 

AU 



Parameter 

Version^ 

Version 

Version 

Version 

UniU 

~  RciulmiDD 

8 

Bits 

I  om  uii>a|usica  ciroi 

+  2 

LoB  max 

Vm>  ~  *  I3T  X  IVWf  V]UBP  "  *  lUY 

Relative  Accur3cy 

+  I 

±  1/2 

±  1 

±  1/2 

LSB  max 

Differential  Nonlincahty 

1:1 

±1 

±1 

±1 

LSBmax 

Guaranteed  Monotonic 

FuU-Scalc  Error* 

±1 

±1/2 

±1 

±1/2 

LSB  max 

Typical  tempco  is  5ppm/°C  with  Vref  =  +  lOV 

Zero  Code  Error 

@25X 

±25 

±15 

±25 

±15 

mV  max 

Typial  ttmpco  »  30m>V/°C 

Tnun  loTn^ 

3:30 

±20 

±30 

±20 

mVmax 

■ 

Minimum  Load  Resistance 

2 

2 

2 

2 

kflmin 

REFERENCE  INPUT 

Voltage  Ranse' 

2talO 

2talD 

2  to  10 

2  to  10 

Vmin  to  Viout 

Iiqut  Reststance 

2 

2 

2 

2 

kOmin 

Input  Capacitance' 

SOO 

500 

SOO 

500 

pFnux 

Qccius«tei>e*6ftOACittoifciiwttU<H  Is. 

AC  Feedthrofigh 

-70 

-70 

-70 

-70 

dBtyp 

DIGITAL  INPUTS 

Input  riign  Voltage,  vnm 

2.4 

2.4 

2.4 

2.4 

Vmin 

Input  Low  Volta^Cf  Vh^l, 

0.8 

0.8 

0.8 

0.8 

Input  Leakage  Current 

±  1 

±  1 

±  1 

)iAmax 

Vm-OVotVdd 

Input  Capacitance^ 

g 

g 

g 

g 

pFmax 

Input  Coding 

Binary 

Binary 

Binaiy 

Binary 

DYNAMIC  PERFORMANCE' 

Voltage  Output  Slew  Rate 

2 

2 

2 

2 

V/H.smin 

Voltage  Output  Settling  Time 

Positive  Fall-Scale  Change 

5 

5 

5 

5 

p,$  max 

VREF    -t- luv; aettling  limeto  ±  1/ZL.OJ3 

Negative  Full-Scale  Change 

5 

5 

5 

5 

Vref  =  +  lOV;  Settling  Time  to  ±  1/2LSB 

Digital  Feedthrough 

50 

50 

50 

50 

nV  sees  typ 

Code  transition  alios  toail  Is.  V|^p  =  OV;WR  =  Vdd 

Digital  Crosstalk' 

50 

50 

50 

50 

nVsecs  typ 

Code  transition  alios  to  all  Is.  Vref  =  +10V;WR=0V 

POWER  SUPPLIES 

Vdd  Range 

10.8/16.5 

I0.8/I6.5 

10.8/16.5 

10.8/16.5 

For  Spediied  Perforauooe 

VssRaqie' 

-4.5/-5.5 

-4.5/- 5.5 

-4.5/- 5.5 

-4.5/-5.5 

For.S|wrifif<tPBSiuMiimce  *  ^  ■ 

Ouq^Vnlnded:yiN=yi^arypiK   ^  „    ,  . 

@2S-C 

16 

16 

16 

16 

mA  max 

T_loT|„ 

20 

20 

22 

22 

mAmax 

Iss 

OuiiiaBUiilliadedtViN«1i^i43<iKXiMi          ~'  -l' 

@25°C 

14 

14 

14 

14 

.  ,         it..    -  -..        3«biA  bnj:     '   .  -V- 

T^toT^ 

18 

18 

20 

20 

mAjivt  ■ 

'  -  ■  -  'rv-       ',,■.  ■!  ir-ii'Tr  i»rr  . 

ClUri  C  CIIDDI  V?*^""  =  +15V  ±10%,Vss  =  END  =  OV;V^  =  +10V;Ri  =  an.Ct  =100pF 
OlNuLt  OUrrLT  uilessolhennse  stated.) Ml speciflcalMnsT^ to T,„unles 


STAT^n3a>c»uuSrcE^ ' 

■^^n  :  

Resolution 

8 

8 

8 

8 

Bits 

•■•     . 'Ofi    '    ■  ■ 

Total  Unadjusted  Error^ 

±2 

±2 

±1 

LSBmax 

Differential  Nonlinearity 

±1 

±1 

±1 

±1 

LSBmax 

Guaranteed  Monotonic  ^ 

Minimum  Load  RfSimmr 

2 

2 

2 

2 

kHmin 

Vour=+10V 

REFERENCE  INPUT 

InpacResistaiice 

2 

2 

2 

2 

kOniin 

Input  Capocitaiice' 

no 

500  ■ 

500 

SOO 

pFmax 

Occtus  whq^each  DAC  is  loaded  with  all  Is. 

DIGITAL  INPUTS 

As  per  Dual  Supply  Specifications 

DYNAltUC  PERFORMANCE' 

Voluge  Output  Slew  Rate 

2 

2 

2 

2 

V/ixsmin 

Voltage  Output  Settling  Time 

Positive  Full-Scale  Change 

5 

5 

5 

5 

p.smax 

Settling  Time  to  ±  1/2LSB 

Negative  Full-Scale  Change 

7 

7 

7 

7 

fismax 

Settling  Time  to  ±  1/2LSB 

Digital  Feedthrough 

50 

50 

50 

50 

nV  sees  typ 

Code  transition  all  Oslo  all  Is.  Vrep  =  OV;WR=V0d 

Digital  Crosstalk' 

50 

50 

50 

50 

nVsecstyp 

CodetransitionallOstoallls.  Vr£f=  +10V;WR=0V. 

POWER  SUPPLIES 

Vdd  Range 

13.5/16.5 

13,5/16.5 

13.5/16.5 

13.5/16.5 

Vmin/V  gigjE 

For  Specified  Performance 

Idd 

Outi)iiBUidaKkd;V|N=V|NLorV|NH 

@25»C 

16 

16 

16 

16 

mAmax 

T^loT„ 

20 

20 

22 

22 

mAmax 

'VouT  i°u>t  be  less  than  Vqd  by  3.5V  to 
'TeinpcranuT  nnges  are  u  follows: 
AB,  C  Vemon»i  -  VTC  to  +  SS'C 
AT,  U  Venkmsi  -  SSX  to  +  125*C 
>TaBdUI 


%rfcdBBd  lite  am»  uuig.iMii  ^iiiii?iiiiw>aiMt'ir 


^Um^  lesed  U  25^^  to  on 

*The  glitdi  impnlae  tmnflened     dw  output  of  one  convener  (not  addressed) 
^due  to  I  dianve  in  die  digbil  ii^ut  code  to  ukodier  addressed  converter. 

»  SV  qpemioQ  tt  also  pawble  widi  dcpaded  perfnnimoe  («ee  Figiuc  14). 
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+  3V  oUrrLl  UrcKA I  lUW unless ollwwisesM»A)iMispecilk!^ 


Pinmeter 

A07228AB 

AD7228AC 

AD722MT 

AD7228AU 

Units 

STATIC  PERFORMANCE 
Resolution 
Relative  Accuracy 
Differential  Nonlinearity 
FuU-Scak  Error 
'  ZeroCttdc&itv 

8 

±2 
±1 
±4 

±30 
±40 

8 

±2 
±1 
±2 

±20 
±30 

8 

±2 
±1 
±4 

±30 
±40 

8 

±2 

±2 

±20 
±30 

Bits 

LSBmu 
LSBnuz 
LSBmax 

mV  max 
mVnux 

-r        .i;i<_t-'    .-ni . '  ■ 
Guinnttfid  Miino(ooi& 

lEEFEREN'CE  DMT 
Reference  Input  Range 

1.2 

1.3 

1.2 
1.3 

1.2 
1.3 

1.2 
1.3 

Vmin 
Vnux 

ReferoDce  Input  Resimnce 
Reference  Input  Cipacinmce 

2 

soo 

2 

SOO 

2 

SOO 

2 

SOO 

kit  nun 
pFmax 

POWER  REQUIREMENTS 
Poatne  Supply  IUdsb 
Positive  Si^ipfy  Cnimt 

NegniieSiiiiplyCanan 

@25"C 
T,rin<oT„ 

4.75/5.25 

16 
20 

14 
18 

4.75/5.25 

16 
20 

14 

18 

4.75/5.25 

16 
22 

14 

20 

4.75/5.25 

Vmin/V  nux 

For  Specified  Pttfivnunce 

16 
22 

14 

20 

!!  It 

WOO  ^ 

NOTES 

All  other  ^icdficariopt  i  per  Dual  Supply  SpcctfiarioM  p 
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SWITCHING  CHARACTERISTICS^- ^see 


Fipiras  1. 2; Vgo  =  +5V  ±  5% or  +10JIVtD  +16JV; =  War  -5V  ±10%) 


Limit  at  25X 
ittni  AllGndca 

Limit  at  T_,T_„     Limit  at  T_i„T_„ 

(K.L,B,CGwla>)      (T.UGndM)       Uaib  CoadUou/Conmwnta 

11 

u 
ti 
u 

ts 

0 

70 
10 

■  95 

O  'ni^tnOW-  g                            AAhetatoWR  Setup  Time 
0                         0                 nmin    Addieas  to  WR  Hold  Time 
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INTERFACE  LOGIC  INFORMATION 
Address  lines  AO,  Al  and  A2  select  which  DAC  accepts  data 
bom  die  input  port.  Table  I  shows  the  selectioii  uble  for  the 
eigjit  DACs  with  Figure  1  showing  the  iaput  conool  logic. 
Vhen  the  WR  signal  is  low,  the  input  latch  of  the  selected 
DAC  is  transparent,  and  its  ou^ut  responds  tb  'aicdvity  on  the 
dau  bus.  The  data  is  latched  into  the  addressed  DAC  bitch  on 
the  rising  edge  of  WR.  While  WE  is  high,  the  analog  outputs 
remain  at  the  value  corresponding  to  the  data  held  in  their 
respective  latches. 


A07228A  Control  Inputs 

AD7228A 

WR  A2 

Al 

AO 

Operation 

H  X 

X 

X 

No  Operation 

Device  Not  Selected 

L  L 

L 

L 

DAC  1  Transparem 

f  L 

L 

L 

DAC  1  Latched 

L  L 

L 

H 

DAC  2  l^mspvent 

L  L 

H 

L 

DAC  3  Transparent 

L  L 

H 

H 

DAC4Tnnipirent 

L  H 

L 

L 

DACSTnnqpucnt 

L  H 
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H 

DAC6Tnii«ucni 

L  H 
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DACTlniliifnat 

L  H 
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DACSTamami 
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VoDtiA'mmjiJPm.^   -0.3V,  +17V 

VDDtoVss  -0.3V,  +24V 

Digital  Input  Volti«e  to  GND    -  0.3V,  Vdd 

VrefIoGND   -0.3V,  Vdd 

VouT  to  GND'  ,Tf,sit>  Vdd 

Power  Dissipation  (Any  P»cl^)  to  +75°C    .  .  . ..  .  IWOmW  . 

Derates  above  75°C  by  «riiMiw«Mli»ui»iT.  .  .  .  ,  .  T^WPC  ^ 

Operating  TemperatUilr 
Commercial  -40°C  to  +85°C 

Industrial  ,  .  ,  ,  j  -4Ke  ,tO  +85''C 

Extended   ....... ,  .  f-S!ycWTFI25°C 


:  Temperature  -65°C  to  +  150°C 

Lead  Temperature  (Soldering,  lOsecs)    +300°C 


NOTE 

^Outputs  may  be  shorted  to  any  voltage  in  the 
ihat  the  power  diaupatUn  of  the  jaiiaig^ 
drcoit  cun^  for  a  short  ttf  C^ID  or  V; 


to  Vdd  provided 


^Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may 
cause  pennanent  damage  to  the  device.  This  is  a  stress  rating  only  and 
functional  operation  of  the  device  at  these  or  any  other  conditions  above 
those  indicated  in  the  operational  sections  of  this  specification  is  not 
implied.  Exposure  to  absolute^iflUaniffifiatiiig  conditions  for  extended 
periods  may  afTect  device  reliability.  ' 


CAUTION:  

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  de^^^^}ji^be_^ored  in  conductive  foam  or  shunts.  The  protective  foam 
should  be  ^Mt^ii  ti4iii!M^Mtt  socket  before  devices  are  inserted. 


PIN  CONFIGUKATIC»fS 
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CIRCUIT  iNFORMA-flON 
D/ASEI$tION       ■'  '  i 
The  AD7228A  contains  eight  Mdfttstt,  S-Wt,  voltage-motte 
digital-to-analog  converters.  The  output  voltages  from  the  feon- 
verters  have  the  same  polarity  as  the  reference  voltage,  aUowing 
single  supply  operation.  A  novel  DAG  switch  pair  arrangement 
on  the  AD7228A  allows  a  reference  voltage  range  from  +  2V  to 
+  lOV.  Each  DAC  consists  of  a  highly  stable,  thin-film,  R-2R 
ladder  and  eight  high-speed  NMOS  switches.  The  simplified 
circuit  diagram  for  one  channel  is  shown  in  Figiire  3.  Note  that 
Vref  (Pin  1 1)  and  GND  (Hb  1^)  ate  cuaiDW  to  all  eight 
DACs. 


ORDERING  GUIDE 


Total 

Temperature 

Unadjusted 

Package 

Model' 

Range 

E^r(LSB) 

Option^ 

AD7228ASN 

^WCto 

-l-85''C 

±2  max 

N-24 

AD7228ACN 

-40°Cto 

-l-85°C 

±  Imax 

N-24 

AD7228ABP 

-40°Cto 

-t-ss-c 

±2  max 

P-2gA 

AD7228ACP 

-40°Cto 

-l-85°C 

±  Imax 

P-28A 

AD7228ABR 

-40°Cto 

+  S5''C 

±2  max 

R-24 

AD722gACR 

-40°Cto 

+  SS5°C 

±  1  max 

R-24 

AD7228ABQ 

— «)°Cto 

-H85°C 

Q-24 

AD7228ACQ 

-40°Cto 

-t-85°C 

^  l.jnp, , 

Q-24 

AD7228ATQ' 

-55X10 

±lnak 

Q-24 

AD7228AUQ' 

-55°Cto 

-1-  125°C 

±  Imax 

Q-24 

NOTES 

'To  order  MIX.-STD-883,  Class  B  processed  parts,  add  /883B  to  part 
number.  Contact  your  local  sales  office  for  military  data  sheet  and 
availability. 

=  Plastic  DIP;  P  =  Plastic  Leaded  Chip  Carrier  (PLCC); 
Q  =  Cerdip;  R  =  Small  Outline  IC  (SOIC}.  For_qj5i!^-il&mi«ltjw,l 
Paekage Irtsmaation section.'  ' 

^Tfainfr  grades  will  be  available  to  /883B  processing  onl^;*'-** 
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Figures.  D/A  Simplified  Circuit  Diagram 

The  input  impedance  at  the  Vref  pin  of  the  AD7228A  is  the 
parallel  combination  of  the  eight  individual  DAC  reference 
input  impedances.  It  is  code  dependent  and  can  vary  from  2kO 
to  infinity.  The  lowest  input  impedance  occmrs  when  all  eight 
DACs  are  loaded  with  digital  code  01010101.  Therefore,  it  is 
important  that  the  external  reference  source  presents  a  low 
output  impedance  to  the  Vref  terminal  of  the  AD7228A  under 
changing  load  conditions.  Due  to  transient  currents  at  the  reference 
input  during  digital  code  changes  a  0.  1m.F  (or  greater)  decoupling 
capacitor  is  recommended  on  the  Vref  input  for  dc  applicatioiig. 
The  nodal  capacitance  at  the  reference  terminal  is  also  code 
dependent  and  typically  varies  from  120pF  to  3S0pF. 

Each  VotjT  pin  can  be  considered  as  a  digitally  programmable 
voltage  source  with  an  output  voltage: 

where  Di^48%"fr&lio^  repre&nuition  of  &e  di^tad 
input  code  and  can  vary  from  0  to  2SS/2S6. 

The  output  impedance  is  that  of  the  output  buffer  amplifier  as 


6!. 


or  AMP  SBCmON 

Each  vctogfe-mode  D/A  canvecter  ouiinit  is  buffered  bj^  a  mnty 
gain  noninverdng  CMOS  amplifier.  This  buffer  amplifier  is  ' 
tested  with  a  2kn  and  lOOpF  load  but  will  typically  drive  a  2kn 
and  SOOpF  load. 

The  AD7228A  can  be  operated  single  or  dual  supply.  Operating 
the  part  from  single  or  dual  supplies  has  no  effect  on  the  positive- 
going  settling  time.  However,  the  negative-going  settling  time  to 
Dotages  near  OV  in  single  supply  will  be  slightly  longer  than  the 
nKOliHg  time      dual  siqqily  i^MntioiL:  Additionally,  toieraiue 
Att     wtput.voitage  OMgajto  OV;in  single  suiqdy,  a  tnnaistv 
the.  onqpttaets^ira  pasiive.  piA'down'as  the  onQmt  voltage ' 
nelEif^~.:  Asifticaut^^ttlt  sinkcqKdnlity  eS  die  ampUfieriis  ■ 
reduced  as  the  output  voltage  nears  OV  in^  single  su^y.  la^^pd 
supply  operation,  die  full  sink  capability  of  400|juA  at  2SX  is 
maintained  over  the  entire  output  voltage  range.  The  single 
supply  output  sink  capability  is  shown  in  Figure  4.  The  negative 
Vss  also  gives  improved  output  amplifier  performance  <fl 
an  extended  input  refer«ice  voltage  range  lu^^vin^  tef 
slew  rate  at  the  output. 


J  MO 


 i 

25°C 

T»=  + 

125°C 

=  +  1SV 

Vss 

OUTPUT  VOLTAGE  -  VOLTS 


Figure  4.  Single  Supply  Sink  Current 

The  output  broadband  noise  from  the  amplifier  is  300(iV  peak-to- 
peak.  Figure  S  shows  a  plot  of  noise  giectral  doisity  versus 
fiequency.  '  '  '  ■  '' ' 


Figured.  Noise  Spietral  Density  vs.  Frequency 
DIGITAL  INPUTS 

The  Ab7228A  digital  inputs  are  compatible  with  either  TTL  or 
5V  CMOS  levels.  All  logic  inputs  are  static-protected  MOS 
gates  with  typical  input  currents  of  less  than  InA.  Internal 
input  proteetian  jaad^emi     4»<«Up^siriba^  diodn. 


The  AD7228A  fas  a  |M3iiihMhi  I^b  gxisgSBMBl  or22iiiA  and  a 
maximum  Iss  of  20i|iA  the  -j-  SS°C  8^  4-41$%  tbmperature 
range.  This  maximum  cunmt  qwificarion  jijgrwafe'^^gnw'Bgjl 
by  the  current  at  -SSX:.'^^^int  fiaho«s  a^pEUpyi  «ipeiMK 

r  current  versus  temperature.         0  0  0  0  0  <i  9 1 
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APPLYING  THE  AD7228A 
UNIPOLAR  OUTPUT  OPERATION 

This  is  the  basic  mode  of  operation  for  each  chaimel  of  the 
AD7228A,  with  the  output  voltage  having  the  same  positive 
polarity  as  Vref-  Comiections  for  unipolar  output  operation  are 
shown  in  Figure  7.  The  AD7228A  can  be  operated  from  single 
or  dual  supplies  as  outlined  earlier.  The  voltage  at  the  reference 
input  must  never  be  negative  with  respect  to  GND.  Failure  to 
observe  this  precaution  may  cause  parasitic  transistor  action  and 
possible  device  destruction.  The  code  table  for  unipolar  output 
1  is^sho^.in  Table  II. 


^111 

CONTROL 
LOCK 

MSB 

LSB 

1111 

1111 

1000 

OOP  1 

1000 

0000 

6111 

1111 

0000 

000  1 

0000 

0000 

Analog  Output 

-v„.(l) 

.  „    (  m-\._  .iilmwj  ^krain 

+  »REF  V  256  ^  ~  *  2 
+Vref  (  25g  ] 

ov 


W56  ' 

127  ' 
"«»  \  256  ' 


Note:  ILSB  .  (V,EfX2"')  =  Vmf(  JSg  ) 

'         Table  II.  Unipolar  Code  Table 
BIPOLAR  OUTPUT  OPERATION 

Each  of  the  DACs  on  the  AD7228A  can  be  individually  configured 
for  bipolar  output  operation.  This  is  possible  using  one  external 
amplifier  and  two  resistors  per  channel.  Figure  8  shows  a  circuit 
used  to  implement  oSset  binary  coding  (bipolar  operatiiia^;  «^ 
DAC  1  of  the  AD7228A.  In  this  case 


(l-i)-(D,-V^.)-(|f).(V« 


f) 


With  Rl  =  R2 

VouT  =  (2D,  -  1)  ■  (Vref) 
where  D,  is  a  fractional  representation  of  the  digital  word  in 
latch  1  of  the  AD7228A.  (0  s  D,  «  255/256) 

Mismatch  between  Rl  and  R2  caus^.gain  and  offset  errors^ 
ib^i»^x,  ilteie  ri^nestors       match  ^ndl^^^jiVer,  ^s^^^ii,. 


til- 


R1.  R2=10hll  ±0.1% 


Figures.  Bipolar  Output  Circuit 


DAC  Latch  Contents 
MSB  LSB 


Analog  Output 


1111  1111 

1  000  000  1 

1000  0000 

0  111  1111 

0000  000  1 

0000  0000 


Vref  (  1^  , 


'  127  ' 
>  128  ' 
'128' 


m336  -asmurTo^AmALBmrnvmrnm 


or  from  dual  supplies,  iable  111  shows  the  digital  code  versus 
output  voltage  relationship  for  the  circuit  of  Figure  8  with 
R1  =  R2. 

AC  REFERENCE  SIGNAL 

In  some  applications  it  may  be  desirable  to  have  an  ac  signal 
applied  as  the  reference  input  to  the  AD7228A.  The  AD7228A 
has  multiplying  capability  within  the  upper  ( +  lOV)  and  lower 
(+2V)  limits  of  reference  voltage  when  operated  with  dual 
supplies.  Therefore,  ac  signals  need  to  be  ac  coupled  and  biased 
up  before  being  applied  to  the  reference  input.  Figure  9  shows  a 
sine-wave  signal  applied  to  the  reference  input  of  the  AD7228A. 
For  input  frequencies  up  to  50kHz,  the  output  distortion  typically 
remains  less  than  0.1%.  The  typical  3dB  bandwidth  for  small 
iHgaaL  inputs  is  800kHz. 


+  isy 

+  10V 


figure  9.  Applying  a  AC  Signal  to  the  AD7228A 
TIMING  DESKEW 


A  common  problem  in  ATE  applications  is  the  slowing  or 
"rounding-off '  of  signal  edges  by  the  time  they  reach  the  pin-driver 
circuitry.  This  problem  can  easily  be  overcome  by  "squaring-up" 
the  edge  at  the  pin-driver.  However,  since  each  edge  will  not 
have  been  "roimded-ofF'  by  the  same  extent,  dus  "squaring-up" 
could  lead  to  jnconect  tiiiii^^jjid^Ql^^  jjjjg^m  This 
effect  is  shown  in  Figiu%  lOa. 

The  circuit  of  Figure  lOb  shows  how  two  DACs  of  the  AD7228A 
can  help  in  overcoming  this  problem.  The  same  two  signals  are 
applied  to  this  circuit  as  were  applied  in  Figure  lOb.  The  output 
of  each  DAC  is  applied  to  one  input  of  a  high-speed  comparator, 
and  the  signals  are  applied  to  the  other  inputs.  Varying  the 
output  voltage  of  the  DAC  effectively  varies  the  trigger  point  at 
which  the  comparator  flips.  Thus  the  timing  relationship  between 
the  two  signals  can  be  programmably  corrected  (or  deskenied) 
by  varying  the  code  to  the  DAC  of  the  AD7228A.  Iii  a  rgpical 
application,  the  code  is  loaded  to  the  DACs  for  correct  tuning 


'J.1.1SI11J  -..t'  !'.s.ii  esalli  -.'V  ;.'  )  luffoilawfi      «  i- 


REV.O 


Figure  10b.  AD7228A 


COARSE/FINE  ADJUST 

The  DACs  on  the  AD7228A  can  be  paired  together  to  form  a 
coarse/fine  adjimfunctiQii  as  indicated  in  Figure  11.  The  function 
is  achieved  uMag^iiB  afflfmal  op  anq*  and  a  feif  naaton  per 
pair  of  DACs.     "  ^ '  ' 

DACI  is  the  most  significam  or  coarse  DAC.  Ditta  is  first  loaded 
to  this  DAC  to  coarsely  set  the  output  voltage.  DAC2  is  then 
used  to  fine  tune  this  output  voltage.  Varying  the  ratio  of  Rl  to 
R2  varies  the  relative  effect  of  the  coarse  and  fine  DACs  on  the 
output  voluge.  For  the  resistor  values  shown,  DAC2  has  a 
resolution  of  lSOp,V  in  a  lOV  output  range.  Since  each  DAC  on 
the  AD7228A  is  guaranteed  monotonic,  the  coarse  adjustment 
and  fine  adjustment  are  each  monotonic.  One  application  for 
this  is  as  a  set-point  controller  (see  "Circuit  Applications  of  the 
AD7226  Quad  CMOS  DAC"  available  from  Analog  Devices, 
PuUication  Number  £873-15-11/84). 
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Figure  11.  Coarse/Fine  Adjust  Circuit 

SELF-PROGRAMIMABLE  REFERENCE 

The  circuit  of  Figure  12  shows  how  one  DAC  of  the  AD722gA, 
in  this  case  DACI,  may  be  used  in  a  feedback  configuration  to 
provide  a  programmable  reference  for  itself  and  the  other  seven 
converten.  The  rrtationiihip  of  Vbbp  »o  Vm  "  "t"  by 
(l+G) 


(l+G-D,) 


whoe  G  =  R2/R1 


1  tlSV 

Vdo 

AD722BA* 

v„ 

ONO 

-5V 

Figure  12.  Self-Programmable  Reference 


voltage  at  dKjnitput  vanes  betneiin  2,SV  and  lOV  giving  an 
effective  lO^fait  dynamic  range  to  ijie  other  seven  converters. 
For  Gociect  operation  of  the  circuit,  Vss  should  be  -  SV  aql  Rl 
grater  than  6.gkn. 


so    96  112  128  144  160  176  192  208  224  240  2SS  , 
DIGITAL  CODE  -  DEOMAL  EQU(VA1£NT 

Fl^urelS.  Variation  Of  VBEFyntH  Feedback  Configuralion 
5V  SINGLE  SUPPLY  OPERATION 

The  AD7228A  can  be  operated  from  a  single  +  5V  power  supply 
resulting  in  only  slightly  degraded  accuracy  performance  &om 
the  part.  Figure  14  shows  a  typical  plot  of  relative  accuracy  for 
the  part  with  5V  Vdd  and  a  reference  voltage  of  +  1.23V.  One 
important  parameter  which  retains  its  specified  performance  is 
differential  nonlinearity  which  remains  within  ±  ILSB  ensuring 
that  the  DACs  on  the  AD7228A  remain  monotonic  over  the 
output  voltage  range. 

The  output  transfer  fimction  sits  on  top  of  the  amplifier  offset 
voltage.  Since  the  reference  voltage  is  reduced,  the  offset  voltage 
amounts  to  a  few  LSBs.  For  parts  with  a  true  negative  offset 
(when  Vss=  ~5V),  the  transfer  function  does  not  move  off  the 
bottom  rail  for  the  first  few  LSBs  of  code.  After  this  the  transfer 
fimction  will  continue  as  normal.  The  relative  accuracy  plot  of 
Figure  14  is  for  a  part  with  a  true  positive  offset. 

The  required  overhead  voltage  of  3.SV  must  be  maintained 
between  Vdd  snd  the  reference  voltage  which  limits  the  reference 
voltage  range.  However,  operating  the  part  from  a  single  +  SV 
supply  gives  a  considerable  reduction  in  power  dissipation  (to 
typically  SOmW).  The  digital  input  threshold  levels  and  digital 
input  currents  are  not  affected  by  iqjcrating  the  put  from  the 
+5\  supply. 


 Vbo^+SV 

'  Vm-DV 


.Re«;10 


^|plMI4.  lielativaAeairaeyat  +syVoo 

DIGiTAL-TO-ANALOG  CONVERTERS  2-337 


'microprocessor  interfacing 


ADDRESS  BUS 


ADDRESS  BUS 


_i  z_ 


3 


•ADOmONAL  PtNS  OMITTED  FOR  CUUtfTV 


WW 
DTACK 


WR 

AD7228A" 

DB7 

DBO 


"AOOmONALPmS  OMITTED  FOR  OAMTV 


Figure  15.  AD7228A  to  8085A/Z80  Interface 
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Figure  17.  AD7228Ato68008tnterface 
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12-Bit  Serial  lyiini-DIP  DACPORT 


AD7233 
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FEATURES 

12-Bit  CMOS  DAC  with  

On-Chip  Voltage  ReferanM 

Output  Amplifier 

-5  V  to  +5  V  Output  Rang* 
Serial  Interface 
300  kHz  DAC  Update  Rate 
Small  Size  :  8-Pin  Mini-DIP 
Nonllnearlty  :  ±1/2  LSB  T„|„  to  T„,, 
Low  Power  Dissipation:  100  mW  typical 

APPLICATIONS 

Process  Control 

Industrial  Automation 

Digital  Signal  Processing  Systems 

Input/Output  Ports 

ogiB  "  SAOJ  I  ftp  ai>4  Vs  I 

GENERAL  DESCRIPTION 

The  AD7233  is  a  complete  12-bit,  voltage-output,  digital-to- 
analog  converter  with  output  amplifier  and  Zener  voltage  refer- 
ence all  in  an  8-pin  package.  No  external  trims  are  required  to 
achieve  full  specified  performance.  The  data  format  is.^.£<(SilT:  1 
plement,  and  the  output  range  is  — 3  V  to  -t-S  V. 

The  AD7233  features  a  &st,  versatile  serial  interface  \riiich  al- 
lows easy  connection  to  both  microcomputers  and  16-bit  digital 
signal  processors  with  serial  ports.  When  the  SYNC  input  is 
takoi  low,  data  on  the  SDIN  pin  is  clocked  into  the  input  sUA 
register  on  each  falling  edge  of  SCLK.  On  completion  of  the 
16-bit  data  transfer,  bringing  LDAC  low  updates  the  DAC  latch 
with  the  lower  12  bits  of  data  and  updates  the  output.  Alterna- 
tively, LDAC  can  be  tied  permanently  low,  and  in  this  case  the 
DAC  roister  is  automatically  updated  with  the  contents  of  the 
shift  register  when  all  sixteen  data  bits  have  been  clocked  in. 
The  serial  data  may  be  appUed  at  rates  up  to  S  MHz  allowing  a 
DAC  update  rate  of  300  kHz. 

For  applications  which  require  greater  flexibility;  and  teipolar 
output  ranges  with  single  supply  openiti(ni/iiiKase  lie£s  to  Ac 
AD7243  data  sheet. 

The  AD7233  is  &bticaied  on  Linear  Conqntible  CMOS 
CLC^MOS),  an  ad^mced,  mixed-technology  process.  It  is  pack- 
aged in  an  8-pin  DIP  package. 
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PRODUCT  HIGHUGHTS 

1.  Complete  i2-Bit  DACPORT" 
The  AD7233  is  a  complete,  voltage  output,  12-bit  DAC  on  s- 
single  chip.  This  single-chip  dea^MtoiBllBdifdy  aiMS*tUi»^' 
able  ibm  multichip  designs.    -  ni  •  i^iut>  n  tiw>in  HtobiBAltsit 

2.  Sii^ple  3-Wire  Xtttetbm  to  Most  MicrocomroUora  M/BSP 
Processors. 

3.  DAC  Update  Rate-300  kHz. 

4.  Space  Saving  8-Pin  1 


DACPGST  is  a  tndenaaik  of  Analog  Devices,  Inc. 
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A07233 -SPECIFICATIONS 


1  (Vdj  =  +12  V  to  +15  V.^  Vjs  =  -12  V  to  -15  V,^  GND=  0  V,     =  2  kft, 
Ci  =  too  pF  tD  GND.  M  speCiHcatlons  Ti^ii  to  ^tm  unless  otherwise  noted.) 


Parameter 

A 

B 

Uaito 

Test  Condhioiis/Commeiits 

STATIC  PERFORMANCE 
Resolution 
Relative  Accuracy' 
Differential  Nonlinearity' 
Bipolar  Zero  Error' 

12 
±1 
±0.9 

±6 

12 

±1/2 
±0.9 
±6 

Bits 

LSB  max 
LSB  max 
LSB  max 
LSB  max 

ppm  of  FSR/°C  typ 

Guaranteed  Monotonic 

DAC  Latch  Contents  0000  0000  0000 

Full-Scale  Error' 

Full-Scale  Temperature  Coefficient 

±8 
±30 

±8 
±30 

.■iii 

DIGITAL  INPUTS 
Input  High  Voltage,  Vj^h 
Input  Low  Voltage,  Vjnl 
Input  Current 

Input  Capacitance* 

2.4 
0.8 

8    ■    , 

2.4 
0.8 

±1 
8 

V  min 
Vmax 

|xA  max 
pF  max 

•*-.-.t-l6>. 
Vo,  =  OVtoVDD 

ANALOG  OUTPUTS              "  ' 
Output  Voltage  Range     ^  _ 
DC  Output  Impedance  ^ 

0.5 

±5' 
0.5 

V 

ntyp 

*>^»*^i-  're- 

AC CHARACTERISTICS* 
Voluge  Output  Settling  Time 
Positive  Full-Scale  Change 
Negative  Full-Scale  Change 
Digital-to-Analog  Glitch  Impulse' 
Digital  Feedthrcugh' 

10 
10 
30 
10 

10 
10 
30 
10 

M.S  max 
M-s  max 
nV  sees  typ 
nV  tea  tjp 

settling  Time  to  Within  ±1/2  LSB  of  Final  Value 
Typically  3  m-s;  DAC  Latch  100.  .  .000  to  Oil.  .  .111 
Typically  5  n-s;  DAC  Latch  Oil.  .  .111  to  100.  .  .000 
DAC  Latch  Contents  Toggled  Between  All  Os  and  all  Is 
LDAC  =  Hyi 

POWER  REQUIREMENTS 
Vdd  Range 
Vss  Range 
Idd 
Iss 

-H0.8/+16.5 
-10.8/- 16.5 
10 
4 

+  11.4/+15.75 

-11.4/-15.75 

10 

4 

V  min/V  max 

V  min/V  max 
mA  max 
mA  max 

For  Specified  Performance  Unless  Otherwise  Stated 
For  Specified  Performance  Unless  Otherwise  Stated 
Output  Unloaded;  Typically  7  mA 
Output  Unloaded;  Typically  2  mA 

NOTES 

'Temperature  Ranges  are  as  follows:  A,  B  Versions;.  —40X  to  +85'X]. 
^Power  Supply  Tolerance:  A  Version:  ±10%;  B  Veraionr iSV-  ' 
^See  Tenninology. 

'Sanvle  teated  @  2S%  toeranie  oanqjUanee.  .  -i. . 

Spedficanaas  subjea  to  dunge  without  BQtise. 


7(10?!  It'tJBI"  i  ^ 
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ORDERING  GUIDE 


Temperature 

Relative 

Package 

Model 

Range 

Accuracy 

Option* 

AD7233AN 

-40°C  to  +85°C 

±1  LSB 

N-8 

AD7233BN 

-40°C  to  +85*C 

±1/2  LSB 

*N  =  Flasik  DIP.  For  ondme  infiannaiiDn  see  Ftckige 

laectioii.  ■  .         •  > 


■J  X' 


«EV/iO 


AD^3 


TIMING  CHiRfteTERtSTICS 


\,2  '<lm=+^^A^^  +J6-5V,yss  =  -1fl.8Vto  -IB.SV.GND  =  0  V,    =2  RO, 


Cl  =100  pF.  AD  Spaclflcations  T„|„  tg  T.^,^  i>nle«c  etbsrwisa  inMJ-o<i 


Parameter 


Limit  at  25°C 
(All  Versions) 


Limit  at  T^,  T„ 
(All  Versions) 


Units 


Conditions/Comments 


t2 

U 
U 

tg 


200 
50 
120 
10 
100 
0 
50 
0 


.(V 


200 

50 

190 

10 

100 

0 

50  t^fu 
0 


ns  mm 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 


SCLK  Cycle  Time 

SYNC  to  SCLK  Falling  Edg; 

SYNC  to  SCLK  Hold  Hae  ' 

Data  Setup  Time 

Data  Hold  Time 

SYNC  High  to  LDAC  Low 

LDAC  Pulse  Width 

LDAC  High  to  SYNC  Low 


Time 


NO™* 

'Sample  tested  at  2S°C  to  ensure  compliance.  AU  input  sigiiabW^arsUe&^Ilt 
'See  Figure  3.  ;  I  .  i 

'SCLK  Mark/Space  Ratio  range  is  40/60  to  60/40.  ~  ': 


(10^  m  90H  of  S  AO  and  tniKd  fi»m  a  nli«e  lent  «f  lac  V. 


ABSOLUTE  MAXIMUM  RATINGS*       "'^  ^  ■ 

(Ta  =  +25''C  tmless  othetwise  noted)  ^  .  ,  rVI 

Vdd  to  GND  -OiS-V  lO  +tf  V 

Vss  to  GND  >  7l-0;3  V  to  - 17  V 

Votrr'  to  GND  ,  -6  V  toVbo  +0,3  V 

Digital  Inputs  to  GND  , , .  ^ , ,  -  -0-3  V  to  Vd&  +0-3  V 

Operating  Temperature  Range 

Industrial  (A,  B  Versions)   -40°C  to  +85''C 

Storage  Temperature  Range   — 65°C  to  +  150°C 

Lead  Temperature  (Soldering,  10  sees)  +  300°C 

Power  Dissipation  to  +75°C    450  mW 

Derates  above  +75°C  by   10  mW/°C 

CAUTION  


NOTE  ' 

'The  output  may  be  dunced  to  Totoees  in  this  rai^  pnwided  tlie  pooer  dit- 
sipation  of  iMf' passage  is  not  esceeded.  Sbm  otcoiit  cumnt  is  ^;picB% 
80  mA. 

^Stresses  ^ogi9^i3biosa  listed  under  **Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only,  and  fimctional 

operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maYimiim  rating  couditioiis  for  extended  periods  may  affect  device  reiiabili^. 

'       .f.r.^>:OT''  T.J,".  ■  ;  i 
.;■  ■>?.  i\<i 


BSD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts,  file  proteiidve  fHiii 
should  be  discharged  to  the  destination  socket  before  devices  are  inserted.  .  t  '  <  i  j' 


WARNING!  ^ 


TERMINOLOGY 

RELATIVE  ACCURACY  (LINEARITY) 

Relative  accuracy,  or  endpoint  linearity,  is  a  measure  of  the 
maximum  deviation  of  the  DAC  transfer  function  from  a 
straight  line  passing  through  the  endpoints  of  the  transfer  func- 
tion. It  is  measured  after  allowing  for  zero  and  full-scale  errors 
and  is  expressed  in  LSBs  or  as  a  percentage  of  full-scale  reading. 

DIFFERENTIAL  NONLINEARITY 

Differential  nonlinearity  is  the  difference  between  the  measured 
change  and  the  ideal  1  LSB  change  between  any  two  adjacent 
codes.  A  specified  differential  nonlinearity  of  ±  1  LSB  or  less 
over  the  operating  temperature  range  ensures  monotonicity. 

BIPOIAR  ikkKi  iKttOR 

Bqmlar  zero  error  is  the  voltage  measured  at  Vqut  when  the 
DAC  is  loaded  with  all  Os.  It  is  due  to  a  combination  of  ofl^ 
errors  in  the  DAC,  mqdifier  and  mismatdi  between  the  intmial 
gain  resistors  around  the  ampUBo:. 


FULL-SCALE  ERROR 

Full-scale  error  is  a  measure  of  the  output  error  when  the  ampli- 
fier output  is  at  full  scale  (fiill  scale  is  either  positive  or  negative 

mseim':' 

DIGITAL-TO-ANALOG  GLITCH  IMPULSE 

This  is  the  voltage  spike  that  appears  at  the  output  of  the  DAC 
when  the  digital  code  in  the  DAC  latch  changes  before  the  out- 
put settles  to  its  fmal  value.  The  energy  in  the  gUtch  is  specified 
in  nV  sees,  and  is  measured  for  an  all  codes  change  (0000  0000 

0000  to  nil  nil  nil). 

DIGITAL  FEEDTHROUGH 

This  is  a  measure  of  the  voltage  spike  that  appears  on  Vqut  as  a 
result  of  feedthrough  from  the  digital  inputs  on  the  AD7233.  It 
is  measured  tnUb  LDAC  hdd  high. 


PIN  FUNCTION  DESCaUPTION 


Descriptioii 


Serial  Dock,  Logic  Input.  Data  is  clocked  into  the  input  register  on  each  falling  SCLK  edge. 

Serial  Data  In,  Logic  Input.  The  16-bit  serial  data  word  is  applied  to  this  input.  ^ . 

Data  Synchronization  Pulse,  Lqgic  bqpiit.  Taking  ihm  mput  low  initializes  tlig-iw»Hi«»l  fff^^lama  fyt 

a  new  data  word. 

Load  DAC,  Logic  Input.  Updates  the  DAC  output.  The  DAC  output  is  updated  on  the  falling  edge  of  this 
signal,  or  alternatively  if  this  line  in  pennanendy  low,  an  automatic  update  mode  is  selected  whereby  the 
DAC  is  updated  on  the  I6fli  felling  SCLK  pulse.  ,jOI  ' 

Ground  pin  =  0  V.  (t  I 

Analog  Output  Voltage.  This  is  the  buffered  DAC  output  voltage  (-5  V  to  +5  V).  I)?  I 
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D/A  Section 

The  AD7233  contains  a  12-bit  voltage-mode  D/A  converKr  con- 
sisting of  highly  stable  thin-film  resistors  and  high  speed  NMOS 
single-pole,  double-throw  switches. 

Op  Amp  Section 

The  output  of  the  voltage-mode  D/A  converter  is  buffered  by  a 
iKmnverdng  CMOS  amplifier.  The  hal^  msSSet  v  c^ble 
<if.devdoping  ±S  V  across  a  2  kn  load  to  GND. 


R         R  R        R  R 


Figure  1.  Simplified  D/A  Converter 
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DIGITAL  INTERFACE 

The  AD7233  contains  an  input  serial  to  parallel  shift  register 
and  a  DAC  latch.  A  simplified  diagram  of  the  input  loading  cir- 
cuitry is  shown  in  Figure  2.  Serial  data  on  the  SDIN  input  is 
loaded  to  the  input  register  under  control  of  SYNC  and  SCLK. 
When  a  complete  word  is  held  in  the  shift  register  it  may  then 
be  loaded  into  the  DAC  latch  under  control  of  LDAC.  Only  the 
data  in  the  DAC  latch  determines  the  analog  output  on  the 
AD7233. 


A  low  SYNC  input  provides  the  frame  synchronization  signal 
which  tells  the  AD7233  that  valid  serial  data  on  the  SDIN  input 
will  be  available  for  the  next  16  falling  edges  of  SCLK.  An  in- 
ternal counter/decoder  circuit  provides  a  low  gating  signal  so 
that  only  16  data  bits  are  clocked  into  the  input  shift  register. 
After  16  SCLK  pulses  the  internal  gating  signal  goes  inactive 
(high)  thus  locking  out  any  fturther  clock  pulses.  Therefore  ei- 
ther a  continuous  clock  or  a  burst  dock  source  may  be  used  to 
clock  in  the  data. 


The  SYNC  input  should  be  taken  high  after  the  complete  16-bit 
word  is  loaded  in. 

Although  16  bits  of  data  are  clocked  into  the  input  register,  only 
the  latter  12  bits  get  transferred  mto  the  DAC  latch.  The  first  4 
bits  in  the  16  bit  stream  are  don't  cares  since  their  value  does 
not  affect  the  DAC  latch  data.  Therefore  the  data  format  is  4 
don't  cares  followed  by  the  12-bit  data  word  with  the  LSB  as 
the  last  bit  in  the  serial  stream. 


REV.;0 


if! 


Hiere  are  two  ways  in  which      DAC  latch  and  hence  the  ana- 
log output  may  be  updated.  The  status  of  the  LDAC  input  is 
examined  after  SYNC  is  taken  low.  Depending  on  its  status,  one 

of  two  update  modes  is  selected. 

0  then  the  automatic  update  mode  is  selected.  In 


If  LDAC 

this  mode  the  DAC  latch  and  analog  output  are  updated  auto- 
matically when  the  last  bit  in  the  serial  data  stream  is  clocked 
in.  The  updi|r^i8r|akes  tdace  on  t|e  idz&eBth  falling  SCLK 


If  LDAC  =  1  then  the  automatic  update  is  disabled  and  the 
DAC  latch  is  updated  by  taking  LDAC  low  any  time  after  the 
16-bit  data  transfer  is  cxmpUxe.  The  update  now  occurs  op  the 
falling  edge  of  LDAC.  TjJs  facility  is         for  simultaneous 
update  in  multi-DAC  systems.  Note  that  die  LDAC  iiqn4 
must  be  taken  back  high  again  before  the  next  data  transf^  is 
initiated. 


edge. 
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Figure  3.  AD7233  Timing  Diagram 
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APPLYMG  THE  AD7233 
Bipolar  (±5  V)  Configuratioii 

The  AD7233  provides  an  output  voltage  range  from  -5  V  to 
+5  V  without  any  external  components.  This  configuration  is 
shown  in  Figure  4.  The  data  format  \a  2s  complement.  The  out' 
put  code  table  is  shown  in  Table  I.  If  c/BstX  binary  coding  is 
required,  then  this  can  be  done  by  inverting  die  MSB  in  soft- 
ware  before  the  data  is  loaded  to  the  AD7233. 

+12VTO+15V 

|v„-  \ 
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Figure  4.  Circuit  Configuration 
Power  Supply  Decoupling 

To  achieve  optimum  perfonnance  when  using  the  AD7233,  the 
Vdd  aiid       hnes  should  each  be  decoupled  to  GND  using 
0. 1  (jlF  capacitors.  In  very  noisy  environments  it  is  recommended 
that  10  |i,F  capacitors  be  connected  in  parallel  with  the  0. 1  )jlF 
capacitors. 


Input  DaU  Word 

MSB  LSB 

Analog  Output,  Vqut 

xxxxoiii  nil  nil 

+5  V  • 

(2047/2048) 

XXXX  0000  0000  0001 

+5  V  ■ 

XXXX  0000  0000  0000 

0  V 

XXXX  nil  nil  nil 

-5  V  • 

(1/2048) 

XXXX  1000  0000  0001 

-5  V  • 

(2047/2048) 

XXXX  lOOQ  OOQp  0000 

-5  V  ■ 

i2omm = -5  V 

X^OoatCbe    ,      i  i 
NdtK  l^SB  -r  5  yfl048'>-  2A  mV  \ 


xz 


Table  I.  AD7233  Bipolar  Code  Table 


<*,344  jmmui'TO'MiMJoscoNvatmfis 


rmnb 


which  uses  standard  protocol  compatible  with  DSP  processors 
and  microcontrollers.  The  communications  channel  requires  a 
three-wire  interface  consisting  of  a  clock  signal,  a  data  signal 
and  a  synchronization  signal.  The  AD7233  requires  a  16-bit  data 
word  with  data  valid  on  the  falling  edge  of  SCLK.  For  all  of  the 
interfaces,  the  DAC  update  may  be  done  automatically  when  all 
the  data  is  clocked  in  or  it  may  done  under  control  of  LDAC. 

i%iiies  5  to  8  show  the  AP7233  configured  for  inta&dng  to  a 
number  of  popular  DSP  processors  and  microcontrollm. 

AO7233-ADSP-2101/ADSP-2102  Interface 
Figure  5  shows  a  serial  interface  between  the  AD7233  and  the  ' 
ADSP-2101/ADSP-2102  DSP  processor,  lie  ADSP-2101/ 
ADSP-2102  contains  two  s«dal  ports,  and  eitha  pott  may  be 
used  in  the  interface.  The  data  transfer  is  initiated  by  TFS 
going  low.  Data  from  the  ADSP-2101/ADSP-2102  is  clocked 
into  the  AD7233  on  the  falling  edge  of  SCLK.  When  the  data 
transfer  is  complete  TFS  is  taken  higb.  In  the  inteiftce  shown 
the  DAC  is  updated  using  an  external  timer  triiidi  generates 
an  LDAC  puke.  This  could  also  be  done  tisii^  a  control  or  de- 
coded  address  line  bom  the  processor.  Alternatively,  the  LDAC 
input  could  be  hardwired  low,  and  in  this  case  the  antoaatie 
update  mode  is  selected  whereby  the  DAC  update  takes  phl^ 
antomatically  on  the  16th  fidling  edge  of  SCLK. 


ADSP-2101/ 


m 

SCLK 
OT 


*  AOOITIONAL  PINS  OMITTED  FOR  CLARITY 


AD7233* 


SYNC 
SCLK 


SDIN 


Figure  5.  AD7233  to  ADSP-2101/ADSP-2102  Interface 
AD7233-DSP56000  Interface 

A  serial  interface  between  the  AD7233  and  the  DSPS6000  is 
shown  in  Figure  6.  The  DSPS6000  is  configured  for  Normal 
Mode  Asynchronous  operation  with  Gated  Clock.  It  is  also  set 
up  for  a  16-bit  word  with  SCK  and  SC2  as  outputs  and  the 
FSL  control  bit  set  to  a  0.  SCK  is  internally  generated  on  the 
DSFS6000  and  ^lied  to  the  AD7233  SCLK  input.  Data  from 
llie  DSPS6000  is  valid  on  the  falling  edge  of  SCK.  The  SC2  out- 
put provides  the  filming  pulse  for  valid  data.  This  line  must 
be  inverted  bdTore  being  aj^Hed  to  die  SYNC  input  of  the 
AD7233. 


The  LDAC  input  of  the  AD7233  is  connected  to  GND  so  the 
update  of  the  DAC  latch  takes  place  automatically  on  the  16tb 
fillhig  edge  (tf  SCLK.  An  estemal  timer  could  aho  be  ^HgtiK' 
in  tlie  inevions  interface  if  an  external  update  is  required., 


DSP56000 


$C2 


,1  ^j$DPITIQIMA.pM§«fi^^ 

AD7233«^€Sllnteiface 


AD7233* 


A  serialrinterface  between  the  AD7233  and  the  87CS1 
troliec  is  diown  in  Figure  7.  TXD  ttfA^SjeSil  drives  SCIij&ti£< 
the  AD7233  while  RXD  drives  the  geti#atet<fiae  of  liie  patK: 
The  SYNC  signal  is  derived  from  the  port  line  P3.3. 

The  87CS1  provides  the  LSB  of  its  SBUF  register  as  the  first  bit 
in  the  serial  data  saesm.  Therefore,  the  user  will  have  to  ensure 
that  the  data  in  die  SBUF  register  is  arranged  correctly  so  that 
the  don't  care  bits  are  the  first  to  be  txuiDiiiaed  to  the  AD7233 
and  the  last  Int  to  be  sent  is  the  LSB  ^  te  moA  to  be  loaded 
to  the  AD7233.  When  data  is  to  be  xamatsmi.  to  the  part,  F3.3 
is  taken  low.  Data  on  RXD  is  valid  <w      Mng  edge  <tf  TXD. 
The  87CS1  transmits  its  serial  data  va  g-l»t  %tes  with  ads  ofSax. 
falling  clock  edges  occurring  in  the  transmit  cycle.  To  load  data 
to  the  AD7233,  P3.3  is  kept  low  after  the  first  eight  bits  are 
transferred  and  a  second  byte  of  data  is  then  transferred  serially 
to  the  AD7233.  When  the  second  serial  transfer  is  complwei,  the 
Vi.i  line  is  taken  higb. 


Figure  7  shows  the  LDAC  input  of  Hie  AD^3  hardwired  low. 
As  a  result,  die  DAC  latch  and  the  analog  OH^nit  will  be  up- 
dated  on  the  sizieendi  &]ling  edge  of  TXD  «te  the  STNC  sig- 
nal for  the  DAC  has  gone  low.  Alternative,  tile  Sitene  used  in 
previous  interfaces,  whaeby  the  LDAC  mpi&  &  driven  bom  a 
timer,  can  be  used. 


LDAC 

87C51* 

AD7233* 

P3.3 

SYNC 

TXD 

SCLK 

RXD 

SDIN 

•ADDITIONAL  PINS  OMITTED  FOR  CLARITY 

Figure  7.  AD7233  to  87CS1  Interface 
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AD7233-68HC11  Interface 

Figure  8  shows  a  serial  interface  between  the  AD7233  and  the 
68HC11  raicrocontroUer.  SCK  of  the  68HC11  drives  SCLK  of 
the  AD7233  while  the  MOSI  output  drives  the  serial  data  line. 
The  SYNC  signal  is  derived  from  a  port  line  (PC7  shown). 

For  correct  operation  of  this  interface,  the  68HC11  should  be 
configured  such  that  its  CPOL  bit  is  a  0  and  its  CPHA  bit  is  a 
1.  When  data  is  to  be  transmitted  to  the  part,  PC7  is  taken  low. 
When  the  68HC1 1  is  configured  like  this,  data  on  MOSI  is  valid 
on  the  falling  edge  of  SCK.  The  68HC1 1  transmits  its  serial 
data  in  8-bit  bytes  with  only  eight  falling  clock  edges  occurring 
in  the  transmit  cycle.  To  load  data  to  the  AD7233,  PC7  is  kept 
low  after  the  first  eight  bits  are  transferred  and  a  second  byte  of 
data  is  then  transferred  serially  to  the  AD7233.  When  the  sec- 
ond serial  transfer  is  complete,  the  PC7  line  is  taken  high.  Fig- 
ure 8  shows  the  LDAC  input  of  the  AD7233  hardwired  low.  As 
a  result,  the  DAC  latch  and  the  analog  output  of  the  DAG  will 
be  updated  on  the  sixteenth  falling  edge  of  SCK  after  the  re- 
tentive. SYNC  signal  hascgmie  low.  Alternatively,  the  scheme 
lisedMitamsm  intafkcest,  wheieby  the  LDAC  input  is  driven 


68HP11* 


SCK 
MOSI 


'..ujji,;  .... 


*  ADDITIONAL  PINS  OMITTED  FOR  CLARITY 


AD7233* 


SCLK 
SDIN 


Figure  8.  AD7233  to  68HC1 1 1nterface 
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LC^MOS 
Dual  12-Bit  DACPORTs 


AD7237yAD7247 


FEATURES 

Complete  Dual  12-Bit  DAC  Cpmprising 

Two  12-Bit  CMOS  DACs  ' 

On-Chip  Voltage  Reference 

Output  Amplifiers 

Reference  Buffer  Amplifiers 
Parallel  Loading  Structure:  AD7247 
(8+4)  Loading  Structure:  AD7237 
Single  or  Dual  Supply  Operation 
Low  Power  -  165  mW  typ  in  Single  Supply 

I 


IMS  /  ni'i' 


<%NERAL  DESCXIPnON 

The  AD7237/AD7247  is  a  complete,  dual,  12-bit,  voltage  output 
d^tal-to-analog  converter  with  output  amplifiets  and  Zener  ,  ^. , 
voltage  reference  on  a  monolithic  CMOS  chip.  No  external  usf^ 
trims  are  required  to  achieve  full  specified  performance. 

Both  parts  are  microprocessor  compatible,  with  high  speed  data 
latches  and  interface  logic.  The  AD7247  accepts  12-bit  parallel 
data  which  is  loaded  into  the  respective  DAC  latch  using  the 
WR  input  and  a  separate  Chip  Select  input  for  each  DAC.  The 
AD7237  has  a  double  buffered  interface  structure  and  an  8-bit 
wide  data  bus  with  data  loaded  to  the  respective  input  latch  jp 
two  write  operations.  An  asynchronous  LDAC  signal  on  the 
AD7237  updates  the  DAC  latches  and  analog  outputs. 

A  REF  OUT/REF  IN  function  is  provided  which  allows  either 
the  on-chip  5  V  reference  or  an  external  reference  to  be  used  as 
a  reference  voltage  for  the  part.  For  single  supply  operation,  two 
output  ranges  of  0  to  -t- 5  V  and  0  to  -I- 10  V  are  available,  while 
these  two  ranges  plus  an  additional  ±5  V  range  are  available 
with  dual  supplies.  The  output  amplifiers  are  capable  of  devel- 
oping + 10  V  across  a  2  kfl  load  to  GND. 

The  AD7237/AD7247  is  fabricated  in  Linear  Compatible  CMOS 
(LC^MOS),  an  advanced,  mixed  technology  process  that  com- 
bines precision  bipolar  circuits  with  low  power  CMOS  logic. 
Both  parts  are  available  in  a  24-pin,  0.3"  wide  plastic  and  her- 
metic dual-in-line  package  (DIP)  and  arr^pipp^^ed  24» 
lead  small  outline  (SOIC)  package.  ;  i  u 

DACFORT  is  a  trademark  of  Analog  Devices,  Inc. 


FUNCTIONAL  BLOCK  ^GRAMS 


<|V!8, 


PRODUCT  HIGHLIGHTS 

1.  The  AD7237/AD7247  is  a  dual  12-bit  DACPORT™  on  a 
single  chip.  This  single  chip  design  and  small  package  size 
offer  considerable  space  saving  and  increased  reliability  over 
multichip  designs. 

2.  Between  them,  the  AD7237  and  AD7247  offer  a  versatile 
•  interface  arrangement  to  either  8-bit  or  16-bit  data  bus 

^ructur^. 


AD7237/AD7247-SPECIFICATI0NS  DGND  =  0  V  wmn  m  =  o  v  [ad7247].  ref  in  =  +S  V, 

Rl  =  2  kH,  Cl  =  100  pF.  All  specifications  T„i„  to  T,„  unless  otheiwite  noted.) 


Parameter 

J.  A, 

K,  B,  T 

CT*  A  T'lf  T>r7r>  T?/^Tt  1<  A  VTy^'C 

a  1 A I IC  rbRrURMANCIl,,  . , 
Resolution                   \\  ''C  'l^- 
Relative  Accuracy^  _     

12 

*1_  . 

12 

+  1/2 

Bits 

LSB  max 

Differential  Njoolineu^^  ^ 
Unipolar  Offset  Erpcof 
Bipolar  Zero  Error^ 

FuU-Scalc  Error'  " 
Full-Scale  Mismatch^ 

±3 
±4 

±5 

±3 
±4 

±5 
±1 

LSBmax 
LSBmax 
LSB  max 

LSB  max 
LSB  typ 

Guaranteed  Monotonic 

Vss  =  0  V  or  -15  V.  DAC  Latch  Contents  AU  Os 
Vss  =  -15  V.  DAC  Latch  Contents 
1000  0000  0000 



REFERENCE  OUTPUT 
REF  OUT 

J,  K,  A,  B  Versions 

S,  T  Versions 
Reference  Temperature  Codfident 
Reference  Load  Change 

(AREF  OUT  vs.  AI) 

4.97/5.03 
4.95/5.05 
±25 

-1 

4.97/5.03 
4.95/5.05 
±25 

-1 

Vmin/Vmax 
Vmin/Vmax 
ppm/°C  typ 

mV  max 

Reference  Load  Current  Change  (O-lOO  jiA) 

REFERENCE  INPUT 
Reference  Input  Range 
Input  Current' 

4.95/5.05 
±5 

4.95/5.05 
±5 

V  min/V  max 
max 

5V±  1% 

DIGITAL  INPUTS 

Input  High  Voltage,  Vj^h 

Input  Low  Voltage,  V^jl 

Input  Current  " 
Iix  (Data  Inputs) 
^iNH  (Control  Inputs)' 
IinL  (Control  Inputs)* —  — 

Input  Capacitance' 

2.4 
0.8 

±10 
±10 
-150 
16 

2.4 
0.8 

±10 
±10 
-150 
16 

V  min 

V  max 

|iA  max 
^lA  max 
max 
pF  max 

V,.  =  OVtoV,„    «o«^''^£^-  ^ 

V     -  V                    ''V-  "''W 
•  IN        *  op 

Vn,  =  OV               HlOiKWl  £  .1 

ANALOG  OUTPUTS  ,  

Output  Range  Resistors 
Output  Voltage  Ranges 
Output  Voltage  Ranges  >- 

DC  Output  Impedance 

15/30 
+5,  +10 
+5,  +10, 
'±5 
0.5 

15/30 
+  5,  +10 
+  5,  +10, 
±5 
0.5 

kn  mii)^  max 
V 

V 

fl  typ 

ViB=F^O  y,fltaStHsro!^,/r,u               ,  . 
V^s  = -15  V.  KnS^|illi»fe  ,.r,^ 

AC  CHARACTERISTICS' 
Voltage  Output  Settling  Time 
Full-Scale  Change 
J,  K,  A,  B  Versions 
S,  T  Veraons 
Digital-to-Analog  Glitch  Impulse^ 
Digital  Feedthiough^ 
Digital  Crosstalk^ 

10 
12 
30 
10 
30 

10 
12 
30 
10 
30 

\LS  max 
^s  max 
nV  sees  typ 
nV  sees  typ 
nV  sees  typ 

SettUng  Time  to  Wit^  ±  1/2  LSB  of  Final  Value 
Vdd  = +15V,Vss  =  -15;V 

■-           "                         '                                             .'.                    ,■■    ,-1  1 

POWER  ItpQiptmilENTS-   

Vss 

Idd             ,          J   -         ■  , 

Iss  (Dual  $i4>pfia) 

+  15 

-1?  , 
15  ■' 
5 

+  15 
-15 
15 
5 

V  nom 

V  nom 
mA  max 
mA  max 

±5%  for  Sp^fiol  Performance  Unless  Otberw^  Stated 
±5%  for  Specified  Performance  Unless  Otherwise  Stated 
Output  Unloaded  .Typically  11  mA 
Output  Unloatkd.Typically  3  mA 

NOTES 

'Parts  are  fiuictional  at  V^d  =  +12  V  ±10%  and  Vjj  =  0  V  or  —12  V  ±10%.  See^(pi(^^ef^3|^^^^^^^|)Si. 
^Temperature  ranges  are  as  follows:  J,  K  Versions,  -40°C  to  +85°C;  A,  B  Versions,  -40°C  to +11*6;  s^t  Vosions,  ■ 
^See  Terminology. 

'Measumii  with  respect  to  REF  IN  and  includes  unipolar/bipolar  offset  error. 

'Sample  tested  @+25X^  to  ensure  compliance.  

'Control  iqiins  ate  AO,  Al,  OS,  WR  and  U>AC  for  the  AD7237  and  CSA,  CSB  and  W  for  the  AD7247. 
Sprrifiraiiom  sabfcct  to  dtange  without  notice. 


55°Cto  +125°C. 


AD7237/AD7247 


TIMING  CHARACTERISTICS 


1  2  ff»D  =  +15  V  ±5%;  »«  =  0  ¥  or. -15  ¥  ±51^,iHiL= 
'     6ND  =  0  V  [AD7247]) 


iJllSm  =  6VIIU)7m 


Fanuneter 

Limit  at 

a,  K,  A,  B  Veismns) 

Limit  at  T^, 
(S,  T  Versions) 

Units 

1  i      V^W"  ^ 

Conditions/Comments 

tl 

t2 

,  .nil  IS  t>»b(v<' 
"             avi!  ^a;. 

130 

128 

10 

0 

0 

100 

0      .....  ..... 

150 

150    iwnbft  -mST 

0 
0 

100 

ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
ns  wiw  i* 

CS  to  WR  Setup  Time 
CS  to  WR  Hold  Time 
WR  Pulse  Width 
Data  Valid  to  WR  Setup  Time 
Data  Valid  to  WR  Hold  Time 
Address  to  WR  Setup  Time 
Address  to  WR  Hold  Time 
Id  i<2>|3^Mse  Width 

NOTES  lu.-  imjlJ.  j -.5  .uj;;'Ci  J.i  ..  /-i/ii  .' 

'Sample  tested  at  +25°C  to  ensure  complitri^4M4i^ll|l4lt'lAlWimil'l^t  Httt-^  S  ns  (10%  n>  90%  of  5  V) 
and  timed  from  a  voltage  level  of  1.6  V.  .  _^ ,      ^J.  ni^^^^-jj 

'See  Figures  5  and  7. 

'If  0  iui<t,<10  ns,  add  to  t,.  If  t^^lO  ns,  add  10  ns  to tiir.  »i!v.-ih;i  Xif'<l  lol  «n»i7>.-'  hr  '  -  ' 
♦AD7237  only. 


ABSOLUTE  MAXIMUM  RATINGS* 

(T^  =  +25''C  unless  otherwise  noted) 

Vdd  to  GND  (AD7247)  -0.3  V  to  + 17  V 

Vdi,  to  AGND,  DGND  (AD7237)  -0.3  V  to  +17  V 

Vdd  to   -0.3  V  to  +34  V 

AGND  to  DGND  (AD7237)  -Oi»  V  ,  Vqu  +6.3  V 

Vouta',  ^ovtb'  to  AGND  (GND) 

 Vss  -0.3  V  to  Vdd  +0-3  V 

REF  OUT  to  AGND  (GND)   0  V  to  V^d 

REF  IN  to  AGND  (GND)   -0.3  V  to  Vdd  +0.3  V 

Digital  Inputs  to  DGND  (GND)  ....  -0.3  V  to  Vdd  +0-3  V 
Operating  Temperature  Range 

Conmiercial  (J,  K  Versions)   -40°C  to  +85°C 

IndvBtrial  (A,  B  Versions)   .  ...  ..^WQ^  +85°C 

ExtendidCS.T Versions)  .  .  .  i  '.'!'."."!^."f'S|lMii25'C 

Storage  Temperature  Range   -65X:  to  +  150°C 

Lead  T^aapaaiUie  CSoldaiiig,  10  i^)  .  .  :  .  .  /  ;  .  \  .  .  +300'C 

Power  Disi^lal^  (Jims  Package)  to  +7S°C  JM  wlW 

Derates  abtwe  -^Wt  by   16  mW/t: 

NOTE 

'Short-circuit  current  is  typically  80mA.  The  outputs  may  be  shorted  to 
voltages  in  this  range  provided  the  power  dissipation  of  the  package  is  not 
exceeded. 

•Stresses  above  those  Usied  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operational  aection&of.this  spcrifiniritm  i«  not  iiqiliadL  EipnuMt  ab«ohue 
fMtimiiiii'ratiag  codStioiis  fir  stlnaed  penods  miqr  dEsct  device  lidiiilnKty . 


ORDERING  GUIDE 


Relative 

Temperature 

Accuracy 

Package 

Model' 

Range 

(LSB) 

Option^ 

AD7237JN 

-40°C  to  +85°C 

±  1  max 

N-24 

AD7237KN 

-40'=C  to  +85°C 

±  1/2  max 

N-24 

AD7237JR 

-40°Cto  +85°C 

±  1  max 

R-24 

AD7237KR 

-40°C  to  +85°C 

±  1/2  max 

R-24 

AD7237AQ 

-40°Cto  +85°C 

±1  max 

Q-24 

AD7237BQ 

-40°Cto  +85°C 

±  1/2  max 

Q-24 

AD7237SQ 

-55°C  to  +125°C 

±1  max 

Q-24 

AD7237TQ 

-55°Cto  +125°C 

±  1/2  max 

Q-24 

AD7247JN 

-40°C  to  +85°C 

±1  max 

N-24 

AD7247KN 

-40°C  to  +85''C 

±  1/2  max 

N-24 

AD7247JR 

-40°C  to  +85°C 

±  I  max 

R-24 

AD7247KR 

-40°C  to  +85°C 

±  1/2  max 

R-24 

AD7247AQ 

-40°C  to  +85°C 

±  1  max 

Q-24 

AD7247BQ 

-40X  to  +85°C 

±  1/2  max 

Q-24 

AD7247SQ 

-55X  to  +125°C 

±1  max 

Q-24  ■ 

AD7247TQ 

-55°C  to  +125°C 

±  1/2  max 

Q-24 

'To  order  MIL-STD-883,  Class  B  processed  parts,  add  /g83B  to  part  num- 
ber. Contact  local  sales  office  for  military  data  slieet  and  avaiUl^liiy. 

'N  =  Plastic  DIP;  Q  =  Cerdip;  R  =  Small  Outline  (SOIC).  For  outline  in- 
formation see  Package  Information  section. 


CAUTION   

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  uncotmected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shtmts.  The  fantective  foam 
diould  be  discharged  to  the  destination  socket  before  devices  ate  insened. 
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Pin 

T 

2 

3 

4 
5 

6 
7 

8-10 

11 

12 

13 

14 

15 

16 

17 
18 
19 

20 

21 
22 

23 
24 


Mnemonic  Description 


REFINA     Viidl^e  Reference  Input  for  DAC  A.  The  reference  voltage  for  DAC  A  is  applied  to  this  pin.  It  is  internally 
buffered  before  being  applied  to  the  DAC.  The  no^nipal  reference  vol^|:^or,^cqrre(:t  ope^tion  ^f  the  Ap7237 

REF  OUT    Voltage  Reference  Oiitput.  The  internal  5  V  analog  reference  is  provided  at  this  pin.  To  (^seatdthe  part  with  ' 
internal  reference,  RlEF  OUT  should  be  connected  to  REF  INA,  REF  INB.  " 

REF  INB      Voltage  Reference  Input  for  DAC  B.  The  reference  voltage  for  DAC  B  is  applied  to  this  pin.  It  is  internally 

buffered  before  being  applied  to  the  DAC.  The  nominal  reference  voltage  for  correct  operation  of  the  AD7237 
is  5  V. 

RoFSB         Output  Offset  Resistor  fcH'  DAC  B.  This  input  configures  the  output  ranges  for  DAC  B.  It  is  connected  to 
(jWWjitoVo^  for  the  +5  Visuge,  to  AGND  for  the  +10  V  M«e  and  to  REF  P^  for  tte  ±S^  m^. 

VoDTB         Analog  Output  Voltage  from  DAC  B,  "SMg  is  the  buffer  amplifier  output  voltage.  Three  different  output 

voltage  ranges  ran  be  diosen:  0  ft  tS)  +10  V  and  ±5  V.  The  amplifier  is  capable  of  deivelopmg  +10  V 

across  a  2  kfl  resistor  to  GND. 

AGND  Analog  Ground.  Ground  reference  for  DACs,  reference  and  output  buffer  amplifiers. 

DB7  Data  Bit  7. 

DB6-DB4  Data  Bit  6  to  Data  Bit  4.  J.J  ■ 

DB3  Data  Bit  3/Data  Bit  II  (MSB).     ~  " 

DGND  Digital  Grotmd.  Ground  reference  for  digital  circuitry.  -l'.'  ■ 

DB2  Data  Bit  2/Data  Bit  10. 

DBl  Data  Bit  1/Data  Bit  9.  '  ' 

DBO  Data  Bit  0  (LSB)/Data  Bit  8.  '  . 

AO  Address  Input.  Least  significant  address  input  for  input  latches.  AO  and  Al  select  which  of  the  four  input 
latches  data  is  written  to  (see  Table  11). 

AI  Address  Input.  Most  significant  address  input  for  input  latches. 

CS  Chip  Select.  Active  low  logic  input.  The  device  is  selected  when  this  input  is  active. 

WR  Write  Input.  WR  is  an  active  lo*  logic  input  which  is  used  in  conjunction  with  CS,  AO  and  Al  to  write  data 

to  the  input  latches. 

LDAC  Load  DAC.  Logic  input.  A  new  word  is  loaded  into  the  DAC  latches  from  the  respective  input  latches  on  the 

falling  edge  of  this  signal. 

Vdd  Positive  Supply,  +15  V. 

VouTA         Analog  Output  Voltage  from  DAC  A.  This  is  the  buffer  ampUfier  output  voltage.  Three  different  output 

voltage  ranges  can  be  chosen:  0  to  +S  V,  0  to  +10  V  and  ±S  V.  The  an^ifier  is^H^<^s4iiM^^^  + 10  V 
across  a  2  kn  resistor  to  GND.  ■  •  ..;  s»  feWoftff^i  «i&  r 

Vjs  Negative  Supply, -15  V. 

RoFSA  Output  Offset  Resistor  for  DAC  A.  This  input  configures  the  output  ranges  for  DAC  A.  It  is  cotmected  to 
 Vqpta  ftg  the  +5  V  range,  to  AGND  for  the  +10  V  range  and  to  REF  INA  for  the  ±5  V  range. 
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AD7247  PIN  FUNCTION  DESCRIPTION  (DIP  PIN  NUMBERS) 


Pin      Mnemonic  Description 


1 


4 
5 
6 

7-15 
16 
17 
18 
19 

20 

22 

23 

24 

■ft 


REF  OUT     Voltage  Reference  Output.  The  internal  5  V  analog  refatofee&  m*ivjii4  gt  this  pin.  To  operate  the^ft'wi^ 
internal  reference,  REF  OUT  should  be  conneeV<!tf^fraraP  "  «  -    '       '     ^^^l**  ba* 

,fi>OB^joJ  toi'^Wt  Offset  Resistor  for  DAC  B.  This  input  configures  the  output  ranges  for  DAC  B.  It  is  connected  to 

VouTB  for  the  +5  V  range,  to  GND  for  the  + 10  V  range  and  to  REF  IN  for  the  ±5  V  range. 
VouTB  Analog  Output  Voltage  from  DAC  B.  This  is  the  buffer  amplifier  output  voltage.  Three  different  output 

vohage  ranges  can  be  chosen:  0  to  +5  V,  0  to  +  10  V  and  ±  5  V.  The  amplifier  is  capable  of  developing 
+ 10  V  across  a  2  kil  resisMSI®  W^i'J  vjjawoi.jui.xn  tnausa  sufu  i  '.  ■  ^;  >.(ire;Tqo  «ib  -nto 

DBU 
DBIO 
GND 
DB9-DB1 
DBO 
CSB 
CSA 
WR 


Data  Bit  11  (MSB). 
Data  Bit  10. 

Ground.  Groimd  reference  for  all  on-chip  circuitry. 
Data  Bit  9  to  Data  Bit  1. 
Data  Bit  0  (LSB). 

Chip  Select  Input  for  DAC  B.  Active  low  logic  input.  DAC  B  is  selected  when  this  input  is  active. 
Chip  Select  Input  for  DAC  A.  Active  low  logic  input.  DAC  A  is  selected. when  this  input  is  active. 

Write  Input.  WK  is  an  active  low  logic  input  which  is  used  in  conjunction  with  CSA  and  CSB  to  write  data  to 

the  DAC  latches.  '  .•       ;  t-. 

Vdd  Positive  Supply,  + 15  V.  ' 

r-  ujifoiwi  rf  .(sl^alfig  Pv^^^iYpltag?.  from  DAC  A.  This  is  the  buflS^  amplifier  output  voltage.  Three  tffife  at  oa^M 
Ho  r;'     r;bBi  HB&jpm^^^'V^j^^a^o^r^fe  0  to  +10  V  aiM  ±S  V.  Thit  ai^iHiia:  is  capable  of  4  ivdo^isig  »10  ¥ 


Vss 

REF  IN 


Negative  Supply,  -15  V. 

Output  Offset  Resistor  for  DAC  A.  This  input  configures  the  output  ranges  for  DAC  A.  It  is  connected  to 
V(,uTA  for  the  +5  V  range,  to  GND  for  the  +10  V  range  and  to  REF  IN  for  the  ±5  V  range. 

Voltage  Reference  Input,  The  common  referepce  volt^e  for  both  DACs^is  applied  to  this  pin.  It  is  internally 
buffered  before  being  applied  to  both  DACs.  1%e  lMiHi>Mxence  volt^  for  correct  operai  on  of 

 \  
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TERMINQLQGy  „  _   

RELATIVE  ACCUKACY  (UNEyUUTY) 

Relative  Accuracy,  or  endpoint  linearity,  is  a  measure  of  the 
maximum  deviation  of  the  DAC  transfer  function  from  a 
straight  line  passing  through  the  endpoints  of  the  transfer  func- 
tion. It  is  measured  after  allowing  for  zero  and  full-scale  errors 
and  is  expressed  in  LSBs  or  as  a  percentage  of  full-scale  reading. 

DIFFEBENTIAL  NONUNEARTTY 

Differential  Nonlinearity  is  the  difference'beiWteii  the  measQied  ' 
change  and  the  ideil  1  liSB  :cba|«e  bet)ii!^.>a^tiifO:a(^a£^  n 
codes.  A  specified  dilteential  o^i&eaii^  ef  ±V  LSB  or  less:  > 
over  the  operating  temperature  range  ensures  monotonicity. 

SINGLE  SUPPLY  LINEARITY  AND  GAIN  ERROR 

The  output  amplifiers  of  the  AD7237/AD7247  can  have  true 
negative  offsets  even  when  the  part  is  operated  from  a  single 
+ 15  V  supply.  However,  because  the  negative  supply  rail  (Vss) 
is  0  V,  the  output  cannot  actually  go  negative.  Instead,  when 
the  output  offset  voltage  is  negative,  the  output  voltage  sits  at 
0  V,  resulting  in  the  transfer  function  shown  in  Figure  1 .  This 
"knee"  is  an  offset  effect,  not  a  linearity  error,  and  the  transfer 
function  would  have  followed  the  dotted  line  if  the  output  volt- 


OV 

NEGATIVE  r 
OFFSET  \ 


Figum  1.  EHect-)^  Negative  Off^  (Sliigle  Supply) 


Nonnally,  linearity  is  measured  between  zero  (alljQs  input  cpde). 
and  full  scale  (all  Is  input  code)  after  offset  and  full  scale  have 
been  adjusted  ^ttt  sr  aUovqet  fil9!t  jwe^l^  »  not  posnblcin  sffir 
gle  supply  operation  if  the  offset  is  negative,  due  to  the  knee  in 
the  transfer  function.  Instead,  linearity  of  the  AD7237/AD7247 
in  the  unipolar  mode  is  measured  between  full  scale  and  the 
lowest  code  which  is  guaranteed  to  produce  a  positive  output 
voltage.  This  code  is  calculated  from  the  maximum  specification 
for  negiative  oSset,  i.e„  libearity  is  measdi<ed  between  Codes  3 
'^■■aad 469S-.  ■  ■ 

'  .      I  I    ...  iv' '  >  jjO-onA  ,,    ,  ;/ 

■■   mraPOLAR  OFFSET  ERRORS 

Un^l^  Offset  Error  is  the  measured  output  voltage  from 
VouTA  °<'  VouTB  ^<^°s  loaded  into  the  DAC  latches  , 

when  die  DACs  are  configured  for  unipsdar  ouq^ut.  It  is  a  com- 
bination of  the  offset  errors  of  M  itt^^a^  mcpat  aniplifier. 

BIPOLAR  ZERO  ERROR 

Bipolar  Zero  Error  is  the  voltage  measured  at  Vou^r^  Vqutb 
when  the  DAC  is  connect  in  the  bipokr  mode  and  loaded  ' 
with  code  2048.  It  is  due  to  a  combination  of  offset  errors  in  the 
DAC,  amplifier  offset  and  mismatch  in  the  application  resistors 

around  the  amplifier. 

- . "  '  i 

FULL-SCALE  ERROR 

FuU-Scale  Error  is  a  measure  of  the  output  error  when  the  am- 
plifier output  is  at  full  scale  (for  the  bipolar  output  range  full 
scale  is  either  positive  or  negative  full  scale).  It  is  measured  with 
respect  to  the  reference  input  voltage  and  includes  the  offset 


DIGITAL  FEEDTHROUGH 

Digital  Feedthrough  is  the  glitch  impulse  injected  for  the  digital 
inputs  to  the  analog  output  when  the  data  inputs  change  state, 
but  the  data  in  the  DAC  latches  is  not  changed. 

For  the  AD7237  it  is  measured  with  LDAC  held  high.  For  the 
AD7247  it  is  measured  with  CSA  and  CSB  held  high. 

DIGITAL  CROSSTALK 

Digital  crosstalk  is  the  glitch  impulse  transferred  to  the  output 
of  one  converter  due  to  a  change  in  digital  code  to  the  DAC 
latch  of  the  o^ier  converter.  It  is  specified  in  nV  sees. 

DIGITAL-TO-ANALOG  GLITCH  IMPULSE 

This  is  the  voltage  spike  that  appears  at  the  output  of  the  DAC 
when  the  digital  code  changes  before  the  output  settles  to  its 
final  value.  The  energy  in  the  glitch  is  specified  in  nV  sees  and 
is  measiued  for  a  1  LSB  change  aroimd  the  major  cany  transi- 
tion (0111  nil  nil  to  1000  0000  0000). 


'1^  ^« 
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Typical  Performance  Graptm— iD|237/AD7247 


12 

1 

1  11.5 
J 


„=  +  15.75V- 

 v„ 

=  -15.75V) 

•lot.lVi«  =  0  »V  OR 

.4V) 

 1 

^  loo  (V,„  =  OV  or  > 

'ool 

2.S  I 

'    J'  ■  ■ 

JO 


+25 

TEMPERATURE  -  X 


Power  Supply  Current  vs.  Temperature 
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ctBcvsrfmms^m  

D/ASectioii 

The  AD7237/AD7247  contains  two  12-bit  voltage-mode  D/A 
conveners  consisting  of  highly  stable  thin  fihn  resistors  and  high 
speed  NMOS  single-pole,  double-throw  switches.  The  output 
voltage  from  the  converters  has  the  same  polarity  as  the  refer- 
ence voltage,  REF  IN,  allowing  single  supply  opeiatioai4tke-  j_ 
simplified  circuit  diagram  for  one  of  the  D/A  converters  &  C! 
shownnrFqpire^.  ~~    —         -    -       -  .  .  >   .  ^ 

The  REF  IN  voltage  is  internally  buffered  by  a  unity  gain  i 
amplffier  before  being  ^lied  to  the  D/A  conyerteis.  TIk  D/A 
conv^aMa«tiBBril.Birri  sealed  for  a  S  V  'refetence^aiii 
iiedtoREFIJI.  J"- 


ODBOOOBI  6  DBS  ODBIDODBH 


SHOWN  FOR  Mlk  lKWlBM: 


Figim]t  jp/A  Simplififid  Circuit  Biagiieim 
Internal  Reference 

The  AD7237/AD7247  has  an  on-chip  temperature  compensated 
buried  Zener  reference  (see  Figure  3)  which  is  factory  trimmed 
to  5  V  ±30  mV  (±50  mV  for  S,  T  Versions).  The  reference 
voltage  is  provided  at  the  REF  OUT  pin.  This  reference  can  be 
used  to  provide  the  reference  voltage  for  the  D/A  converter  (by 
connecting  the  REF  OUT  pin  to  the  REF  IN  pis)  tpid  the  off- 
set voltage  for  bip<^  outputs  (by  connecting  REF  OUT  to 
Rqfs)- 

The  reference  voltage  can  also  be  used  as  a  reference  for  other 
components  and  is  capable  of  providing  up  to  SOD  |iA  to  an 
external  load.  The  maximum  recommended  capacitance  on  REF 
OUT  for  normal  operation  is  SO  pF.  If  the  reference  is  required 
for  external  use,  it  should  be  decoupled  to  A6ND  (GND)  with 
a  200  O  resistor  in  series  with  parallel  combination  of  a  10  )iF 
tantalum  capacitor  and  a  0.1  )iF  ceramic  capacitor. 


External  Reference 

In  some  applications,  the  user  may  require  a  system  reference  or 
some  other  external  reference  to  drive  the  AD7237/AD7247 
reference  input.  References  such  as  the  AD386  5  V  reference 
provide  the  ideal  external  reference  source  for  the  AD7237/ 
AD7247  (see  Figure  9).  .  _^  

Op  Amp  Section 

The  output  of  the  voltage-mode  D/A  convoter  is  buffered  by  a 
noninvoting  CMOS  amidifier'.  The  Rofs  input  allows  d^erent 
ouq>ut  vote^  ranges  to  be  selected^  The  bnCfer  anq>lifie^  is 
capable  of  devdoping  +00  V  acnnral^ljfrload  to  GND.  The 
output  amplifier  can  be  operated  from  a  single  +  IS  V  su|>ply  by 
tying  Vss=d  V.  The  amplifier  can  also  be  operated  from  dual 
supplies  (±  IS  V)  to  allow  a  bipolar  output  range  of  -S  V  to 
-1^5  V.  The  advantages  of  having  dual  supplies  for  the  unipolar 
output  ranges  are  faster  settling  time  to  voltages  near  0  V,  full 
sink  o^bility  of  2.S  mA  maintained  over  the  entire  output 
range  and  the  elimination  of  the  effects  of  negative  offsets  on  the 
transfer  characteristic  (outlined  previously).  A  plot  of  the  single 
supply  output  sink  capability  of  the  amplifio'  is  shown  in  the 
Typiral  Performance  Graphs  sectirat. 

INTERFACE  LOGIC  INFORMATION  -  AD7247 

Table  I  shows  the  truth  table  for  AD7247  operation.  The  part 
contains  a  single,  parallel  12-bit  latch  for  each  DAC.  It  can  be 
treated  as  two  independent  DACs,  each  with  its  own  CS  input 
and  a  common  WR  input.  CSA  and  WR  control  the  loading  of 
data  to  the  DAC  A  latch  while  CSB  and  WR  control  the  loading 
of  the  DAC  B  latch.  If  CSA  and  CSB  are  both  low,  with  WR 
low,  the  same  data  will  be  written  to  both  DAC  latches.  All  con- 
trol signals  are  level  triggered  and  therefore  either  or  both 
latches  can  be  made  transparent.  Input  data  is  latched  to  the 
leqiective  latch  on  the  rising  edge  of  WR.  Figure  4  shows  the 
input  control  logic  for  the  AD7247,  while  the  write  cycle  timing 
(Uf^tm  for  the  part  is  shown  in  Figure  S. 
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DAC  B  UTCH 


Figure  4.  AD7247  Input  Control  Logic 
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Figure  5.  AD7247  Write  Cycle  Ti^ii^^f^gmn 


Figure  3.  Internal  Reference 
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CSA 

CSB 

WR 

Function 

X 

X 

1 

No  Data  Transfer 

1 

1 

X 

No  Data  Transfer 

0 

1 

0 

DACA  Latch  Transparent 

1 

0 

0 

DACB  l<atcli  Trwispwsut 

0 

0 

0 

X=  Don't  Care 

Table  I.  AD7247  Truth  Table 

INTERFACE  LOGIC  INFORMATION  -  AD7237 

The  input  loading  structure  on  the  AD7237  is  configured  for 
interfacing  to  microprocessors  with  an  8-bit-wide  data  bus.  The 
part  contains  two  12-bit  latches  per  DAC  -  an  input  latch  and  a 
DAC  latch.  Each  input  latch  is  further  subdivided  into  a  least 
significant  8-bit  latch  and  a  most  significant  4-bit  latch.  OtUy 
the  data  held  in  the  DAC  latches  determines  the  outputs  from 
the  part.  The  iiqnit  control  logic  for  the  AD7237  is  shown  in 
Figure  6,  while  the  write  cycle  timing  diagram  is  shown  ia 
Figure  7. 

CS,  WR,  AO  and  Al  control  the  loading  of  data  to  the  input 
latches.  The  eight  data  inputs  accept  right-justified  data.  Data 
can  be  loaded  to  the  input  latches  in  any  sequence.  Provided 
that  LDAC  is  held  high,  there  is  no  analog  output  change  as  a 
result  of  loading  data  to  the  input  latches.  Address  lines  AO  and 
Al  detennine  which  latch  data  is  loaded  to  when  CS  and  WR 
are  low.  The  selection  of  the  input  latches  is  shown  in  the  truth 
table  for  AD7237  operation  in  Table  II. 


CS 

WR 

Al 

AO 

LDAC 

Function 

1 

X 

X 

X 

No  Data  Transfer          i  1 
No  Data  Tranaeir  1 

X 

1 

X 

X 

0 

0 

0 

0 

DAC  A  LS  Input  Latch  Transparent 

0 

0 

0 

1 

DAC  A  MS  Input  Latch  Transparent 

0 

0 

1 

0 

DAC"B  LS  Iipiit  TMk  TiBwymmw 

0 

0 

1 

1 

DAC  B  MS  Ib^JU^  tm^pamft 

1 

1 

X 

X 

0 

DACh  and  DUffB  DilC  ImMm 

upomm  gtiwmwIWjWIIIwgr  IMHllyHlg 

Respective  Jjipmlm^bm 

X  =  Don't  Care. 


Table  II.  4D7237  Truth  fable 


However,  care  must  be  taken  while  exercising  LDAC  during  a 
write  cycle.  If  an  LDAC  operation  overlaps  a  CS  and  WR  oper- 
ation, there  is  a  possibility  of  invalid  data  being  latched  to  the 
output.  To  avoid  this,  LDAC  must  remain  low  after  CS  or  WR 
return  high  for  a  period  equtl  tMi  greater  Am  i|iWiiaiiBiiii-  - 
mum  LDAC  pulse  width.  '  f     j     0000  ^'f -j    -  : 


ADDRESS  VAUD 


I 


WR 


—I 


The  LDAC  input  controls  the  transfer  of  12-bit  data  from  the 
input  latches  to  the  DAC  latches.  Both  DAC  latches,  and  hence 
both  analog  outputs,  are  updated  at  the  same  time.  The  LDAC 
signal  is  level  triggered  and  data  is  latched  into  the  DAC  latch 
on  the  rising  edge  of  LDAC.  The  LDAC  input  is  asynchronous 
and  independent  of  WR.  This  is  useful  in  many  applications 
especially  in  tlie  simultaneous  updating  of  multiple  AD7237s. 
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APPLYING  THE  AD7237/AD7247 

The  internal  scaling  resistors  provided  on  the  AD7237/AD7247 
allow  several  output  voltage  ranges.  The  part  can  produce  uni- 
polar output  ranges  of  0  V  to  +5  V  or  0  V  to  + 10  V  and  a 
bipolar  output  range  of  ±5  V.  Connections  for  the  various 
ranges  are  outlined  below.  Since  each  DAC  has  its  own  Rqfs 
input  the  two  DACs  on  each  pan  can  be  set  19  for  (Sfiferent 
output  ranges. 

Unipolar  (0  V  to  +10  V)  Confignration 

The  first  of  the  configuiations  provides  an  output  voltage  range 
of  0  V  to  + 10  V.  This  is  achieved  by  connecting  the  output  off- 
set resistor,  Rofsa.  or  Rofsb.  to  AGND  (GND  for  AD7247). 
In  this  configuration,  the  AD7237/AD7247  can  be  operated 
from  single  or  dual  supplies.  Figiure  8  shows  the  connection  dia- 
gram for  imipolar  operation  for  DAC  A  of  the  AD7237,  while 
the  table  for  ouqiut  voltage  versus  digital  code  in  the  DAC  latch 
is  shown  in  Tahte  m.  Similar  connections  apply  to  the  AD7247. 


Unipolar  (0  V  to  -1-5  V)  Configuration 

The  0  V  to  -1-5  V  output  voluge  range  is  achieved  by  tying 
RoFSA  or  Rofsb  to  Vquta  or  Vqutb-  Once  again,  the 
AD7237/AD7247  can  be  operated  single  supply  or  from  dual 
supplies.  The  table  for  output  voltage  versus  digital  code  is  as  in 
Table  lU,  with  2  •  REF  IN  replaced  by  REF  IN.  Note,  for  this 
range,  1  LSB  =  REF  IN  •  (2"'^  =  (RgrillWW). 

Bipolar  Configmation 

The  bipolar  configuration  for  the  AD7237/AD7247,  vUck  gives 
an  output  rai^  of  -S  V  to  -t-S  V,  is  achieved  by  connecting 
RoFSA.  or  RbFSBj  to  REF  IN.  The  AD7237/AD7247  must  be 
operated  from  dual  supplies  to  achieve  this  output  voltage  range. 
Figure  9  shows  the  connection  diagram  for  bipolar  operation  for 
DAC  A  of  the  AD7247.  An  AD586  provides  the  reference  volt- 
age for  the  DAC  but  this  could  be  provided  by  the  on-chip  ref- 
erence by  connecting  REF  OUT  to  REF  IN.  The  code  table  for 
bipolar  operation  is  shown  in  TaUe  IV.  I 
ap!^  for  the  Ap7237. 


DAC  Latch  Contents 


DAC  Latch  Contents 


MSB  LSB 

Analog  Output,  Vo^^ 

MSB  LSB 

Analog  Output,  Vout 

nil  nil  nil 

+2  •  REF  IN  •  (4095/4096) 

nil  nil  nil 

-l-REF  IN  ■  (2047/2048) 

1000  0000  0001 

+2  ■  REF  IN  ■  (2049/4096) 

1000  0000  0001 

+REF  IN  •  (1/2048) 

100000000000 

+2  ■  REF  IN  ■  (2048/4096) 

=  +REF IN 

100000000000 

0  V 

0111  nil  nil 

+2  •  REF  IN  ■  (2047/40%) 

0111  nil  nil 

-REF  IN  •  (1/2048) 

000000000001 

+2  ■  REF  IN  •  (1/4096) 

0000  0000  0001 

-REF  IN  •  (2047/2048) 

000000000000 

0  V                     :niy,  -^l:;,, 

000000000000 

-KEF  mfd^mnamm:^^  m 

Note:  1  LSB  =  REF  IN/2048. 


Note:  1  LSB  =  REF  IN/2048. 


Table  III.  Unipolar  Code  Table  (0  to  +10V  Range) 


Table  IV.  Bipolar  Code  Table 
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MICROPROCESSOR  INTERFACING  -  AD7247 

Figures  10  to  12  show  interfaces  between  the  AD7247  and  the 
ADSP-2101  DSP  processor  and  the  8086  and  68000  16-bit 
micrdprocessinii.  In  all  tliree  interfaces,  the  AD7247  is  inenuq^- 
mapped  with  a  separate  memory  address  for  each  DAC. 

AD7247- ADSP-2101  iBtetfoce  — — -| 
Figure  IjO  shows  an  mterface  between  the  AD7247  and  di^ 
ADSP-2101.  The  12-bit  word  is  written  to  tBfe  selected  DAC 
latch  of  the~AD7247  in  a  single  instruction,  and  the  analoi ;  oat- 
put  responds  inunediately.  Pepte^n^  on  t|ie-^ock  fiequi  mf.  <€ 
the  ADSP-2101,  either  one  de^'tMeriviat  m  nijMt  hime  SB!  t» 
programmed  into  the  data  IBiBicsf  Wft  'ijpl'fflilMfiiiilifi'y  ^ 
the  ADSP-2101. 


DMS 
ADSP-2101 


DMD15 
DMDO 


DATA  BUS 


•ADDITIONAL  PINS  OMITTED  R3R  CLARITY 

Figure  10.  AD7247  to  ADSP-2101  Interface 
AD7247  -  8086  Interface 

Figure  1 1  shows  an  interface  between  the  AD7247  and  the  8086 
microprocessor.  The  12-bit  word  is  written  to  the  selected  DAC 
latch  of  the  AD7247  in  a  single  MOV  instnictian,  and  ib^tMl* 
log  output  responds  immediately. 


Figum  11.. 


AD7247  -  MC68000  Interface 

Interfacing  between  the  AD7247  and  the  MC68000  microproces- 
sor is  achieved  using  the  circuit  of  Figure  12.  Once  again,  the 
12-bit  word  is  written  to  the  selected  DAC  latch  of  the  AD7247 
in  a  single  MOVE  instruction.  CSA  and  CSB  have  to  be  AND- 
gated  to  provide  a  DTACK  signal  for  the  MC68000  when  either 
DAC  latch  is  selected. 


Wi  I  nW'il  b 


ADDITIONAL  PINS  OMITTED  FOR  CLARITY 


Figure  12.  AD7247  to  MC68000  Interface  ^ 

iWICROPROCESSOR  INTERFACING  -  AD7237 

Figures  13  to  15  show  the  AD7237  configured  for  interfacing  to 
microprocessors  with  8-bit  databus  systems.  In  all  cases,  data  is 
right-justified,  and  the  AD7237  is  memory-mapped  with  the  two 
lowest  address  lines  of  the  microprocessor  address  bus  driving 
the  AO  and  Al  inputs  of  the  converter. 

AD7237  -  808SA/8088  Interface 

Figure  13  shows  the  connection  diagram  for  interfacing  the 
AD7237  to  both  the  8085A  and  the  8088.  This  scheme  is  also 
suited  to  the  Z80  microprocessor,  but  the  Z80  address/databus 
does  not  have  to  be  demultiplexed.  The  AD7237  requires  five 
separate  memory  addresses,  one  for  the  each  MS  latch  and  one 
for  each  LS  latch  and  one  for  the  common  LDAC  input.  Data  is 
ilNitten  to  the  lesfpective  itipm  latch  in  two  mitt  s^mim^ 


3_£ 


^gam  13.  AD7237  to  8(mA/80^  Intertaee 


REV.  A 


laiciics  aiiu  upaaies  Dom  analog  outputs.  Alternatively,  tbe 
LDAC  input  can  be  asynchronous  or  can  be  common  to  a  num- 
ber of  AD7237S  for  simultaneous  updating  of  a  ntmiber  of  volt- 
age channels. 

AD7237  -  68008  Interface 

An  interface  between  the  AD7237  and  the  68008  is  shown  in 
Figure  14.  In  the  diagram  shown,  the  LDAC  is-derived  from  an 
asynchronous  LDAC  signal,  but  this  can  be  deiived  from  die 
(10^  •  x''  ''^'''^  decoder  as  in  the  previous  interface  diagram.  1 


Aia 

AO 


ADDRESS  BUS 


-    .        ■  ...  -   »,v  H%'a;.;.    t-,  dir.'   .  ^i.,-  •• 
..(I'V  lb  «u'J  etsihte  WiX-'jvj~v-'L-v  a-  la  ssm;  jowt^ti  ;..j..vj 


__.J 


2-3SS  DIGITAL-TO-ANALOG  CONVBRTEBS. 


AD7237  is  as  outlined  for  the  8085A/8088  interface.  For  the 
6502  microprocessor,  the  <|>2  clock  is  used  to  generate  the  WR, 
while  for  tlw  ^Q?  tjh^.E  ^gnal  is  used. 


R/W 
6602/6809 

<ti2  OR  E 


ADDRESS  BUS 


3_E 


■{> 


f 


cs 


AO  A1 


LDAC 

AD7237* 
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I^ANALjOG 

DcVICEo 

^     LC^MOS  Dual,  Complete, 
12-Bit/14-Bit  Senal  DACs 

.M7242/AD7244 

FEATURES 

!              :'     FUNCndNAt.  BLOCK  eOAgram 

Two  12-Bit/14-Bit  DACs  with  Output  Amplifien 

AD7242: 12-Bit  Resolution 

AD7244:  14-Bft  Resolution   

On-Chip  Voltage  Reference 
Fast  Settling  Time 

AD7242:  3  |i8  to  ±1/2  LSB 

AD7244:  4  its  to  ±1/2  LSB 
High  Spaed  Serial  Interface  ^  a 
Op«ata«ilmm  mS  V  SmwHw ' 
LowlHtwiir>>  WiWW^  t(i±vt 


\Aieai  V 


GENERAL  DESCRIPTION 

The  AD7242/AD7244  is  a  fast,  cmnplete,  dual  12-bit/14-b>t  volt 
age  output  D/A  convener.  It  conastst^  a  12-l»t/14-bit-DAC, 
3  V  buried  Zener  reference,  DAC  aOQm  Mt)^^  iMd  fe^ 
speed  serial  interface  logic. 

Interfacing  to  both  DACs  is  serial,  minimizing  pin  count  and 
allowing  a  small  paclcage  size.  Standard  control  signals  allow 
interfacing  to  most  DSP  processors  and  microcontrollers.  Asyn- 
chronous control  of  DAC  updating  for  both  DACs  is  made  pos- 
sible with  a  separate  LDAC  input  for  each  DAC. 

The  AD7242/AD7244  operates  from  ±  5  V  power  suppUes,  pro- 
viding an  analog  output  range  of  ±3  V.  A  REF  OUT/REF  IN 
fiinction  allows  the  DACs  to  be  driven  from  the  on-chip  3  V 
reference  or  from  an  external  reference  source. 

The  AD7242/AD7244  is  fabricated  in  Linear  Compatible  CMOS 
(LC^MOS),  an  advanced  mixed  technology  process  that  com- 
bines precision  bipolar  circuits  with  low  power  CJWOS  logic. 
Both  parts  are  available  in  a  24-pin,  0.3  inch  wide,  plastic  or 
hermetic  dual-in-line  package  (DIP)  and  in  a  28-pin,  plastic 
small  outline  (SOIC)  package.  The  AD7242  and  AD7244  are 
available  in  the  same  pinout  to  allow  easy  upgrade  from  12-bit 
to  14-bit  I 


PRODUCT  HIGHLIGHTS 

1.  Complete,  Dual  12-Bit/14-Bit  DACs 

The  AD7242/AD7244  provides  the  complete  function  for 
generating  voltages  to  12-bit/14-bit  resolution.  The  part  fea- 
tures an  on-chip  reference,  output  bufiter  amplifiers  and  two 
12-bit/14-bit  D/A  converters. 

2.  High  Speed  Serial  Interface  .-Ty^ 
The  AD7242/AD7244  provides  a  high  speed,  easy-to-use, 
serial  interface  allowing  direct  interfacing  to  DSP  processors 
and  microcontrollers.  A  separate  serial  port  is  provided  for 
each  DAC. 

3.  Small  Package  Size 

The  AD7242/AD7244  is  available  in  a  24-pin  DIP  and  a  28- 
pin  SOIC  package  offering  considerable  space  saving  over 
comparable  scdutions.  .V!i4Ea  w7' 

■  I.  --  :  M  obIi  UiBt: 

 i^liw  *?tWlb  0? ■•.  I  -   , . 
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AD7242/AD7244-SPECIFICATI0NS  "r 

=  2  kn,  Cl  =  100  pF.  Ml  Specifications     to      unless  oHienrise  notad.) 


=  +5  V  ±  5%,  Vss  =  -5  V  ±  5%,  AGND  =  DGND  = 
V,  REF  INA  =  REF  INB  =  +3  V.  Vout«,  Voutb  load  to  AGND:  Ri 


A07242 
J,AVenioiu'  K.B 


Units 


Tot 


Integral  Nonlioearity 
Differential  Nonlinear^ 
Bipolar  Zero  Error 
Positive  Full-Scale  Error^ 
Negative  Full-Scale  Error^ 


\2 
*1 
±1 
±5 
±5 
±5 


12 

±1/2 

±1 

±5 

*5 

±5 


Bits 

LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 


Gmnntscd  Moootomc 


REFERENCE  OUTPUT' 
REF  OUT  (S  +25°C 

to  T^ 
REFOUTTmpco 
Rcfentes  Load  Oungevoj— 
(AREFOUTvs.  41)  ^ 


2.99/3.01 
2.9g/3.02 
35 


2.99/3.01 
2.98/3.02 
35 

-1 


V  min/V  max 

V  min/V  max 
ppm/°C  typ 

mV  max 


•ran  6^  ? 

Reference  LoadCunettt  Gltuee<ft*j(XI  |iA) 

 .    ■'^VJc  V  e~  <i  ■■  -      -:-.t  x- 

3  V  ±  5%  '-"^    -  - 


REFERENCE  INPUTS 
REF  INA,  REF  INB  Input  Range 
Input  Current 


2.85/3.15 
1 


2.85/3.15 
1 


V  min/V  max 


LOGIC  INPUTS   _.  

(LDACA,  LDACB,  TFSA,  TFSB, 
TCLISA,  TCLRB,  DTA,  DTB) 
Input  High  Voltage,  V,nh 
Input  Low  Voltage,  Wjtti. 
Input  Current,  I^m 
Input  Capacitance,  Cj^* 


2.4 
0.8 
±10 
10 


2.4 
0.8 
±10 
10 


V  min 

V  max 

max 
pF  max 


Vbo  =  5  V  ±  5% 
Vdd  =  5  V  ±  5% 


ANALOG  OUTPUTS 

Output  Voltage  Range 
DC  Output  Impedance 
Short  Circuit  Ciurent 


iiiqUK)  j.'i.U 


±3 
0.1 

20 


±3 
0.1 
20 


V  nom 
n  typ 
mA  typ 


AC  CHARACTERISTICS" 
Voltage  Output  Settling  Time 
Positive  Full-Scale  Change 
Negative  Full-Scale  Change 
Digital-to-Analog  Glitch  Impulse 
Digital  Feedthrttugh 
Channel-to-Channel  Isoladon 


3 
3 
10 
2 

110 


3 
3 
10 
2 

110 


fjLS  max 
fi.s  max 
nV  sees  typ 
nV  sees' typ 
dB'typ.  ' 


Settling  Time  to  Within  ±  1/2  LSB  of  Final  Value 
Typically  2  m-s 
Typically  2  p-s 

DAC  Code  Change  All  Is  to  All  Os 


Voot<  = 


10  kHz-Sw  Wave ' 


POWER  REQUIREiVIENTS 

Total  Power  Dissipation 


+5 
^5 
27 
12 
195 


+5 
-5 
27 
12 
195 


V  nom 

V  nom 
mA  max 

mA  max 
mW  max 


±5%  for  Specified  Performance 
±5%  for  Specified  Performance 
Cumulative  Current  frtm  the  Two  V^p  Pins 
Cumulative  Current  from  the  Two  Vsg  Pins 
Typically  130  mW 


NOTES 

'Temperature  ranges  are  as  follows:  J,  K  Versions:  O^C  to  +70''C;  A,  B  Versions:  -40''C  lo  +85''C. 
'Measured  with  respect  to  REF  IN  and  includes  bipolar  offset  error. 

'For  capacitive  loads  greater  than  50  pF  a  series  resistor  is  required  (see  Internal  Reference  section^ 
^Sample  te&ed  @  +2SX  to  ensure  compliance. 
^lecificMions  subfca  to  change  without  notice. 


AD7242  ORDERING  GUIDE 


Tenqieiatiiie 

Integral 

Package 

Model 

Range 

Nonlinearity 

Option* 

AD7242JN 

0°C  to  +70°C 

±1  LSB  max 

N-24 

AD7242KN 

0°C  to  +70°C 

±1/2  LSB  max 

N-24 

AD7242JR 

0°C  to  +70°C 

±1  LSB  max 

R-28 

AD7242KR 

0°C  to  +70°C 

±1/2  LSB  max 

R-28 

AD7242AQ 

-40°C  to  +85°C 

±1  LSB  max 

Q-24 

AD7242BQ 

-40''C  to  +85"C 

±  1/2  LSB  max 

Q-24 

*N  =  Plastic  DIP;  Q  =  Cerdip;  R  =  SmaU  Outline  IC  (SOIC).  For 
ontline  infonnnian  teti  Ba^iig;  Isfoimatkm  sectUm. 


Z-360  BieiTAt-^nmNALOG'CONVERWm 


ftEV;0 


AD7242/AD7244 


Panmetei 


tV2  =431 


AD7244 


Unit* 


Ten f?iiiiitiliwiffiM<lilii<Miy 4tv  1  u  'niftitiiil 


DC  ACCURACY 
Resolution 
Integral  Nonlinearity 
Di^^oaitial  Nonlinearity 
Bipottr  Zero  Error 
PositiTe  Full-Scale  Error^ 
Negative  Full-Scale  Eiior^ 


14 

±2 

±1 

±10 

±10 

±10 


14 

±2 

±1 

±10 

±10 

±10 


Bits 

LSB  max 
LSB  max 
LSB  max 
LSB  max 
ISBnttH 


GwHWjjtal  Mwinwnif 


Hi 

Gt: 


RJSFERENCE  OUT?UT', 

"ref  out  @  +2Sx: 

T^„  to  T^, 
REF  OUT  Tempco 
Reference  Load  Change 

(AREF  OUT  vs.  M) 


2.99/3.01 
2.98/3.02 
35 

-1 


2.99/3.01 
2.98/3.02 
35 

-1 


V  min/V  max 

V  min/V  max 
ppni/°C  typ 


REFERENCE  INPUTS 
REF  INA,  REF  INB  Input  Range 
Input  Current 


2.85/3.15 
1 


2.85/3.15 
1 


V  min/V  max 
pji  max 


3  V  ±  5% 


LOGIC  INPUTS 


(LDACA,  LDACB,  TFSA,  TFSB, 
^  TCLKA,  TCLKB,  DTA,  DTB) 
Input  High  Voltage,  Vttm 
Input  Low  Voltage,  V|>il 
Input  Current,  Iqj 
Iiqnt  Capucttance,  C|m'* 


2.4 
0.8 
±10 
10 


2.4 
0.8 
±10 
10 


V  min 

V  max 
fiA  max 
pF  max 


Vdd  =  5  V  ±  5% 
Vdd  =  5V±S% 
V„  =  0VioVio 


ANALOG  OUTPiWS 

(VoUTAs  ^OUTb) 

Output  Voltage  Range 
DC  Output  Impedance 
Short  Circuit  Current 


±3 
0.1 
20 


±3 
0.1 
20 


ntyp 
'  iiaixyp 


 e^--'-t-'   ^  ,i, 

 •jn.ieiE.V  «  .A 


AC  CHARACTERISTICS* 
Voltage  Output  Settling  Time 
Positive  Full-Scale  Change 
Negative  Full-Scale  Change 
Digital-to-Analog  Glitch  Impulse 
Digital  Feedthrough 
Chaimel-to-Chaimel  Isolatian 


4 
4 
10 
2 

110 


4 
4 

10 

2 

110 


^s  max 
fis  max 
nV  sees  typ 
nV  sees  typ 
dB  typ 


Setthng  Time  to  Within  i±| 
Typically  2.5  (IS         " '  . 
Typically  2.5  pts  ./:qBaa»vw« 
DAC  Code  Change  AU  Is  to  All  Os  t^—^ 

VouT  =  10  kHz  Sine  Wave 


POWER  REQUIREMENTS 

Vdo, 


Total  Power 


+5 
-5 
27 
12 
US 


-1-5 
-5 
28 
13 


V  nom 

V  nom 
mA  max 
mA  max 


±5%  for  Specified  Performance 
±5%  for  Specified  Performance  .  * 

Cumulattve  Cuirent  fixim  the  Two  Vdd  Vm^2^ 
Cumulative  CurRU  fiom  the  Two  Vjg  Km 
Typical^  130  mW 


NOTES 

'Temperamre  ranges  are  as  follows:  J  Version:  0°C  to  +70°C;  A  Version:  -4tK  to  ■f'gS'Cj  S  Vemon: 
^Measured  with  respect  to  REF  IN  and  includes  bipolar  offset  enor. 

'For  capacitive  loads  greater  than  50  pF  a  scries  rcsutof  ii  iw[HirBd  (sec  Inttzml  Rcfeicocc  soiAim). 
^Sample  ttsccd  @  +2SX  to  ensure  compliance. 
SptcifiEMioiit  sublet  to  cbi^^c  widiont  i 


AD7244  ORDERING  GUIDE 


-ss'CtBi.ias'c.'"^ 


Xemperature 

Integral 

Package 

Model* 

Range 

Nonlinearity 

Option^ 

AD7244JN 

0°C  to  -F70°C 

±2  LSB  max 

N-24  wa 

AD7244JR 

0°C  to  -l-70°C 

±2  LSB  max 

R-28  - 

AD7244AQ 

-40°C  to  +S5'C 

±2  LSB  max 

Q-24 

AD7244S(^ 

-55°Cto  -t-125°C 

±2  LSB  max 

Q-24  i_ 

NOTES 

'To  order  MIL-STD-S83,  Class  B,  processed  parts,  add  /883B  lo  pan  num- 
ber. Contact  local  sales  o£Bce  for  miliiary  data  ^aet  and  mn^ifeitay^^ 
^  =  Plastic  DIP;  Q  =  Cerdip;  R  -  Small  OutiUne  IC  (SCK[€).  Fw 
tMMiM^  see  Fado^  luGor^a^^ 


.1  fHi 


HEV.fl 


amAt'm^NALOGmmmmm  imm. 


1<H  - 


'  <K  it/a,  1st  =  —a  t  I  an, HBMi  s  iiMU  =  U  f ) 


I  imit  9t  T  .  T 

I  imit  at  T  ,  T 

a\  A  mill)  *  Mw 

Version^ 

Units 

\i^MIUlUUilwVnJJlUUCUlB 

ti 

50 

ns  min 

TFS  to  TCLK  Falling  Edge 

75 

100 

ns  min 

TCLK  Falling  Edge  to  TFS 

ta' 

150 

200                      .  i 

ns  min 

TCLK  Cycle  Time 

t4 

30   

40 

ns  min 

Data  Valid  to  TCLK  Setup  Time 

tj 

75 

100 

ns  min 

Data  Valid  to  TCLK  tfuMtio^ 

t6 

40 

40  „ 

ns  min 

LDAC  Pulse  Width 

NOTES 

'Timing  specificatioiis  are  sanqde  tcKcd  at  +25°C  to  eii9i)re  compliance.  All  iaput  signids  are  apedfied  with  tr  = 
avolt^^elevBlof  in'rj):^    •  '  Tj..-,:"!5>I 

'Sec  Figure  6. 

'TCLK  Mark/Space  ratio  is  40/60  to  60/40. 


(f  =  S  ns  (10%  to  90%  of  S  V)  and  timied  from 


ABSOLUTE  MAlOMUM  llATOijGS* 

(Tj  =  +25X  unless  otlMM^  aMS 

Vdd  to  AGND  -0.3  V  to  +7  V 

Vss  to  AGND  +0.3  V  to  -7  V 

AGND  to  DGND   -0.3  V  to  V^d  +  0.3  V 

VouT  to  AGND  Vss  to  ^dt> 

REF  OUT  to  AGND   -0.3  V  to  Vdd  +  0-3  V 

REF  INA,  REF  INB  to  AGND   -0.3  V  to  Vod  +  0.3  V 

Digital  Inputs  to  DGND   -0.3  V  to  V^d  +  0.3  V 

Operating  Temperature  Raage 

J,  K  Versions  0°C  to  +70°C 

A,  B  Versions  -40°C  to  +85°C 

S  Version  -55°C  to  +  125°C 

Storage  Temperature  Range   — 65°C  to  +150°C 

Lead  Temperature  (Soldering,  10  sees)  +300°C 

Power  Dissipation  (Any  Package)  to  +75°C    550  mW 

Derates  above  +75-0  by   6  mW/°C 

CAUnON  


^Stresses  above  those  listed  under  "Absolute  Maximtun  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  Usted  in 
the  operational  sections  of  this  specification  is  not  implied.  Exposure  to 
absolute  maxtmnm  rating  conditions  for  extended  periods  may  affect  device 
reliabili?. 


ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  imconnected  devices  subject  to  high  energy  elecdo- 
static  fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  foam 
should  be  discharged  to  t&  destination  socket  before  devices  are  inserted. 


PIN  CONFIGURATIONS 


DIP 


SOIC 


fraA[T 
dta[T 
tclka[T 
dgnd|T 

TPl|T 

Vm,[7 
aqnd|T 

VoUTB  ^ 

Vss  [io 

TPS  [lT 
REF  MB  |l2 


AD7242/ 
AD7244 

TOP  VIEW 
(Not  Id  Scale) 


m|  REF  INA 

REF  OUT 
22]^ 
il]  VouTA 
»]  AGND 

!l]v„ 

is]  TPS 
\t\  DGND 
ii]  TCLKB 
li]  DTB 
u\  TFSB 
13]  LDACB 


•1  B>;°.<'i  -.Kiti.L.' 


LBACA  [7 

TFSA  |T 
DTA  (T 
NO  |T 
TCLKA  [T 
DGND  [T 
TP1  [7 

AGND  |T 
VoUTB  111 
NC  QT 
Vs,  [12 
TP2  jli 


»|  REFINA 

27]  REF  OUT 
iU  '^s 
25]  NC 
24]  Vo,„, 
23]  AQNO 
^  V„ 
<Not  to  Scale)  ^  TPS 

20]  DGND 
19]  TCLKB 
is]  NC 
17]  DTB 
ie]  TFSB 
is]  LDACB 


AD7242/ 
AD7244 
TOP  VIEVir 


NC  •  NO  CONNECT 
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^  Mnemonic  Description 


13 


14 


23 


24 


LDACA 


TFSA 


DTA 


TCLKA 


Load  DAC,  Logic  Input.  A  new  word  is  transferred  into  DAC  Latch  A  from  infiut  Lal^  A  on  the  filling 
edge  of  this  signal.  If  LDACA  is  hard-wired  low,  data  is  transferred  from  input  Latch  A'«*  DAC  Latch  A 
on  the  sixteenth  falling  edge  of  TCLKA  after  TFSA  goes  low. 

Transmit  Frame  Synchronization,  Logic  Input.  This  is  a  frame  or  synchronization  signal  for  DACA  data 
with  serial  data  expected  after  the  falling  edge  of  this  signal.- 


5 

DGND 

6 

TPl 

7 

Vdd 

g 

AGND 

9 

VoirrB 

10 

Vss 

11 

TP2 

12 

LDACB 


15 

DTB 

16 

TCLKB 

17 

DGND 

18 

TP3 

19 

Vdd 

20 

AGND 

21 

VoUTA 

22 

Vss 

Transmit  Data,  Logic  Input.  This  is  the  data  ii^t,i^^^;^^ji^f4jp^^g^^«|;).wi^  1]FS^\|ji5|,']^|^  ^ 
to  transfer  serial  data  to  input  Latch  A. 

"Trananit  Clock,  L(%ic  hspsa.  Smal  data  bits  fitr  H^C^  ue  Uitched  on  die  filling  edge  of  TCLKA  j^Mi 
TFSA  is  low. 

Digital  Ground.  Both  DGND  pins  for  the  device  must  be  tied  together  at  the  device. 
Test  Pin  1 .  Used  when  testing  the  device.  Do  not  coimect  anything  to  this  pin,  J 
Positive  Supply,  5  V  ±  5%.  Both        Pifs  for  the  device  must  be  ^tf'togll&r  at  the  device. 

Analog  Groimd.  Both  AGND  pins  for  the  device  must  be  tied  together  at  the  device. 

Analog  Output  Voltage  from  DACB.  This  output  comes  from  a  buffer  amplifier.  The  range  is  bipolar, 
*3VwithREFINB  = +3  V.  |    j  j  .  , 

Negative  Power  Supply,  -5  V  ±  5%.  Both  V^s  pins  for  the  device  must  be  tied  together  at  the  device. 

Test  Pin  2.  Used  when  testing  the  device.  Do  not  connect  anything  to  this  pin. 

DACB  Voltage  Reference  Input.  The  voilage  reference  for  DACB  is  applied  to  this  pin.  It  is  internally 
buffered  before  being  applied  to  DACB.  The  nominal  reference  voltage  for  correct  operation  of  the 
AD7242/AD7244  is  3  V. 

Load  DAC,  Logic  Input.  A  new  word  is  transferred  into  DAC  Latch  B  from  input  Latch  Bxta  the  filUnK-  I't 
edge  of  this  signal.  If  LDACB  is  hard-wired  low,  data  is  transferred  fnXB^a^utiLatdt  B  m  DAC  LotcbiB-jiiT 
on  the  sixteenth  falling  edge  of  TCLKB  after  TFSB  goes  low. 

Transmit  Frame  Synchronization,  Logic  Input.  This  is  a  frame  or  synchronization  signal  for  DACB  data 

with  serial  data  expected  after  the  falling  edge  of  this  signal. 

Transmit  Data,  Logic  Input.  This  is  the  data  input  which  is  used  in  conjunction  with  TFSB  and  TCLKB 
to  transfer  serial  data  to  input  Latch  B. 

Transmit  Clock,  Logic  Input.  Serial  data  bits  for  DACB  are  latched  on  the  falling  edge  of  TCLKB^^g|| .  ^|  j 
TFSB  is  low.  ,      .  ■  ' 


REP  OUT 


REFINA 


'       -I  '  —    'lUtrscn  101 

Digital  Ground.  Both  DGND  pins  for  the  device  must  be'tied  together  at  the  device.  i  ■■.■'i>  oi 

Test  Kn  3.  Used  when  testing  the  device.  Do  not  connect  anything  to  this  pin.  "  ''"^  1^ 

Positive  Power  Supply,  5  V  ±  5%.  Both  V^d  pins  for  ^jdevke^must  be  tied  togetha  at  die  device. 
Analog  Ground.  Both  AGND  pins  for  the  device  must  be  tied  together  at  the  device. 

Analog  Output  Voltage  from  DACA.  This  output  comes  from  a  buffer  amplifier.  The  range  is  bipolar, 
±3  V  with  REF  INA  =  +i  V. 

Negative  Power  Supply,  — 5  V  ±  5%.  Both  Vgs  pins  for  the  device  must  be  tied  together  at  the  device. 

Voltage  Reference  Output.  To  operate  the  DACs  with  this  internal  reference,  REF  OUT  should  be 
connected  to  both  REF  INA  and  REF  INB.  The  external  load  capability  of  the  reference  is  500  piA. 

HAICA  Voltage  Reference  Input.  The  voltage  reference  for  DACA  is  applied  to  this  pin.  It  is  internally 
buffered  before  being  applied  to  DACA.  The  nominal  reference  voltage  for  correct  operation  of  the 
AD7242/AD7244  is  3  V. 
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CIRCUIT  DESCRIPTION 

The  AD7242/AD7244  contains  two  12-bit/14-bit  D/A  converters, 
each  with  an  output  buffer  ampUfier.  The  part  also  contains  a 
reference  input  buffer  amplifier  for  each  DAG  and  an  on-chip 
3  V  rrference. 

D/A  Sei^im 

The  AD7242/AD7244  contains  two  12-bit/14-bit  voltage-mode 
D/A  converters,  each  consisting  of  highly  stable  thin  film  resis- 
tors and  high  speed  single-pole,  double-throw  switches.  The 
simplified  circuit  diagram  for  the  DAG  section  is  shown  in  Fig- 
ure 1 .  The  three  MSBs  of  the  data  word  are  decoded  to  drive 
the  seven  switches  A-G.  On  the  AD7242,  the  9  LSBs  switch  a 


9-bit  R-2R  ladder  structure  while  on  the  M)72**r^l>^  LSBs 
switch  an  11 -bit  R-2R  ladder  structuie.  The  output  voltage  from 
this  converter  has  the  same  pHtmBf  «s     i^mice  voltage, 
REF  IN. 

The  REF  IN  voltage  is  internally  buffered  by  a  imity  gain  am- 
plifier before  bdng  applied  to  the  D/A  converters  and  the  bipo- 
lar bias  circuitry.  The  D/A  converter  is  configured  and  scaled 
for  a  3  V  reference,  and  the  device  is  tested  with  3  V  applied  to 
REF  IN.  Operating  the  AP7242/AD7244  at  reference  vohages 
outside  the  ±5%  tolerance  range  may  result  in  degraded  perfor- 
mance from  the  part. 


REF  IN*  WV- 


»rvit  It. 


AGND 


'BUFFERED  REF  IN  VOLTAGE 

Figure  1.  DAC  Ladder  Structure 


Internal  Reference 

The  on-chip  reference  is  a  temperature-compensated  buried  Ze- 
ner  reference  which  is  factory  trimmed  for  3  V  ±  10  mV.  The 
reference  can  be  used  to  provide  both  the  reference  voltage  for 
the  two  D/A  converters  and  the  bipolar  biasing  circuitry.  This  is 
achieved  by  connecting  REF  OUT  to  REF  INA  and  REF  INB. 

The  reference  voltage  can  also  be  used  for  other  components 
and  is  capable  of  providing  up  to  500  jj-A  to  an  external  load. 
The  maximum  recommended  capacitance  on  the  reference  out- 
put pin  for  normal  operation  is  50  pF.  If  the  reference  output  is 
required  to  drive  a  capacitive  load  greater  than  50  pF,  then  a 
200  n  resistor  should  be  placed  in  series  with  the  capacitive 
load.  Decoupling  the  REF  OUT  pin  with  a  series  200  fl  resistor 
and  a  parallel  combination  of  a  10  (xF  tantalum  capacitor  and  a 
0. 1  (xF  ceramic  capacitor  as  in  Figure  2  reduces  the  noise  spec- 
tral density  of  the  reference  (see  Figure  4).  Using  this  decou- 
pling scheme  to  generate  the  reference  voltage  for  REF  INA  and 
REF  INB  gives  a  chaimel-to-channel  isolation  number  of  1 10  dB 
(amnecting  REF  OUT  directly  to  REF  INA  and  REF  INB 
gives  80  dB).  The  chaimel-to-channel  isolation  is  110  dB  using 
an  external  reference. 

External  Reference 

In  some  applications,  the  user  may  require  a  system  reference  or 
some  other  external  reference  to  drive  the  AD7242/AD7244  ref- 
erence inputs.  Figure  3  shows  how  the  AD586  reference  can  be 
conditioned  to  provide  the  3  V  reference  required  by  the 
AD7242/AD7244  reference  inputs. 


,  20012 
REF  OUT  O — VW 


7^ 
V 


REFERENCE 


0.1|lF 


Figure  2.  Circuit  Cor) nection  for  REF  OUT  with  an  External 
Capacitive  Load  of  Gresftsr  Tt^^^0  ,  ^ 


T — — — I 

T    12-BIT/14-Bn'         .  j>~*~9 
DAC  13>^ 


R 


_  12-BIT/14-Brr 
DAC 


AD724Z/AD7244* 


%um 
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Figure  3.  AD586  Driving  AD7242/AD7244  Reference  Inputs 
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Output  Amplifier 

The  outputs  from  each  of  the  voltage-mode  DACs  are  buffered 
by  a  noninverting  amplifier.  The  buffer  amphfier  is  capable  of 
developing  ±3  V  across  a  2  kfl  and  100  pF  load  to  ground  and 
can  produce  6  V  peak-to-peak  sine  wave  signals  to  a  frequency 
of  20  kHz.  The  output  is  updated  on  the  falling  edge  of  the  re- 
spective LDAC  input.  The  output  voltage  settling  time,  to 
within  1/2  LSB  of  its  final  value,  is  typically  less  than  2  (j-s  for 
the  AD7242  and  2.5  (is  for  the  AD7244. 

The  small  signal  (200  mV  p-p)  bandviridth  of  the  output  buffer 
amplifier  is  typically  1  MHz.  The  output  noise  from  the  ampli- 
fier is  low  with  a  figure  of  30  nV/\/Hz  at  a  frequency  of  1  kHz. 
The  broadband  noise  from  the  amplifier  exhibits  a  typical  peak- 
to-peak  figure  of  1-50  |xV  for  a  1  MHz  output  bandwidth.  Figure 
4  shows  a  typical  plot  of  noise  spectral  density  versus  frequency 
for  the  output  buffer  amplifier  and  for  the  on-chip  reference 
(inclucUng  and  excluding  the  decoupling  components). 


DAC  Latch  Contents 
M^P  LSB 

01 11  nil  iiu, 

01  11  nil  1110; 
OOOOOOPOOOOl 

00  00  ooijaioooe 

11  a  nn  nil,' 

10  00  0000  0001 
10  00  OOODiOOOO . 

-i-O.'MMCS  1fwv..a>i(p^m9rt» 
0  V-'JlA  .iuiii  p  .1  »Tj  eh-v-tslni 
-0;OM«ai»nt  oti  as=  --J-.n^'- 
-2.998S3SV 

Table  L  AP7Z<^       tiiptii(0iamft^G^  Tg^^iSogf% 

tsl,       .■!  1.  -    •  ■  I  r-      <  .■ nam  ^.fsaei'ttmn.  nadi 

.  ,i  — ,  [  .      •,. .  .v.,: 

DAC  Latch  Contents 
IMSB  LSB 

Analog  Output,  Voin* 

01 1111  nil  nil 
01  nil  nil  1110 

00  0000  0000  0001 
",      00  0000  0000  0000 

11  nil  nil  nil 

*      10  0000  0000  0001 
10  0000  0000  0000 

+  2.999634  V 
+  2.99268  V 
+0.000366  V 
OV 

-0.000366  y  ,  :^ 

-2.999634  V 
-3  V 

•Assuming  REF  IN  =  +3  V. 


Table  II.  AD7244  Ideal  Input/Output  Code  Table  Code 


Ik     2k  10k  2at 

FREQUENCV-H2 


Figure  4.  Noise  Spectral  Density  vs.  Frequency 
TRANSFER  FUNCTION 

The  basic  circuit  configuration  for  the  AD7242/AD7244  is 
shown  in  Figure  5.  Table  I  and  Table  II  show  the  ideal  input 
code  to  output  voltage  relationship  for  the  AD7242  and  AI)7244 
respectively.  Input  coding  for  the  AD7242/AD7244  is  2s 
complement.  , 


For  the  AD7242,  the  output  voltage  can  be  expressed  in  tenns 
of  the  input  code,  N,  using  the  following  relationship: 


2N-REFm 
4096 


VoOT  = 

where  -2048  £  N  £  +2047 

.  JFor  the  AP7244,  the  output  yoltage  can  be  eq>ressed  in  terms 
~tsf  tl»^  t^t  vabt,  K,  <i^^  following  tdgigaMp: 


Vqvt  - 

where  -8192  <  N  <  -H8191 


2  N  REF  m 
16384 


^AGND  ^AGND  ^DGND 
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Figure  S.  Basic  Connection  Diagram 
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^FIMING  AND  CONTROL  

Communkation  with  the  AD7242/AD7244  is  via  six  serial  logic 
inputs.  These  consist  of  separate  serial  clocks,  word  framing  and 
data  lims  fot.eeJl  DAC-  DAC  updating  is  controllBd  by  two 
digital  inputs,  LDAGAfor  updating  Vquta  and  LBACB  for 
updating  Voutb-  These  ttputs  can  be  assertcid  i]icte|>^fldently  of 
the  microprocessor  by  an  external  timer  vhen  ptt^  tipdating 
intervals  are  required.  Alternatively,  the  LDAGA  and  LDACB 
inputs  can  be  driven  from  a  decoded  address  bus  allowing  the 
microprocessor  control  over  DAC  updating  as  well  as  data  com- 
munication to  the  AD7242/AD7244  input  latches. 
The  AD7242/AD7244  contains  two  latches  p«»:  DAC,  an  input 
latch  and  a  DAC  latch.  Data  must  be  loaded  to  the  input  latch 
under  the  control  of  TCLKA,  TFSA  and  DTA  for  input  Lateh 
A  and  TCLKB,  TFSB  imd  DTB  fb*  iftpnt  Latch  B.  Data  is 
then  transferred  from  input  Latch  A  to  DAC  Latch  A  under 
the  control  of  the  LDACA  signal  while  LDACB  controls  the 
loading  of  DAC  Latch  B  from  input  Latch  B.  Only  the  data 
held  in  the  DAC  latches  determines  the  analog  outputs  of  the 
AD7242/AD7244. 

Data  is  loaded  to  the  input  latches  under  control  of  the  respec- 
tive TCLK,  TFS  and  DT  signals.  The  AD7242/AD7244  expects 
a  16-bit  stream  of  serial  data  on  its  DT  inputs.  Data  must  be 
valid  on  the  falling  edge  of  TCLK.  The  TFS  input  prp^nides  the 
frame  synchronization  signal  which  tells  the  AD7242/A67244 
that  valid  sqoal  ^a^ipil  be  available  on  the  DT  input  ^  the 


next  1«  fSafflng-esfees  ofTCLK.  Flgtae  6  shows  the  timing  dia- 
gram for  operation  of  either  of  the  t«w  seM  ii)tHit.i)«!t&  on  .the 
part.  —       •-.  1 

Although  16  bits  of  data  are  clocked  into  the  input  latch,  only 
12  bits  are  transferred  into  the  DAC  latch  for  the  AD7242  and 
14-bits  are  transferred  for  the  AD7244.  Therefore,  4  bits  in  the 
AD7242  data  stream  and  2  bits  in  the  AD7244  data  stream  are 
don't  cares  since  their  value  does  not  affect  the  DAC  latch  data. 
The  bit  positions  are  the  don't  cares  followed  by  the  DAC  data 
starting  with  the  MSB  (see  Figure  61 , 


The  respective  LDAC  signals  control  the  transfer  of  data  to  the 
respective  DAC  latches.  Normally,  data  is  loaded  to  the  DAC 
latch  on  the  falling  edge  of  LDAC.  However,  if  LDAC  is  held 
low,  then  serial  data  is  loaded  to  the  DAC  latch  on  the  sixteenth 
falling  edge  of  TCLK.  If  LDAC  goes  low  during  the  loading  of 
serial  data  to  the  input  latch,  no  DAC  latch  update  takes  place 
on  the  falling  edge  of  LDAC.  If  LDAC  stays  low  until  the  serial 
transfer  is  completed,  then  the  update  takes  place  on  the  six- 
teenth falling  edge  of  TCLK.  If  LDAC  returns  high  before  the 
serial  data  transfer  is  completed,  oOil^^lRch  update  takes 
place. 

If  seventeen  or  more  TCLK  edges  occur  while  TFS  is  low,  the 
seventeenth  (and  beyond)  clock  edges  are  ignored,  i.e.,  no  fur- 
ther data  is  clocked  into  the  input  latch  after  the  sixteenth 
TCLK  edge  following  a  falling  edge  on  TFS.  j 


1: 


□ON' 
CARE 


tV  dont  y  SEE  y 


NOTE  1: 

OONT  CARE  FOR  A072«;  DB12  AND  DB13  FOR  THE  AD7244 


Figure  6.  AD724Z/AD7244  riming  Diagram 
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MICKOPSQGESSPR  immFACING 

Micr(q>roeessQr-uiteif3cing  to  the  A'D7242/AD7244  is  via  a  serial 
bus  which  uses  standard  protocol  compatible  with  DSP  proces- 
sors and  microcontrollers.  The  communication  interface  consists 
of  a  separate  transmit  section  for  each  of  the  DACs.  Each  sec 
tion  h^  a  clock  signal,  a  data  signal  and  a  frame  or  strobe  0  ge> 

Figures  7  through  11  show  the  AD7242/AD7244  cwSgmA 
for  interfacing  to  a  number  of  popular  DSP  processors  and 
micro$^ntrollers. 

AD7242/AD7244  to  ADSP-2101/ADSP-2102  Interface 

Figure  7  shows  a  serial  interface  between  the  AD7242/AD7244 
and  the  ADSP-2101/ADSP-2102  DSP  processor.  The  ADSP- 
2101/ADSP-2102  has  two  serial  ports  and  in  the  interface  shown 
both  serial  ports  are  used,  one  for  each  DAC.  Both  serial  ports 
do  not  have  to  be  used;  in  the  case  where  onix  one  serial  port  is 
used,  an  extra  hne  (DACA/DACB  as  shown  in  the  other  serial 
interfaces)  vrould  have  to  decode  the  one  TFS  fine  to  provide 
TFSA  and  TFSB  lines  for  the  AD7242/AD7244. 


AD7242/AD7244 


■OBT1  •<^! 


TFS 
SCLK 
DT 


ADSP-2101/ 
ADSF-2102' 


r  TFS 
SPORT2  <  SCLK 

L  DT 


LDACA 
TFSA 
TCLKA 
OT» 

REFINA  ' 

REF  OUT 

REF INB 

LOACB 

TFSB 

TCLKB 

0TB 


AD7242/ 
AD7244' 
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Figure  7.  AD7242/AD7244  to  ADSP-2101/ADSP-2102 
,  Inteiface  ^  , 

The  three  serial  Unes  of  the  fust  serial  port,  SPORT  1,  of  the 
ADSP-2101/ADSP-2I02  connect  dnectly  to  the  three  serial  in- 
put lines  of  DACA  of  the  AD7242/AD7244.  The  three  serial 
lines  of  SPORT2  connect  directly  to  the  three  serial  Unes  on  the 
DACB'sKiil  input  port.  Data  from  the  ADSP-2101/ADSP-2102 
is  valid  dh'llie  falling  edge  of  SCLK.  A  common  LDAC  signal 
is  iised  to  drivti  ^  ^DACA  and  LDACB  inputs.  This  is  shown 
to  tie  goierated  Aarffatimer  or  dock  recovery  circuit  but  an- 
otner  control  os  «icbaess  Jiiie-of.tbe  AI>SB>2101/ADSP-2102 


could  be  used  to  drive  these  mputS.4lNast^«ely,  die  LDACA  ' 
and  LDACB  inputs  of  the  AD7242^X^II4  ^uld  be  hardwired 
low  and  in  this  case  the  update  of  the  DiflifetMtoaf  and  analog 
outputs  takes  place  on  the  16th  falling  edpSfiPS^K  (after  the 
respective  TFS  signal  goes  low). 

AD7242/AD7244  to  DSP56000  Interface 

A  serial  interface  between  the  AD7242/AD7244  and  the 
DSP56000  is  shown  in  Figure  8.  The  DSP56000  is  configured 
for  normal  mode,  asynchronous  operation  with  gated  clock.  It  is 
also  set  up  for  a  16-bit  word  with  SCK  and  SC2  as  outputs  and 
the  FSL  control  bit  set  to  a  0.  SCK  is  internally  generated  on 
the  DSP56000  and  applied  to  both  the  TCLKA  and  TCLKB 
mputs  of  the  AD7242/AD7244.  Data  from  the  DSP56000  is 
vaHd  on  the  falling  edge  of  SCK.  The  serial  data  line,  STD,  is 
drives  the  DTA  and  DTB  SiSt.Alt'dl&l'SS'ii^  -  '  " 
AD7242/AD7244.  'iW.-.  *«0i  S  W  JI.^  .  . 

The  SC2  output  provides  the  banas^pa^  for  valid  data.  This  i 
is  an  active  high  output  and  is  gated  vrith  a  DACA/DACB  con- 
trol line  before  being  appUed  to  the  TFSA  an<l  TFSB  inp^  ^  „; 
the  AD7242/AD7244.  The  DACA/DACB  toe  ^mfmsm 
DAC  serial  data  is  to  be  transferre(^^-S. 
active  when  SC2  is  active. 

.^s  in  the  previous  interface,  a  coi 
drivmg  the  LDACA  and  LDACB 

AD7244,  Once  again,  these  LDAC^l4r£aUIB^edlttrd«acd 
low,  in  which  case  Vquta  or  Voirffej^hgTBPtoB  d  oft 
teenth  faUing  edge^pf  SCK  after  the  Tift^tgDes 
k)w.  i   I  '  ■ 
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DTA 
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LDACB 
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Figure  8.  AD7242/AD7244  to  DSPS6000  Irtterface 
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AD7242/AD7244 


AD7242/AD7244  t»  TMS320C25  £limfiiei 
Figure  9  shows  a  setiiil  intei^ace  betwe@n  the  AD7242il&D7244  ' 
and  the  TMS320C2S  DSP  processor.  In  Ais  interface^  the 
CLKX  and  FSX  signals  of  the  TMS320C2S  are  generated  from 
the  doek/timer  circuitry.  The  FSX  pin  of  the  TMS320C25  must 
be  configured  as  an  input.  CLKX  is  used  to  provide  both  the 
TCLKA  and  TCLKB  inputs  of  the  AD7242/AD7244.  DX  of 
the  TMS320C2S  is  also  louKd  to,  the  serial  da^  line  of  each  in-  . 
putportoftheAD7242i^7i44.  ... 

Data  from  the  TMS32S)20  is  valid  on  the  fiOling  edge  of  CLKX 
after  FSX  goes  low.  lliS  FSX  signal  is  gated  with  tfaeDACA/ 
DACS  control  Ime  to  (toenliine  whether  TFSA  or  TFSB  goes 
low  when  FSX  goes  low. 


The  clock/timer  circuitry  also  generates  the  LDAC  signal  for  the 
AD7242/AD7244  to  synchronize  the  update  of  the  outputs  with 
the  serial  transmission.  As  in  the  previous  interface  diagrams,  a 
conunon  LDAC  input  is  shown  driving  the  LDACA  and 
LDACB  inputs  of  the  AD7242/AD7244.  Once  again,  these 
LDAC  inputs  could  be  hardwired  low,  in  which  case  yovTA 
VpuTft      fac  updated  on  the  sixteandi  iiiMi^  edgeof  CLKX 
after  ffie  T^A  or  TFSB  input  goes  l6#.;       '  ,  i 


■  AODfnONAL  P«S  OiariED  FOR  cuuvrY 

Figure  9.  AD7242/AD7244  to  TMS320C2S  Interface 
AD7242/AD7244  to  87C51  Interface 

A  serial  interface  between  the  AD7242/AD7244  and  the  87C51j 
microcontroller  is  shown  in  Figure  10.  TXD  of  tie  87C51  drives 
TCLKA  and  TCLKB  of  the  AD7242/AD7244  while  RXD 
drives  the  two  serial  data  lines  of  the  part.  The  TFSA  and 
TFSB  signals  are  derived  from  P3.2  and  P3.3,  respectively. 

The  87CS1  provides  the  LSB  of  its  SSUF  register  as  the  first  bit 
in  the  serial  data  stream.  Therefore,  the  user  will  have  to  ensure 
that  the  data  in  the  SBUF  register  is  arranged  correctly  so  that 
the  don't  care  bits  are  the  first  to  be  transmitted  to  the  AD7242/ 
AD7244  and  the  last  bit  to  be  sent  is  the  LSB  of  the  word  to  be 
loaded  to  the  AD7242/AD7244.  When  data  is  to  be  transmitted 
to  the  pan,  P3.2  (for  DACA)  or  P3.3  (for  DACB)  is  taken  low. 
Data  on  RXD  is  valid  on  the  falling  edge  of  TXD.  The  87C51 
transmits  its  serial  data  in  8-bit  bytes  with  only  eight  falling 
clock  edges  occurring  in  the  transmit  cycle.  To  load  data  to  the 
AD7242/AD7244,  P3.2  (for  DACA)  or  P3.3  (for  DACB)  is  left 
low  after  the  first  eight  bits  are  transferred  and  a  second  byte  of 
data  is  then  transferred  serially  to  the  AD7242/AD7244.  When 
the  second  serial  transfer  is  complete,  the  P3.2  line  (for  DACA) 
or  the  P3.3  Une  (for  DACB)  is  taken  high. 


of  TXD  aittr  the  lie^pective  TPS  signd  fi»  that  DXC  hra 
gone  low.  Altemativdy,  Afcaeheiiie  usetl  in  pie«iods  interfiio^  ^ 
iriiereby^die  LDAC  ii^i^' ate  driven  £ram  a  timer,  caii:tie 
used.   -i  ■■■  .  ■' 


TXD 
RXD 

P3.2 

87C51* 

■  jT.:  ' '  ■  '  ■  . 

LOACA  >v 

TCLKA 

DTA 

TFSA 

LDACB  AD7242/ 
AD7244' 

V 

TCLKB 

P3.3 

DTB 

TFSB 
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.. /figure  10.  AD7242/AD7244  to  87CS1  Interface 
AD7242/AD7244  to  68HC1I  Interface 

Figure  11  shows  a  serial  interface  between  the  AD7242/AD7244 
and  the  68HC1I  microcontroller.  SCK  of  the  68HC11  drives 
TCLKA  and  TCLKB  of  the  AD7242/AD7244  while  the  MOSI 
output  drives  the  two  serial  daa  lines  of  the  AD7242/AD7244. 
The  TFSA  and  TFSB  signals  ate  derived  firom  PC6  and  PC7, 
respectively. 

For  correct  operation  of  this  interface,  the  68HC11  should  be 
configured  such  that  its  CPOL  bit  is  a  0  and  its  CPHA  bit  is  a 
1.  When  data  is  to  be  naBanittEd  to  the  part,  PC6  (for  DACA) 
or  PC7  (for  DACB)  is  taken  low.  When  die  6^C11  is  config- 
ured like  this,  data^on  MOSI  is  valid  on  the  falling  edge  of 
SCK.  The  68HCI1  transmits  its  serial  data  in  8-bit  bytes  with 
only  eight  falling  dock  edges  occurring  in  the  transtnit  cycle.  To 
load  data  to  the  AD7242/AD7244,  PC6  (for  DACA)  or  PC7  (for 
DACB)  is  left  low  after  the  first  eight  bits  are  transferred  and  a 
second  byte  of  data  is  then  transferred  serially  to  the  AD7242/ 
AD7244.  When  the  second  serial  transfer  is  complete,  the  PC6 
line  (for  DACA)  or  the  PC7  line  (for  DACB)  te  taken  higji. 


SCK 
MOSI 

LDACA 

TCLKA 

DTA 

TFSA 

LDACB  AD7242/ 
AD7244* 

TCLKB 
DTB 

PC6 

eeHcii' 

PC7 
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ngure  11.  AD7242/AD7244  to  eSHCII  Interface 


Figure  10  shows  both  LDAC  inputs  of  the  AD7242/AD7244 
hardwired  low.  As  a  result,  the  DAC  latch  and  the  analog  out- 
put of  one  of  the  DACs  will  be  updated  on  sbcteenth  &Uing 


Figure  11  shows  both  LDAC  inputs  of  the  AD7242/AD7244 
hardwired  low.  As  a  result,  the  DAC  latch  and  the  analog  out- 
put of  one  of  the  DACs  will  be  updated  on  the  sixieendi  fidling 
edge  of  SCK  aftn  the  respective  TFS  signal  Ua  ibat  DAC  has 
gone  low.  Alternatively,  the  scheme  used,  m  naarious  interfaces, 
whereby  the  LDAC  inputs  fire        ism&  >  #ner,  cm  be 
used. 
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APPLYING  THE  AD7242/AD7244 

Good  printed  circuit  board  byout  is  as  important  as  the  overall 
circuit  design  itself  in  achieving  high  speed  converter  perfor- 
mance. The  AD7242  works  on  an  LSB  size  of  1.465  mV,  while 
the  AD7244  works  on  an  LSB  size  of  366  |j,V.  Therefore,  the 
designer  must  be  conscious  of  minimizing  noise  in  both  the- con- 
verter itself  and  in  the  surrounding  circuitry.  Switching  mode 
power  supplies  are  not  recommended  as  the  switching  spikes  can 
feed  through  to  the  on-chip  amplifier.  Other  causes  of  concern 
are  ground  loops  and  digital  feedthrough  from  microprocessors. 
These  are  factors  which  influence  any  high  performance  con- 
verter, and  a  proper  PCB  layout  whidi  minimizes  these  effects  is 
essentid  for  best  pertelHatti 

LAYOUT  HINTS 

Ensure  that  the  layout  for  the  printed  circuit  board  has  the  digi- 
tal and  analog  lines  separated  as  much  as  possible.  Take  care  not 
to  run  any  digital  track  alongside  an  analog  signal  track.  Estab- 
lish a  single  point  analog  ground  (star  ground)  separate  from  the 
logic  system  ground.  Place  this  star  ground  as  close  as  possible 
to  the  AD7242/AD7244.  Connect  all  analog  grounds  to  this  star 
ground  and  also  connect  the  AD7242/AD7244  DGND  pins  to 
this  ground.  Do  not  cetms^mew  a^lgt  ^g^gmmiii  to 
analog  ground  point. 


Low  impedance  analog  and  digital  pOMer  supply  common  re- 
turns are  essential  to  low  noise  opcfati^(t  cif  tetSb  i*f  rO^''"TBi>c^ 
conveners.  Therefore,  the  foil  wiM  tot  iliw         should  be 
kept  as  wide  as  possilde.  The  use  of  ground  ^anes  mWraizes 
impedance  paths  and  also  guards  the  analog  circuitry  fiom 
digital  noise. 

NOISE 

Keep  the  signal  leads  on  the  Vqvta       ^outb  signals  and  the 
signal  return  leads  to  AGND  as  shon  as  possible  to  minimize 
noise  coupling.  In  applications  where  this  is  not  possible,  use  a 
shielded  cable  between  the  DAC  outputs  and  their  destination. 
Reduce  the  ground  circuit  impedance  as  much  as  possible  since 
any  potential  difference  in  grounds  between  the  DAC  and  its 
destination  device  appears  as  an  error  voltage  in  series  tltt 
DAC  output. 
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1 2-Bit  Serial  DACPORT 
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AD724a. 


FEATURES 

12-Bit  CMOS  DAC  with 

On-Cliip  Voltage  Reference 

Output  Amplifier 
3  Selectable  Output  Ranges  

-5  V  to  +5  V,  iW^WO  tS  +W  V 
Serial  Interface 
300  kHz  DAC  Update  Rate 
Small  Size:  16-Pin  DIP  or  SOIC 
Noiilinearity:  ±1/2  LSB  T„,„  to  T„,, 
Low  Power  Dissipation:  100  mW  typical 

APPLICATIONS  I      ^  A.. 

Process  Control 
Industrial  Automation 
Digital  Signal  Processing  Systems 

liqiiii^SMpiiw^      '    vo,  >  ;<  -  . 


FUNCTIONAL  BLOCK  DIAGRAM 


GENERAL  DESCRIPTION 

The  AD7243  is  a  complete  12-bit,  voltage  output,  digital-to- 
analog  converter  with  output  amplifier  and  Zener  voltage  refer- 
ence on  a  monolithic  CMOS  chip.  No  external  trims  are 
required  to  achieve  full  specified  performance. 

The  output  amplifier  is  capable  of  developing  + 10  V  across  a 
2  kn  load.  The  oUQnit  vobage  ranges  widi  siBgte  supply  opera- 
tion are  0  to  4-5  V  or  0  to  +10  V,  wbSe  an.additional  byxilai 
±S  V  output  range  is  available  vridi  dual  supplies.  The  ranges 
are  sd^iaed  liiiing  tin  intenM'gain  resistor. 

The  data  format  is  nunral  binary  in-both  giii{)olar  ranges,  ndbile 
either  offset  binary  or  2s  complement  fbrmat  may  be  selected  in 
the  bipolat  fange.  A  CXJt.  function  is  provided  which  sets  the 
output  to  0  V  in  both  unipolar  ranges  and  in  the  2s  complement 
bipolar  range,  while  with  oSset  binary  data  format,  the  outimt  is 
set  to  -REFIN.  This  function  is  useful  as  a  power-on  reset  as  it 
allows  the  output  to  be  set  to  a  known  voltage  level. 

The  AD7243  features  a  fast  versatile  serial  interface  which  al- 
lows easy  connection  to  botltjn^crogamp^t^.and  16-bit  digital 
signal  processors  with  serial  ports.  The  serial  data  may  be  ap- 
plied at  rates  up  to  S  MHz  ^omng  a  DAf  update  rate  of 
300  kHz.  A  serial  data  output  aq»bility  is  also  provided  whidi 
aUbws  daisy  chaining  in  multi-DAC  systenis^This  feature  allows 
any  number  of  DACs  to  be  used  in  a  system  with  a  simple 
4-TOte  iwterface.  AUjDACs  niay  be  j]^d»ae8'i|imilniiieou«]y;:tis- 
ingLDAC.  • 


nte^(iD7243  is  &bricated  on  Iiae«r  COBvatible  CMOS 
(LC^OS),  an  advanced,  miaeed  jttrimtasgy  pittees^.  ft  ^padt- 
aged  in  16-pin  DIP  and  l$-pin  SOfC'piidaiBn;'^!    "  ' 

» 

PRODUCT  HIGHLIGHTS  i 

1.  Complete  12-Bit  DACPORT™ 

The  AD7243  is  a  complete,  voltage  output,  12-bit  DAC  on  a 
single  chip.  The  single  chip  design  is  inherendy  more  reliable 
than  multichip  designs. 

2.  Single  or  Dtial  Supply  Operation. 

3.  Minimum  3-wire  interface  to  most  DSP  processors. 

4.  DAC  Update  Rate-300  kHz. 

5.  Serial  Data  Output  allows  easy  daisy-chaiaitV-'^iiMdtigl^ 
DAC  sjretems.  '  '       •Ti-!a*i3J!rJ93>'  i-?  ■  ~i 


.rsKr,j7  ft  5:.»5t ' 


DACPORT  it  a  trademuk  of  Anaks  Deriew,  be. 
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(Voo  =  +12  V  to  +15  V,'  Vss  =  0  V  or  -12  V  to  -15  V,' 
nU  /  Z4u  or  tlf  I  r  I  Un  1 1 U  No  an  specifications  T„|„  to  T„„  unless  otherwise  noted.) 


Parameter 

Units 

Test  Conditioiis/Coiiunciits 

STATIC  PERFORMANCE 

Resolution 
Relative  Accuracy^ 
Differential  Nonlineaiity^ 

12 
±1 
±0.9 

12 

±1/2 
±0.9 

12 
±1 
±0.9 

Bits 

LSB  max 
LSB  max 

Guaranteed  Monot<mic 

-  U:^SSuXSS&  Erior^ 

Bipolar  Zero  Ercor^ 
FuU-Scale  Enor''  * 
Full-Scale  Temi!aatu»~CoeC&eiit 

±4 

±5 
±6 

±$  " 

±4 

±5 
±6 

±5 

±5 

±6 
±7 
±5 

LSBmax 

LSBmax 
LSB  max 

ppmof  FSR/ 
"Ctyp 

Vss  =  0  V  or  -12  VT8Pn2rii1*'I)»C  Lafch 
Contents  All  Os                                .  .  . 
Vss  =  -12  V  to  -15  V*;  D^iatch  CBOtedil^  Os 

.r-                 .».■»)!■:  -  ' 

REFERENCE  OUTPUT 
REFOUT 

Reference  Temperature  Coefficient 
Reference  Load  Change 
(AREFOUT  vs.  Ij.) 

4.95/5.05 

±25 

-I 

4.95/5.05 

±25 

-1 

4.95/5.05 

±30 

-1 

V  minA^  max 
ppm/^C  typ 

mV  max 

Reference  Load  Current  ^  ChangeXO-lW  t^J,,^ . 

REFERENCE  INPUT 
RefbCDCe  Inpnt.  Range,  REFB^ 
Input  Cnncnt 

4.95/5.05 
5 

4.95/5.05 

5 

4.95/5.05 
5 

V  min/V  inax 
\lA  max 

,  •  r  ■                  :• .',           "1  v'-i 
S  V  ±1%  for  Speci6ed  Pexfomunce 

DIGITAL  INPUTS 
Input  High  Voltage,  Vi^h 
Input  Low  Voltage,  Vujl 
Input  Current,  l^^ 
Input  Capacitance^ 

2.4 
0.8 
±1 
8 

2.4 
0.8 
±1 
8 

2.4 
0.8 
±1 
8 

V  min 

V  max 
|j.A  max 
pF  max 

..1 

DIGITAL  OUTPUT 
Serial  Data  Out  (SDO) 
Output  Low  Voltage,  Vqi, 
Output  High  Voltage,  Vo„ 

0.4 
4.0 

0.4 

4.0 

0.4 
4.0 

V  max 

V  min 

IsiNK  =  1.0  mA 
IsouRCE  —  M-A 

ANALOG  OUTPUT 
Output  Range  Resistor,  Rofs 
Output  Voltage  Ranges'* 
Output  Voltage  Ranges^ 
DC  Ou^ut  Impedance 

15/30 
+5,  +10 
+5,  +10,  ±5 
0.5 

15/30 
+5,  +10 
+5,  +10,  ±5 
0.5 

15/30 
+5,  +10 
+5,  +10,  ±5 
0.5 

kn  min/  max 

V 

V 

ntyp 

Single  Supply;  Vgs  =  0  V 

Dual  Supply;  Vss  =  -12  V  to  -15  V 

AC  CHARACTERISTICS' 
Voltage  Output  Setiling-Tiine 
Positive  Fnll-Scale  Change 

Negative  Full-Scale  Change 
Negative  Full-Scale  Change 
Digital-to-Analog  Glitch  Impulse^ 

Digital  Feedthrough^ 

10 
10 
10 

30 

10 

10 
10 
10 

30 

10 

12 
10 
10 
30 

10 

\LS  max 
M-s  max 
(IS  typ 

nV  sees  typ 

nV  sees  typ 

Settling  Time  to  Within  ±1/2  LSB  of  Final  Value 
Typically  3  fis 

Typically  5  (is;  Vss  =  -12  V  to  -15  V' 

Vss  =  0  V 

DAC  Latch  Contents  Toggled  Between  All  Os  . 
and  All  Is 
LDAC  =  High 

POWER  REQUIREMENTS 
Vdd  Range 

Vjs  Range  (Dual  Supidies) 
Idd 

Ijj  (Dual  Supplies) 

+  10.8/+16.5 
-10.8/- 16.5 
10 
4 

+  11.4/+ 15.75 
-11.4/- 15.75 
10 
4 

+  11.4/+15.75 

-11.4/-15.75 

12 

4 

V  min/V  max 

V  min/V  max 
mA  max 
oslk  nutt 

For  Specified  Performance  Unless  Otherwise  ,${Bted 
For  Specified  Performance  Unless  Otherwise  S^ted  _ 
Output  Unloaded;  Typically  7  mA          -     ^  ' 
Output  Unloaded;  Typically  2  mA 

NOTES 

^Power  Supply  Tolerance  A  Version:  +10%;  B,  S  Versions:  ±5%. 
^Temperature  Ranges  are  as  follows:  A,  B  Versions:  -40X  to  +85X; 
S  Version:  -55X  to  +125X. 
^ee  terminology. 

^Measured  with  respect  to  REFIN  and  includes  unipolar/bipolar  offset  error. 
'Sample  tested  (o-  -i-25^C  to  ensure  compliance. 
*0  to  +10  V  output  range  is  available  only  with  V^d  ^  +14.25  V. 
SpedGcadasu  siM^ect  to  change  n^diout  nolioe. 


ORDERING  GUIDE 


Temperature 

Relative 

Package 

Model 

Range 

Accuracy 

Option* 

AD7243AN 

-40°C  to  +85°C 

±1  LSB 

N-16 

AD7243BN 

-40°C  to  +85°C 

±  1/2  LSB 

N-16 

AD7243AR 

-40°C  to  +85°C 

±1  LSB 

R-I6 

AD7243BR 

-40°C  to  +85°C 

±  1/2  LSB 

R-16 

AD7243AQ 

-40''C  to  +85°C 

+  1  LSB 

Q-16 

AD7243BQ 

-40°C  to  +85°C 

±  1/2  LSB 

Q-16 

AD7243SQ^ 

-55°Cto  +125°C 

±1  LSB 

Q-16 

NOTES 

=  Plastic  DIP;  R  =  SOIC;  Q  =  Cerdip.  For  outline  infotnution  Gee  Pftckage 
Information  section. 

^Available  to  /883B  pcoceasing  only.  Contact  jiaiB!  teed  Sita  ialMse  for  iniUlaty 
data  sheet. 
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TIMING  CHARACTERISTtCS 


2  (Voo  =  +10.8  V  to  +16.5  V,  Vjs  =  0  V  or  -10.8  V  to 
Ri  =  2kn,     =  100  pF.  All  Specifications  1^  to  T,„„ 


-16.5  V,  AGND  =  DGND  =  0  V, 
unless  othemlse  noted.) 


Limit  at  +25°C 
(All  Versions) 


Limit  at  T^, 
(All  Versions) 


Unite 


Conditions/Coi 


ti 

h 

h 

U. 

h' 

h 

t7 
U 


200 

50 

120 

10 

100 

0 

50 

0 

75 

120 


200 

50 

190 

10 

100 

0 

50 

0 

75 

18»' 


ns  min 
US  min 

ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 


SCLK  Cycle  Time  ■ 

SYNC  to  SCLK  Falling  Edge  Setup  Time 

SYNC  to  SCLK  Hold  Time      .  .  . 

Data  Setup  Time  •    j  - 

Data  Hold  Time 

SYNC  High  to  LDAC  Low 

LDAC  Pulse  Width         ^,  „ 


LDAC  High  to  SYNC  Low 

CLR  Pulse  Width 

SCLK  Falling  Edge  to  SDO  VaUd 


NOTES  -;tl(» 

'Sample  tested  at  +25%  to  ensure  ctimpjiaiyx.  All  input  signals  are  spec^f^filfSSt  tt « lir»>  SiW^K  ta 
^See  Figures  7  &  8. 

'SCLK  mark/space  ratio  range  is  40/60  to  60/40. 
^DO  load  capacitance  is  no  greater  than  SO  pF. 


S  V)  and  tioied  &om  a  inbt«ge  Inrd  «f  L6  V. 


ABSOLUTE  MAXIMUM  RATINGS* 

(T»=  +25°C  unless  otherwise  noted) 

Vdd  to  AGND,  DGND  .'VT':  .  ....  -0.3  V  to  +17  V 

Vss  to  AGND,  DGND   +0.3  V  to  - 17  V 

AGND  to  DGND   -0.3  V  to  Vdd  +  0.3  V 

Vout'  to  AGND  <   -6  V  to  Vdd  +  0-3  V 

REFOUT  to  AGND   .  .  .   0  V  to  Vod 

REFIN  to  AGND   -0.3  V  to  Vdd  +  0.3  V 

Digital  Inputs  to  DGND  -0.3  V  to  Vdd  +  0.3  V 

SDO  to  DGND  -0.3  V  to  Vdd  +  0.3  V 

Operating  Temperature  Range 

Industrial  (A,  B  Versions)   -40°C  to  +85°C 

Extended  (S  Version)  -55°C  to  +125°C 

Storage  Temperature  Range   -65°C  to  +150°C 

CAUTION   


Lead  Temperature  (Soldering,  10  sees)  +300°C 

Power  Dissipation  (Any  Package)  to  +75°C   450  mV 

Deiat^^i^  ^^(S'&.bjs.jSfbTi  i..  .<-.tv  .  .v  ,  '.i^  j"; .  t  0iti|MnC 

NOTES 

'The  outputs  may  be  shoned  to  voltages  in  this  range  provided  the  power 
dissipation  of  the  package  is  not  exceeded.  Short  circuit  current  is  typically 
80  mA. 

^Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permidieiit  damage  to  lihe  deirice.  This  is  a  stress  rating  onfy  and  fimctional 
operation  of  the  device  at  these  or  any  other  conditions  above  dlose  listed  in  the 

operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
majdmum  rating  conditions  for  extended  periods  may  affect  device  reliability. 
Only  one  Absolute  Maximum  Rating  may  be  applied  at  any  time. 


ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  uncoimected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  t>e  stored  in  conductive  foam  or  shimts.  The  protective  foam 
diotdd  be  discharged  to  the  deslwntf(»  so«ltttMore  devices  are  inserted. 


WARNING! 


TERMINOLOGY 
Bipolar  Zero  Error 

Bipolar  Zero  Error  is  the  voltage  measiu^d  at  Vo„.i.  when  the 
DAC  isj^snfigiired  foE^l^nlar  output  and  loaded,  with  all  Os  (2s 
ComplMient  Coding)  or  widi  1000  0000  0000  (0£fset  Binary 
Codii%),  It  is  diie  t9  A.ci^|;BQ;ljoa.t!f  Qf(s^  ^s^gsji^  tlugP^:^ , ; 
amplifier  and  mismatch  between  the  internal  gain  resistors 
aroimd  the  amplifio:.  ,  , 

Fnll-Scale  Error 

Full-Scale  Error  is  a  measure  of  the  output  error  when  the  am- 
plifier output  is  at  full  scale  (for  the  bipolar  output  range  full 
scale  is  either  positive  or  negative  full  scale).  It  is  measm-ed  with 
lespe^iaithejKfezence  input  voltage  and  includes  the  offset 


Digital-to-Analaog  Glitch  bnpalse 

This  is  the  voltage  spike  that  appears  at  Vo^  when  the  digital 
code  in  the  DAC  latch  changes,  before  the  output  settles  to  its 
final  value;  The  energy  in  the  gUtch  is  specified  in  nV  sees,  and 
•iirmeasiwidiJw'pjill  sa<tes.difli^  &am;0O0O  0000  OOdO  to  ' 

nil  nil  im.  .'  

Digital  Feedthrqui^ 

This  is  a  measure  of  the  voltage  spike  that  appears  on  Vocrr  » 
result  of  feedthrough  from  the  digital  inputs  on  the  AD7243.  It 
is  measured  with  LDAC  held  high. 
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TERMINOLOGY  (CONTlNUH»   

Relative  Accuracy  (Lineari^) 

Relative  Accuracy,  or  endpoint  linearity,  is  a  measure  of  the 
TnaYimiinn  deviation  of  the  DAC  transfer  function  from  a 
straight  line  passing  through  the  endpoints  of  the  transfer  func- 
tion. It  is  measured  after  allowing  for  zero  and  full-scale  enors 
and  is  opiessed  in  ESBi  <#«s  a  peireentage  of  full-scale  reading. 

Single  Supply  Linearity  and  Gain  Error 
'Rte  ouQnit  amidifia  on  the  AD7243  can  have  true  negative  off- 
sets even  when  ttie  part  is  operated  from  a  single  +15  V  supply. 
However,  because  the  ne^ttive  supply  rail  (Vssl  0  V,  the  out- 
put cannot  actually  go  negative.  Instead,  when  the  output  offset 
voltage  is  negative,  the  output  voltage  sits  at  0  V,  resulting  in 
the  transfer  function  shown  in  Figure  1. 


negative/ 

OFFSET  I, 


figure  1.  Effect  of  Negative  Ofbet  iSittgle  Supiflyp' 


-'niis  'lmBe'^irsn  xsBserdfea,  not  s  Baearity  etm,  aird  the 
transfer  function  would  have  followed  the  dotted  line  if  the  out- 
put voltage  could  have  gone  negative. 

Normally,  linearity  is  measured  between  zero  (all  Os  input  code) 
and  full  scale  (all  Is  input  code)  after  offset  and  full  scale  have 
been  adjusted  out  or  allowed  for,  but  this  is  not  possible  in.«n-  . 
gle  supply  operation  if  the  offset  is  negative,  due  to  the  knee  in 
the  transfer  function.  Instead,  linearity  of  the  AD7243  in  the 
unqxdar  mode  is  measured  between  fiill  scale  and  the  lowest 
code  whidi  is  guaranteed  to  produce  a  positive  output  voltage. 
This  code  is  calculated  from  the  maximum  specification  for  neg- 
ative o£&et.  For  the  A  and  B  versions  the  linearity  is  measured 
between  Codes  3  and  4095.  For  the  S  grade,  linearity  is  mea- 
sured between  Code  5  and  Code  4095. 

Differential  Nonlinearity 

Differential  Nonlinearity  is  the  difference  between  die  measure^, 
change  and  the  ideal  1  LSB  change  between  any  two  adiaemt 
codes.  A  specified  differential  nonlinearity  of  ±  1  LSB  or  less 
over  the  operating  temperature  range  ensures  monotonicity. 

Unipolar  Offset  Error 

Unipolar  Offset  Error  is  the  measured  output  voltage  from 
Vqut  ^th  all  zeros  loaded  into  the  DAC  latch  when  the  DAC 
is  configured  for  unipolar  output.  It  is  due  to  a  combination  of 
the  offset  errors  in  the  DAC  and  output  amplifier. 


PIN  FUJifCTION  DESCRIPTION  (DIP  &  SOIC  PIN  NUMBERS> 


Pitt    Mnemonic  Descrqttion 


1      REFIN  Voltage  Reference  Input.  It  is  internally  buffeixd  before  beiiig  apphed  to  die  D^v'I%$l09l^ 

voltage  for  specified  operation  of  the  AD7243  is  5  V. 

■Z"  ',  REFOUT      Voltage  Reference  Output.  The  internal  5  V  analog  reference  is  provided  at  this  pin.  To  operate  the  part 
using  its  internal  reference,  REFOUT  should  be  connected  to  REFIN. 

3  CLR  Clear,  Logic  Input.  Taking  this  input  low  sets  Vqut  to  0  V  in  both  unipolar  ranges  and  the  2s  complement 

bipolar  range  and  to  —REFIN  in  the  offset  binary  bipolar  range. 

4  BIN/COMF     Logic  Input  .  This  input  selects  the  data  format  to  be  either  binary  or  2s  complement.  In  both  unipolar  ranges,  ^ 

natural  binary  format  is  selected  by  connecting  this  input  to  a  logic  "0."  In  the  bipolar  configuration,  offset 
binary  format  is  selected  with  a  logic  "0"  while  a.logic  "1"  selects  2s  complement  format. 

5  SCLK  Serial  Clock,  Logic  Input.  Data  is  clocked  into  the  input  roister  on  each  falling  SCLK  edge< 

6  SDIN  Serial  Data  In,  Logic  Input.  The  16-bit  serial  data  word  is  appUed  to  this  input. 

7  Sync  Data  Synchronization  Pulse,  Logic  Input.  Taking  dus  input  low  initializes  the  internal  logic  in  readiness  for 

a  new  data  word. 

8  DGND         Digital  Ground.  Ground  reference  for  all  digital  dicuitry. 

9  LDAC  Load  DAC,  Logic  Input.  Updates  the  DAC  output:  The  DAC  output  is  updated  on  the  falling  edge  of  this 

signal  or  alternatively  if  this  line  is  permanently  low,  m  aiuinnatie  update  mode  is  selected  wteieby  the ' 
DAC  is  updated  on  the  I6th  falling  SCLK  puke.  '    .    .  '  ■  J   -  ' 

10  'X  (DCm  .  ;       Daisy-Chain  Enable,  Logic  Input.  Comiect  dli&  pta  b|g^   «-aM^-<3iata  iiK 

this  pin  must  be  connected  low.  • '■  'l:',:---' 

11  SDO  Serial  Data  Out,  Logic  Output.  With  DC  EN  at  Logic '4'' tMs  output  is  embled,  and  4e  iSlJtf'aata  in  ^  ' 

input  shift  register  is  clocked  out  on  each  faUing  SCLK  edge. 

12  AGND  Analc^  GroUhd.  Gh>imd  reference  for  all  analog  circuitry.  ^  ,  , 

13  RoFs  Output  Offset  Resistor  for  the  amplifier.  It  is  connected  to  Vqut  for  the +5  V  range,  to  AGND  for  die 

+  10  V  range  and  to  REFIN  for  the  -5  V  to  +5  V  range.  _  ! 

14  Vqut  Aiialog  Output  Voltage.  This  is  the  biiffer  ampMer  output  voltage.  Three  different  oiitpnt  voltage  nmgM» 

can  be  chosen:  0  to  +5  V,  0  to  +10  V  and  -5  V  to  +5  V.  j^.  -u 

15  Vss  Native  Power  Suiq>Iy  (used  for  the  output  amplifier  only,  may  be  connected  to  0  V  for  sia^ 

operation  or  to  -12  V  to  -15  V  for  dual  supplies). 

16  Positive  Power  Siq>^y(+ 12  V  to  +  15  V). 
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CIRCUIT  INFORMATION 
D/A  Section 

The  AD7243  contains  a  12-bit  voltage  mode  D/A  converter 
consisting  of  highly  stable  thin  film  lesistors  and  high  speed 
NMOS  single-pole,  double-thrdw  switches.  The  output  voltage 
fix>ia':thlifi««H!erter.to  the  same  pal!uity  «  ^i^iilgsm»miik»MKi 
age,  REFIN,  allowing  single  supply  operation. 


*SUFFEReD  REFIN  VOLTAGE 

Figure  2.  D/A  Simplified  Circuit  Diagram 


Internal  Reference 

The  AD7243  has  an  on-chip  temperature  compensated  buried 
Zener  reference  which  is  factory  trimmed  to  5  V  ±  50  mV.'  The 
reference  voltage  is  provided  at  the  REFOUT  pin.  This  refer- 
ence can  be  used  to  provide  the  reference  voltage  for  the  D/A 
converterTbycS^O^  the  REFOUT  pin  to  the  REFIN  pin.) 

Tlie  r^enoe  TolGige  can  also  be  used  as  a  reference  for  other  ~ 
ocHOponents  and  is  cap^le  pf  providing  up  to  SOO  )iA  to  an  ex- 
ternal lo^r  The  mas^mun  tecomnKnded  capacitance  on 
REFOUi"  for  normal  operation  is  504)F...Il|Jie  reference  is  re- 
quired for  external  use  with  capacitive  loads  greater  than  SO  pF 
then  it  should  be  decoupled  to  AGND  with  a  200  Q  resistor  in 
series  with  a  parallel  cbmbinati^^a JO  |^ tmalu%cf^^ 
and  a  0. 1  \lF  ceramic  capacitor. 


 arwtnv  ' 

External  Reference 

In  some  applications,  the  user  may  require  a  system  reference  or ' 
some  other  external  reference  to  drive  the  AD7243.  References 
such  as  the  AD586  provide  an  ideal  external  reference  source 
(see  Figure  10).  The  REFIN  voltage  is  internally  buffered  by  a 
unity  gain  amplifier  before  being  applied  to  the  D/A  converter. 
The  D/A  converter  is  scaled  for  a  5  V  reference  and  the  device 
is  tested  with  5  V  applied  to  REFIN.  Other  reference  voltages 
may  be  used  with  degraded  performance,  figure  4  shows  the 
tyi^,^^radaiion  in  Imearja^^i^: jpljjj.  .. 


Vdd 

♦  15V 
-15V  - 
25-C 

Ta  = 

ML 

DNL 

.'Wilts 


REFIN- VolU 


Figure  4.  Typical  Linearity  vs.^n 

~\  •- 

Qpdbnp  Section 

Tift 'output'of  the  voltage  mode  D/A  converter  is  buffered  by  a 
noninverting  CMOS  amplifier.  The  Rogs  i°?!'t  allows  three  out- 
put voltage  ranges  to  be  selected.  The  buffer  amplifier  is  capable 
of  developing  + 10  V  across  a  2  kfl  load  to  AGND. 

The  output  amplifier  can  be  operated  from  a  single  + 12  V  to 
+  15  V  supply  by  tying  Vgs  =  0  V. 

The  ampUfier  can  also  be  operated  from  dual  supplies  to  allow 
an  additional  bipolar  output  range  of  —5  V  to  +5  V.  Dual  sup- 
plies are  necessary  for  the  bipolar  output  range  but  can  also  be 
used  for  the  unipolar  ranges  to  give  faster  settling  time  to  volt- 
ages near  0  V,  to  allow  full  sink  capability  of  2.5  mA  over  the 
entire  output  range  and  to  eliminate  the  effects  of  negative  off- 
sets on  the  transfer  characteristic  (outlined  previously).  A 
plot  of  the  output  sink  capability  of  lir,iitnri|ifiitr  is  tthmm  in 
Figure  5.  ' 
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The  AD7243  contains  an  input  serial  to  paralld  diift  legistn 
and  a  DAC  btdi.  Ajsimplified  diagram  of  the  input  loading  dr- 
cuitiy  is  shown  in  Figoie^fe.  Serial  data  on  the  SDIN  input  is 
loaded  to  the  nqnit  Rgister  under  control  of  DCEN,  SYNC  and 
SCLK.  When  a  complete  word  is  held  in  the  shift  register,  it 
may  then  be  loaded  into  the  DAC  latch  under  control  of  LDAC. 
Only  the  data  in  the  DAC  latch  determines  the  analog  output  on 
the  AD7243. 

The  DCEN  (dais]^«^mli  etnSrie)  inpitt  is^'meia  to  idedt  either  a 
stand-alone  mode  or  a  dimi^^^iaia  nidttti'^nHi  IdtdlQgf&i^ 
iiait' '  "     sUghtly  different  depending  on  which  mode  is  selected. 
Serial  Data  Loading  Format  (Stand-Alonc  Mode) 
With  DCEN  at  Logic  0  the  stand-alone  mode  is  selected.  In  this 
mode  a  low  SYNC  input  ptovida  the  ficame  synchronization 
signal  which  tells  the.AD7243  that  valid  serial  data  on  the  SDIN 
input  will  be  available  for  the  next  16  falling  edges  of  SCLK. 
An  internal  counter/decoder  circuit  provides  a  low  gating  signal 
so  that  only  16  data  tnts  m  docked  into  the  input  diift  regBter. 
After  16  SCLK  pulses  the  internal  gating  signal  goes  inactive 
(high)  thus  loci^kg  out  any  further  clock  pulses.  Therefore, . 
either  ajCSStiuuous  dloek  or  a  jsnst -^qt^  sOutce  may  be,  ^sed  to 
dock  in' the  data. 


The-S¥I4e  iiqnir  duwM  be  taken  Irigli  after  the  couiptene  -l6-1)ir ' 
word  is  loaded  in.   /■  ,'(;-■ 

Although  16  bits  of  data  a»  dbdced  Mid  the  input  register,  only 
the  latter  12  bits  get  transferred  into  the  DAC  btch.  The  first  4 
bits  in  die  16  bit  stream  are  don't  cares  since  their  value  does 
not  a£fect  tlw  DAC  latch  data.  Therefore,  the  data  format  is  4 
don't  cares  followed  by  the  12-bit  data  word  widi  the  LSB  as 
the  last  bit  in  the  serial  stream. 

There  are  two  ways  in  which  the  DAC  latch  aitd  hence  the  ana- 
log output  may  be  updated.  The  status  of  the  LDAC  input  is 
examined  after  SYNC  is  taken  low.  Depending  on  its  status,  one 
of  two  update  modes  is  selected. 

If  LDAC  =  0,  then  the  automatic  update  mode  is  selected.  In 
this  mode  the  DAC  latch  and  analog  output  are  updated  auto- 
matically when  the  last  bit  in  the  serial  data  stream  is  clocked 
in.  The  update  thus  Bdtes  place  on  the  sixteenth  falling  SCLK 
edge. 


If  LDAC  =  1,  then  the  automatic  update  is  disabled  and  the 
DAC  latch  is  updated  by  taking  LDAC  low  any  time  after  the 
16-bit  data  transfer  is  complete.  The  update  now  occurs  on  the 
falling  edge  of  LDAC.  Note  that  the  LDAC  input  must  be 
takeHlii^^d^  again  before  the  next  data  trailer  is  initiated. 


DCEN  O- 
SVNC  O- 


SCLK  O- 
SOM  O- 


XBUe  o- 


RESET  EN 

COUNTER/ 
DECODER 


GATED 

INPUT  SHIFT  REGISTER  (IS  BITS) 


AUTQ^UPIMTE 


z 


IMC  LATCH  (12  B(T5) 


.-  -r 

■-  i.: 


Figure  6.  Simplified  Loading  Structure        ,  , 
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Serial  Data  Loading  Format  (Daisy-Chain  Mode)         /  .,   n  i 

By  connecting  DCEN  high  the  daisy-chain  mode  is  enaBM.,-i-,1 
This  mode  of  operation  is  designed  for  multi-DAC  systems 
vbere  several  AD7243s  may  be  coimected  in  cascade  (see  Fig- 
ure 16).  In  this  mode  the  internal  gating  circuitry  on  SCLK  is 
disabled,  and  a  serial  data  output  facility  is  enabled.  The  inter- 
nal gating  signal  is  permanently  active  (low)  so  that  the  SCLK 
signal  is  continuously  applied  to  the  input  shift  register  when 
SYNC  is  low.  The  data  is  clocked  into  the  register  on  each  fall- 
ing SCLK  edge  after  SYNC  going  low.  If  more  than  16  clock 
pulses  are  applied,  the  data  ripples  out  of  the  shift  register  and 
appears  on  the  SDO  line.  By  connecting  this  line  to  the  SDIN 
input  on  the  next  AD7243  in  the  chain,  a  multi-DAC  interface 
may  be  constructed.  Sixteen  SCLK  pulses  are  required  for  each 
DAC  in  the  system.  Therefore,  the  total  number  of  clock  cycles 
must  equal  16N  where  N  is  the  total  number  of  devices  in  the 
chain.  When  the  serial  transfer  to  all  devices  is  complete,  SYNC 
should  be  taken  high.  This  prevents  any  further  dM  bdflk 
clocked  into  the  input  register.  [  I 


A  continuous  SCLK  source  may  be  used  if  it  can  be  arranged 
that  SYNC  is  held  low  for  the  correct  number  of  clock  cycles. 
Alto^i^^, »  bii^  9lo(^^(^^^u  ^QM^pm 

Whefa  fee  taaafeF  to  «11  iigitt  re^am3m4mt^k>>S'*  common  ' 
LDAC        updates  aU  DAC  tetditt  «^  ike  lower  12  bks  of  ' 
data  in  each  input  register.  All  aiudog  outputs  are  therefore  up- 
dated simultaneously  on  the  falling  edge  of  LDAC. 

Clear  Function  (CLR) 

The  clear  function  bypasses  the  input  shift  register  and  loads  the 
DAC  Latch  with  all  Os.  It  is  activated  by  taking  CLR  low.  In  all 
ranges  except  the  Offset  Binary  bipolar  range  (-5  V  to  -1-5  V) 
the  output  voltage  is  reset  to  0  V.  In  the  o£fset  binary  bipolar 
range  the  output  is  set  to  -REFIN.  The  clear  function  is  espe- 
cially usefiil  at  power-up  as  it  enables  the  output  to  be  reset  to  a 
known  state. 


I  »3 


—iJLLlL-A  is_A__!!§§_J  (s_A  LSB 


1.    r~n  l°-».^ir-T^psrir^ip? 
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Figure  8.  Timing  Diagram  (Daisy-Ctiain  Mode) 
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APPLYING  THE  AD7243    ^ 

Power  Supply  Decoupling: 

To  achieve  optimum  performance  when  using  the  AD7243,  the 
and  Vss  lines  should  each  be  decoupled  to  DGND  using 
0.1  plF  capacitors.  In  noisy  environments  it  is  recommended 
that  10  M.F  capacitors  be  connected  in  parallel  with  the  O.liiF 
capacitors. 

The  internal  scaling  resistors  provided  on  the  AD7243  allow  sev- 
eral output  voltage  ranges.  The  part  can  produce  unipolar  out- 
put ranges  of  0  V  to  +5  V  or  0  V  to  + 10  V  and  a  bipolar 
output  range  of  ±5  V.  Cotmections  for  the  various  ranges  are 
outlined  below. 

Unipoiar  (0  V  to  +10  V)  Configuration 

The  first  of  the  configurations  provides  an  output  voltage  range 
ofOVto  -I-IOV.  This  is  achieved  by  connecting  the  output 
offset  resistor  Rqfs  CPin  13)  toAGND.  Natural  Binary  data  for- 
mat is  selected  by  connecting  BIN/COMP  (Pin  4)  to  DGND.  In 
this  configuration,  the  AD7243  can  be  operated  using  either 
single  or  dual  supplies.  Note  that  the  Vde,  supply  must  be 
^  + 14.25  V  for  this  range  in  order  to  maintain  sufficient  ampli- 
fier headroom.  Dual  supplies  may  be  used  to  improve  settling 
time  and  give  increased  current  sink  capability  for  the  amplifier. 
Figure  9  shows  the  connection  diagram  for  uni^lar  operation  of 
the  AD7243.  Table  I  shows  ttelfetalWe  vs.'WSlog  offlCprit 
for  this  configuration. 


y 


OVORVg, 
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Figure  9.  Unipolar  (Oto  +tO  V)  Configuratiort 


bput  Data  Word 

MSB  LSB 

Analog  Output,  Vq^t 

xxxx  nil  nil  iiii 

-H2REFIN 

(4095/4096) 

XXXX  1000  0000  0001 

4-2REFIN 

(2049/4096) 

xxxx  1000  0000  0000 

4-2REFIN 

(2048/4096)  =  -J-REFIN 

xxxx  0111  nil  nil 

-^2REFIN 

(2047/4096) 

xxxx  0000  0000  0001 

4-2REFIN 

(1/4096) 

xxxx  0000  0000  0000 

0  V 

Unipolar  (0  V  to  +S  V)  Qntfignratioa 
The  0  V  to  +5^  otttpwubltBge  range-is  achieved' by  tsaiBee^ag 
RoFs  to  Voirr-        again^  die  AD7243  can  be  operated  using 
either  s^igle  or  di^-sdnaies;  The  table  for  output  voitagt  vs. 
digital'icade  it  as  in  THfale^I,  with  2REFIN  replaced  hf  KEFIN. 
Note,  for  this  range,  1  LSB  =  MFIN  •  (r")  =  (REnN/4096). 
Bipolar  (±5  V)  Configuration  " 
The  bipolai'  coi!d|Mftietf4oir  the  AD7243,  which  gives  an  out- 
put range  oT'^'^yV'W^-W;  is  achieved  by  connecting  Rqfs  to 
REFIN.  The  AD7243  must%e  operated  from  dual  supplies  to 
achieve  this  output  voltage  rthgt.  Ether  offset  binary  or  2s 
complement  data  fbrmat  may  be  selected.  Figure  10  shows  the 
connection  diagram  for  bipolar  operation.  An  AD586  provides 
the  reference  voltage  for  the  DAG  but  this  could  be  provided  by 
the  on-chip  reference  by  coimecting  REFOUT  to  REFIN. 


I  GND 


'  •ADOmoiUU.  PINS  OHITTEO  FOR  CLARITY  „  ^ 

Figure  10.  Bipolar  Configuration  with  External  Reference 

B^ibbur  Operation  (2s  Coniplemeiit  Daia  Fonnat) 

Jlfi,.AK724i  fe  bpa8feed.fiir  2  s  oamptosiii-dats  fonnat  % 
connecting  BIN/COMP  (Fin  4)  hig^.  The  anal%  output  vs.  dig- 
ital code  is  shown  in  Table  11. 


Input  Data  Word 

MSB  LSB 


XXXX  on;  \\\\  UU 
'i^£k^iftSi^odb§^l 

xxxx  0000  0000  0000 

xxxx  nil  nil  ini 

xxxx  1000  0000  0001 
xxxx  1000  0000  0000 


Analog  Output,  Vqjjt^ 

-l-REFIN  •  (2047/2048) 
4-REFIN  •  (1/2048) 
OV 

-REFIN  •  (1/2048) 
-REFIN  •  (2047/2048) 
-REFIN  •  (2048/2048)= 


-REFIN 


X  =  Don't  Care. 

Note:  1  LSB  =  2REnN/4096. 


X  =  Don't  Care. 

Note:  1  LSB  =  REFIN/2048. 

Table  II.  2s  Complement  Bipolar  Code  Table 

Bipolar  Operation  (Offset  Binary  Data  Format) 
The  AD7243  is  configured  for  Offset  Binary  data  format  by  con- 
necting BIN/COMP  (Pin  4)  low.  The  analog  output  vs.  digital 
code  may  be  obtained  by  inverting  the  MSB  in  Table  II. 


Table  I.  Unipolar  Code  Table  (0  to  +10  V  Range) 
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MICROPROCESSOR  INTERFACING 

Aiicroprocessor  interfacing  to  the  AD7243  is  via  a  serial  bus 
wbirihLjtmfratM(|ard  protocol  compatible  with  DSP  processors 
and  i^oOcontroUers.  The  communications  channel  requires  a 
three-wire  interface  consisting  of  a  clock  signal,  a  data  signal 
and  a  synchronization  signal.  The  AD7243  requires  a  16-bit  data 
word  with  data  valid  on  the  falling  edge  of  SCLK.  For  all  the 
interfaces,  the  DAC  update  may  be  done  automatically  when  <lM 
the  data  is  dock^  ip  qu  it  may  be  done  under  control  of 
LDAC.        )  '  ;  i 

Figures  11  to  16  show-^fl^  A£>7243  configured  for  itaedadng  m 
a  number  of  popular  DSP  processors  and  microcontrollers. 

AD7243-ADSP-2101/ADSP-2102  Interface 
Figure  1 1  shows  a  serial  interface  between  the  AD7243  and  the 
ADSP-2101/  ADSP-2102  DSP  processor.  The  ADSP-2101/ 
ADSP-2102  contains  two  serial  ports,  and  d&er  port  may  be 
used  in  the  interface.  The  data  transfer  is  initiated  by  TFS  go- 
ing low.  Data  from  the  ADSP-2101/ADSP-2102  is  clocked  into 
ibs  AD7243  on  the  falUng  e^W<Ste,K.  m»  the^teC8a^' 
fer  is  cpfi^iietrf,  TTf%  take<r'*%h.Tn'thrifltAi^  shijwn  fihe 
DAC  is  Updated  using  an  extemdi  timer  which  generates  an 
LDAC  ptilse;  This  could  also  be  done  using  a  control  or  de- 
coded'aitjress  tine  fftnti  the  processor.  Alternatively,  the  LDAC 
input  could  be  hard  wiled' few  and  in  dl&s  ease  the  ujidate  takes 
place  mfMSOmlts  W  ^  sixteenth  falling  edge  of  SCLK. 


ADSP-2101/ 
ADSP-2102* 


LDAC 

AD7243* 


•1   ,        •AOqrnONAL  PINS  QHirrEO  FOR  CLARnV 

ififfuiv  ir.  AD7343hADSP-2101/M^P-2im 

I.  , 

AD7243-fiSPS6000  Interface 

A  serial  interface  between  the  AD7243  and  the  DSPS6000  is 
shown  in  Figure  12.  The  DSP56000  is  configiured  for  Normal 
Mode  Asynchronous  operation  with  Gated  Clock.  It  is  also  set 
up  for  a  16-bit  word  with  SCK  and  SC2  as  outputs  and  the  FSL 
control  bit  set  to  a  "0."  SCK  is  internally  generated  on  the 
DSP56000  and  applied  to  the  AD7243  SCLK  input.  Data  from 
the  DSP56000  is  valid  on  the  falling  edge  of  SCK.  The  SC2 
output  provides  the  framing  pulse  for  valid  data.  This  line  must 
be  inverted  before  being  apphed  to  the  SYNC  input  of  the 
AD7243. 


The  LDAC  input  of  the  AD7243  is  connected  to  DGND  so  the 
update  of  the  DAC  latch  takes  place  automatically  on  the  six- 
teenth falling  edge  of  SCLK.  An  tstttmlk^Ui^ieis^^^i^!^  >» 
used  as  in  the  pievioia  int^ce  WW^MiStm^S^  ■'""i 
quired.  .  -;  ?y  ...r 


DSP560aO 

LDAC 

AD7243* 

SCK 

SCLK 

STD 

SDIN 

SC2 

SVNC 

•AOnmONAL  PIHS  OHITTEO  FOR  CLARITV 

Figure  12.  AD7243-bSP56000  Interface 


AD7243-TJWS32020  Interface 

Figure  13  shows  a  serial  interface  between  the  AD7243  and  the 
TMS32020  DSP  processor.  In  this  interface,  the  CLKX  and 
FSX  signals  for  the  TMS32020  should  be  generated  using  exter- 
nal clock/timer  circuitry.  The  FSX  pin  of  the^TMS32020  must, 
be  configured  as  an  input.  DfMl  Sam  ISut  TtS^SS^  E  i 
the  falling  edge  of  CLKX. 


The  clockytimer  circuitry  generates  the  LDAC  signal  for  the 
AD7243  to  synchronize  the  update  of  the  output  with  the  serial 
transmission.  Alternatively,  the  automatic  updateimod^  be 
selected  by  connecting  LDAC  to  DGND. 


-M^;  1:1 


TMS32020 

FSX 

cua 

DX 

CLOCK/ 
TIMER 


I; 


LDAC 

AD7243* 

SYNC 
SCLK 
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AD7243-87C51  Interface 

A  serial  interface  between  the  AD7243  and  the  87C5 1  microcon- 
troller is  shown  in  Figure  14.  TXD  of  the  87C51  drives  SCLK 
of  the  AD7243,  while  RXD  drives  the  serial  data  line  of  the 


part.  The  SYNC  si^ial  is  derived  from  the  port  I 

The  87C51  provides  the  LSB  of  its  SBUF  register  as  the  first  bit, 
in  the  serial  data  stream.  Therefore,  the  user  will  have  to  ensure 
that  the  data  in  the  SBUF  register  is  arranged  correctly  so  that 
the  don't  care  bits  are  the  first  to  be  transmitted  to  the  AD7243 
and  the  last  bit  to  be  sent  is  the  LSB  of  the  word  to  be  loaded 
to  the  AD7243.  When  data  is  to  be  transmitted  to  the  part,  P3.3 
is  taken  low.  Data  on  RXD  is  valid  on  the  falling  edge  of  TXD. 
The  87C5 1  transmits  its  serial  data  in  8-bit  bytes  with  only  eight 
falling  clock  edges  occurring  in  the  transmit  cycle.  To  load  data 
to  the  AD7243,  P3.3  is  left  low  after  the  first  eight  bits  are 
transferred  and  a  second  byte  of  data  is  then  transferred  serially 
to  the  AD7243.  When  the.;|Ki;pd  $ed9Ltl»n$f|pr  is  ccniplete,  the 
P3.3  line  is  taken  high. 


Figure  14  shows  the  LDAC  input  of  the  AD7243  hard  wired 
low.  As  a  result,  the  DAC  latch  and  the  analog  output  will  be 
updated  on  the  sixteenth  falling  edge  of  TXD  after  the  SYNC 
signal  for  the  DAC  has  gone  low.  Alternatively,  the  scheme  used 
in  previous  interfaces,  whereby  the  LDAC  input  is  driven  from 
a  timer,  can  be  used. 


LDAC 

AD7243* 

SYNC 
SCLK 
SDIN 

P3.3 

TX& 
RXD 

•ADDmONAL  PINS  OMITTED  FOR  CLARITY 

Figure  14.  AD7243-87C51  Interface 

AD7243-68HC11  Interface  .   !   ,  ' 

Figure  15  shows  a  serial  interface  between  the  AD7243  and  the 
68HC11  microcontroller.  SCK  of  the  68HC11  drives  SCLK  of 
the  AD7243  while  the  MOSI  output  drives  the  serial  data  line  of 
the  AD7243/  The  SYNCsig^is  dciSfed.  temmv^  line  (PC7 
shown). 

For  correct  operation  of  this  inter&ce,  the  68HC11  should  be 
configured  such  that  its  CPOL  bit  is  a  0  and  its  CPHA  bit  is  a 
1.  When  dau  is  to  be  transmitted  to  the  pan,  PC7  is  taken  low. 
When  the  68HC11  is  configured  like  this,  data  on  MOSI  is  valid 
on  the  falling  edge  of  SCK.  The  68HC11  transmits  its  serial 
data  in  8-bit  bytes  with  only  eight  falling  clock  edges  occurring 
in  the  transinit  cycle.  To  load  data  to  the  AD7243,  PC7  is  left 
low  after  the  first  eight  bits  are  transferred  and  a  second  byte  of 
data  is  ibea  transferred  serially  to  the  AD7243.  When  the  sec- 
ond serial  transfer  is  complete,  the  FC7  line  is  taken  hi^. 


Figure  15  shows  the  LDAC  input  of  the  AD7243  hardwired 
low.  As  a  result,  the  DAC  latch  and  the  analog  output  of  the 
DAC  will  be  updated  on  the  sixteenth  falling  edge  of  SCK  after 
the  respective  SYNC  signal  has  gone  low.  Alternatively,  the 
scheme  used  in  previous  interfaces,  wherein  tlte^COAC  ii^pdt  is 
driven  from  a  timer,  can  be  used.  '  ' 


68HC11* 
SCK 

...  ^ 

LDAC 

A07243' 

SYNC 
SCLK 
SDIN 

MOSI 

•ADDITIONAL  PINS  OMITTED  FOR  CLARITY 

Figure  15.  AD7243-68HC1 1  Interface 


MiilUl>le.DAC  Daisy-Chain  Interface 

A  multi-DAC  serial  interface  is  shown  in  Figure  16.  This 
schem«!iq«j!  |3e  used  with  all  . of  the  interfaces  previously  dis- 
cussed^if  moie  than  one  DAC  is  required  in  a  system.  To  enable 
the'lh^gf  the  JKI^^i      ntim-be  coimected  high  on  all  de- 
vices,.  inein)i>ngb^  UBt  4*VKe  in  the  .chain.  „ 


MICROCONTROLLER 
PA1 

;     '  PA2 

I  .  PAS 


1 


SDIN 
AD7243* 
SCLK 
SYNC 

ilDAC  OCE" 


SDO 


SDIN 

AD7243* 

SCLK 
SYNC 

lSac  dcen 


SDO 


SDIN 

AD7243* 

SCLK 
SYNC 

iSac,  PMnU 

SOO^ 
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Figure  16.  AD7243 0ti/-Chain  Configuration 
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Common  clock,  data,  and  synchronization  signals  are  applied  to 
all  DACs  in  the  chain.  The  loading  sequence  starts  by  taking 
SYNC  low.  The  data  is  then  clocked  into  the  input  registers  on 
the  falling  edge  of  SCLK.  Sixteen  clock  pulses  are  required  for 
each  DAC  in  the  chain.  The  data  ripples  through  the  input  reg- 
isters with  the  fu-st  16-bit  word  filling  the  last  register  in  the 
chain  after  16N  clock  pulses  where  N=  the  total  number  of 
DACs  in  the  chain. 

When  valid  data  has  been  loaded  into  all  the  registers,  the 
SYNC  input  should  be  taken  high  and  a  common  IXtf^lflsibm 
used  to  update  all  the  DACs  simulianeow^. 

APPLICATIONS 

OPTO-ISOLATED  INTERFACE 

In  many  process  control  type  applications  it  is  necessary  to  pro- 
vide an  isolation  barrier  between  the  controller  and  the  unit  be- 
ing controlled.  Opto-isolators  can  provide  voltage  isolation  in 
excess  of  3  kV.  The  serial  loading  structure  of  the  AD7243 
makes  it  ideal  for  opto-isolated  interfaces  as  the  number  of  inter- 
&tte  lines  is       «f  «  «g|MMm, 


Figure  17  shows  a  4-chaimel  isolated  interface  using  the 
AD7243.  The  DCEN  pin  must  be  connected  high  to  enable  the 
daisy-chain  facility.  Four  channels  with  12-bit  resolution  are 
provided  in  the  circuit  shown,  but  this  may  be  expanded  to 
accommodate  any  number  of  DAC  chaimels  without  any  extra 
isolation  dicuitiy. 

The  sequence  of  events  to  program  the  ouqnit  channek  is  w 
follows. 


1.  Take  the  SYNC  line  low. 

2.  Transmit  the  data  as  four  16-bit  words.  A  total  of  64  clock 
pulses  is  required  to  clock  tbe  dMa  duoug^  die  i 

3.  Take  the  SYNC  line  high. 


4.  Pulse  the  LDAC  line  low.  This  updates  all  output  channels 

simultaneously  on  the  falling  edge  of  LDAC. 


To  reduce  the  number  of  opto-couplers,  the  LDAC  line  could 
be  driven  bom  a  one  shot  which  is  triggered  by  the  rising  edge 
on  the  SYNC  line.  A  low  level  pulse  of  50  ns  duration  or  greater 
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Figure  17.  Four-Channel  Opto-lsolated  Interface 
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DIGITAL-TO-ANALOG  CONVERTERS. 


ANALXXjI 
DEVICES 


LC^MOS 
12-Bit  DACPORTS 


AD7245/AD7248 


I  <ilHput  AmpiMar  and 


FEATURES 
12-Bit  CMOSDAC  i 

Reference 
Parallel  Loading  Structure:  AD724S 
(8+4)  Loading  Structure:  AD7248 
Single  or  Dual  Supply  Operation 
Fast  Digital  Interface  (80ns  WR  Pulse) 
Low  Power  (65mW  typ) 
O-S",  Skinny,  20-  and  24-Pln  DIP 
20-  and  28-Terminal  Surfaca  Mount  Packages 
NOTE:  AD7245A/AD72MA  IS  RECOMMENDED  FOR 

NEWDESGNS 


GENERAL  DESCRIPTION 

The  AD724S/AD7248  is  a  complete  12-bit,  voltage-output, 
digital-to-anal^  converter  with  output  amplifier  and  Zener 
volt^  reference  on  a  monolithic  CMOS  chip.  No  extertud 
trims  are  lequiieil  to  n^imm  Ml  igBcified  performance  £gr  die 
part. 

The  part  features  double-buffered  inter&ce  logic  with  a  12-bit 
input  latch  and  12-bit  DAC  latch.  The  data  held  in  the  DAG 
latch  determines  the  analog  output  of  the  converter.  The  AD?^$> 
accepts  12-bit  parallel  data  which  is  latched  into  the  input  latdh 
on  the  rising  edge  of  OS  or  WR.  The  AD7248  has  an  8-bit-wUe 
data  bus,  and  data  is  loaded  to  the  input  latch  in  two  write 
operations,  an  8-bit  LSB  load  and  a  4-bit  MSB  load.  The  input 
data  must  be  right  justified.  For  both  parts,  an  asynchronous 
LDAC  signal  transfers  data  from  the  input  latch  to  the  DAC 
latch.  The  AD7245  also  has  a  CLR  sigmd  on  the  DAC  latch 
which  allows  features  such  as  power-on  reset  to  be  implemented. 
All  logic  inputs  are  level  triggered  and  are  TTL  and  CMOS 
(SV)  level  compatible,  while  the  control  logic  is  speed  compatible 
with  most  microprocessors. 

The  on-chip  5V  buried  Zener  diode  provides  a  low-noise,  tem- 
perature compensated  reference  for  the  DAC.  The  gain  setting 
resistors  allow  a  number  of  ranges  at  the  output:  0  to  +  5V,  0  to 
+  lOV  when  using  single  supply  and  0  to  -I-  5V,  -  5V  to  -I-  5V 
when  operated  in  dual  supplies.  The  output  amplifier  is  capable 
of  developing  +  lOV  across  a  21cO  load  to  GND. 

The  AD724S/AD7248  is  fabricated  in  an  all  ion-implanted, 
high-speed  linear,  compatible  CMOS  (LC^MOS)  process.  The 
AD7245  is  packaged  in  a  small,  0.3"-wide,  24-pin  DIP  and  28- 
terminal  surface  mount  packages.  The  AD7248  is  available  in  a 
0.3"-wide,  20-pin  DIP  and  20-terminal  surface  mount 
packages. 
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PRODUCT  HIGHLIGHTS 

1.  Complete  12-Bit  DACPORT^" 

The  AD7245/AD7248  is  a  complete,  voltage  output,  12-bit 
DAC  on  one  chip.  This  single-chip  design  of  the  DAC  reference 
and  output  amplifier  is  inherently  more  reliable  dtan  mnlticlup 

designs. 

2.  Microprocessor  Compatibility 

The  parallel  loading  structure  of  the  AD7245  allows  connection 
to  microprocessors  with  a  16-bii-wide  data  bus.  The  AD7248 
is  aimed  at  microprocessors  which  have  an  8-bit-wide  data 
bus  structure.  The  high-speed  logic  of  both  parts  allows 
direct  interfacing  to  most  modern  microprocessors.  Addition- 
ally, the  double  buffered  interface  enables  simultaneous 
update  of  the  AD724S/AD7248  in  multiple  DAC  systems. 
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  Bin  ■  

FEATURES 

12-Bit  CMOS  DAC  with  Output  Amplifier  and 
Reference 

lmprovecjA{>7S'^//^724i:i  ,/r  mniU.i| 

12  V  to  15  V  Operation  -.ir   ■  1 ! 

±1/2  LSB  Linearity  Grade 
Faster  interface-40  n$  typ  Data  Setup  Time 

Extended  Plastic  Temperature  Range 

Single  or  Dual  Supply  Operation 

Low  Power-65  mW  typ  in  Single  Supply 

Parallel  Loading  Structure:  AD7245A 

(8+4)  LoacHng  SCtueffiui^ji:  AD7248A  jAon^j 


AD7245A  FUNCTIONAL  BLOCK  DIAGRAM 
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GENERAL  DESCRIPTION 

The  AD7245A/AD7248A  is  an  enhanced  version  of  the  industry 
standard  AD7245/AD7248.  Improvements  include  operation 
from  12  V  to  15  V  supplies,  a  ±  1/2  LSB  linearity  grade,  faster 
interface  times  and  better  full  scale  and  reference  variations  with 
Vqq.  Additional  features  include  extended  tempera^n^  n  4 ! 

operation  for  conmiercial  and  industrial  grades.  ■ 

The  AD7245A/AD7248A  is  a  complete,  12-bit,  voltage  output, 
digital-to-analog  converter  with  output  amplifier  and  Zener  volt-,j^ 
age  reference  on  a  monolithic  CMOS  chip.  No  external  uS^I-^" — -t 
trims  are  required  to  achieve  full  specified  performance. 

Both  parts  are  microprocessor  compatible,  with  high  speed  data 
latches  and  double-buffered  interface  logic.  The  AD7245A  ac- 
cepts 12-bit  parallel  data  which  is  loaded  into  the  input  latch  on 
the  rising  edge  of  CS  or  WR.  The  AD7248A  has  an  8-bit  wide 
data  bus  with  data  loaded  to  the  input  latch  in  two  write  opera- 
tions. For  both  parts,  an  asynchronous  LDAC  signal  transfers 
data  from  the  input  latch  to  the  DAC  latch  and  updates  the  ana-  ' 
log  output.  The  AD7245A  also  has  a  CLR  signal  on  the  DAC 
latch  which  allows  features  such  as  power-on  reset  to  be 
implemented. 

The  on-chip  5  V  buried  Zener  diode  provides  a  low  noise,  tem- 
perature compensated  reference  for  the  DAC.  For  single  supply 
operation,  two  output  ranges  of  0  to  +5  V  and  0  to  -MO  V  are 
available,  while  these  two  ranges  plus  an  additional  ±  5  V  range 
are  available  with  dual  supplies.  The  output  amplifiers  are  capa- 
ble of  developing  -I- 10  V  across  a  2  kf!  load  to  GND. 

The  AD7245A/AD7248A  is  fabricated  in  linear  compatible 
CMOS  (LC^MOS),  an  advanced,  mixed  technology  process  that 
combines  precision  bipolar  circuits  with  low  power  CMOS  logic. 
The  AD7245A  is  available  in  a  small,  0.3"  wide,  24-pin  DIP  and 
SOIC  and  in  28-terminal  surface  mount  packages.  The 
AD7248A  is  packaged  in  a  small,  0.3"  wide,  20-pin  DIP  and 
SOIC  and  in  20-tenunjd  suifaee  mount  pai^ges. 
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Vdd     REF  out  Rofs 

^5>-0-  ^ 
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PRODUCT  HIGHLIGHTS 

1.  The  AD7245A/AD7248A  is  a  12-bit  DACPORT"'  on  a  single 
chip.  This  single  chip  design  and  sriiall  package  size  offer 
considerable  space  saving  wd^iiicieised  i«)»biMjK  ..9y«it  B^ 
diipdesigns. 

2.  The  improved  interface  times  on  the  part  allows  easy,  direct 
interfacing  to  most  modern  microprocessors. 

3.  The  AD7245A/AD7248A  features  a  wide  i^^^slJp^iS'  J^flge 
allowing  operation  from  12  V  supplies,  ,,„.b,  ■„..  .  \ 


DACPORT  ia  a,  WdhM«ls.<ltlllrtbtM«a#«W>;'tB6 


BW.0 


Parameter 

Version 

Version 

Version 

Umli'  - 

Test  €iinditioiiarGoillliWHt|"**— ~~ 

-    —  i 

12 

12 

12 

Bits 

±1 

±1/2 

±1 

LSB  max 



Differential  Noiiliiicarity^ 

+  1 

±1 

±1 

LSB  max 

Guaranteed  Monototiic 

Unipolar  Offset  'B^^4^^i^SS^'    ■     .'  ' 

±3 

±3 

LSB  max 

Vss  =  0  V  or  - 12  V  to  -  15  V 

T     to  T 

±5 

±5 

±5 

LSB  max 

Typical  Tempco  is  ±3  ppm  of  FSR'/°C. 

Bipolar  Zero  Error^ 

±3 

±3 

±3 

LSB  max 

RoFs  connected  to  REF  OUT;  V$s  =  -12Vto-15V* 

+  5 

±5 

±5 

LSB  max 

Ty^cal  Tempco  is  ±3  ppm  of  FSRVC.  " 

DAC  Gain  Error*-  * 

±2 

±2 

±2 

LSB  max 

Full-Scale  Output  Voltage  Error'  @  +25X 

±0.2 

±0.2 

±0.2 

%  of  FSR  max 

Vn„=  +15  V 

AFull  Scate/AVoD 

±0.06 

±0.06 

±0.06 

%  of  FSR/V  max 

Vdd  =+12Vto+15V* 

AFuU  Scale/AVss 

±0.01 

±0.01 

±0.01 

%  of.JPSK/y  max 

Vss  =  - 12  V  to  - 15  V* 

Full-Scale  Temperature  Coefficient* 

±30 

±30 

±40 

ppm  of  FSR/X]  max 

Vdd  =  +15  V 

REFERENCE  OUTPUT 

REF  OUT  @  +25X 

4.99/'i.01 

4.99/5.01 

4.99/5.01 

V  min/V  max 

VoD=+15V                       V     .  ..                   :  , 

AREF  OUT/AVdd 

2 

2 

2 

mV/V  max 

Reference  Temperature  Coefficient 

±25 

±25 

±35 

ppm/°C  typ 

Reference  Load  Change 

(AREF  OUT  vs.  AI) 

-1 

-1 

-1 

mV  max 

Reference  Load  Cunent  Change  (0-100  (lA) 

DIGITAL  INPUTS 

■      1  iS,           .  ,     ,  :-j 

Input  High  Voltage,  V^nh 

2.4 

2.4 

2.4 

V  min 

Input  Low  Voltage,  Vi^j^ 

0.8 

0.8 

0.8 

V  max 

'  '  r"-'. 

Input  Current,  Iq4 

±10 

±10 

±10 

M.A  max '  ■  ■  ■ 

Input  Capacitance 

8 

8 

8 

pFmaz 

A  MAT  nr;  otttpttt'^ 

r                 * . '  1  -J-  "  .1.^.1  L/.'t     ■  ' 

Output  Range  Resistors 

15/30 

15/30 

15/30 

kCl  min/kn  max 

Output  Voltage  Ranges^" 

+5,  +10 

+  5,  +10 

+  5,  +10 

V 

Vs!,  =  0  V;  Pin  Strappable  ' 

Output  Voltage  Ranges'^ 

+5,  +10, 

+  5,  +10, 

+5,  +10, 

Vss  =-12  V  to -15  V;*  Pin,Strapi>able 

±5 

±5 

±5 

V 

DC  Output  Impedance 

0.5 

0.5 

0.5 

ntyp 

AC  CHARACTERISTICS' 

Voltage  Oiitput  Settling  Time 

Settling  Time  to  Within  ±  1/2  LSB  of  Final  Value 

Positive  Full-Scale  Change 

10 

10 

10 

p.s  max 

DAC  Latch  All  Os  to  AU  Is 

Negative  Full-Scale  Cha^e 

10 

10 

10 

lis  max 

DAC  Latch  AU  Is  to  All  Os;  Vjs  =  -12  V  to  -15  V* 

Digital  Feedihrough^ 

10 

10 

10 

nV-s  typ 

Digital-to-Analog  Glitch  Impulse 

30 

30 

30 

nV-s  typ 

POWFR  RFOITTRFMFNTS 

*DD 

+  10.8/ 

+  11.4/ 

+  11.4/ 

V  min/ 

For  Specified  Performaioce  Unless  Otherwise  Stated 

+  16.5 

+  15.75 

+  15.75 

V  max 

VSS                                                 ,,    ; 

-10.8/ 

-11.4/ 

-11.4/ 

V  min/ 

For  Specified  Performance  Unless  Othervis^^l^ted 

-16.5 

-15.75 

-15.75 

V  max 

Idd 

12 

12 

12 

mA  max 

Output  Unloaded;  Typically  5  mA 

Iss  (Dual  Supplies) 

3 

3 

5 

mA  max 

Output  Unloaded;TypicaIly  2  mA 

NOTES 

'Power  supply  tolerance  is  ±  10%  for  A  Version  and  ±5%  for  B  and  S  Versions. 

^Temperature  ranges  are  as  follows;  A/B  Versions;  -40X  to  +85X;  S  Version;  -55°C  to  +125°C. 

'See  Tenninology. 

'*With  appropriate  power  supply  tolmnces.  ' 

'FSR  means  Full-Scale  Range  and  is  5  V  for  the  0  to  +5  V  output  range  and  10  V  for  both  the  0  to  + 10  V  and  ±5  V  output  ranges. 
*This  error  is  calculated  with  respect  to  the  reference  voltage  and  is  measuretl  after  the  offset  error  has  been  allowed  for. 

'This  error  is  calculated  with  respect  to  an  ideal  4.9988  V  on  the  0  to  +5  V  and  ±5  V  ranges;  it  is  calculated  with  respect  to  an  ideal  9.9976  V  on  the 
0  to  +  10  V  range.  It  includes  the  effects  of  internal  voltage  reference,  gain  and  offset  errors. 

^Full-Scale  TC  =  AFS/AT,  where  AFS  is  the  fuU-scale  change  from  T^  =  +25°C  to  T^  or  T^. 

'Sample  tested  at  +25°C  to  ensure  compliance. 
■''O  to  + 10  V  output  range  is  available  only  when  Vpp  ^ 
Specifications  subjea  to  change  without  notice. 
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SWITCHING  CHARACTERISTICS^  (v„.  =  +i2vt.+isv:^ 


Vss  =  0  V  or  -12  V  to  -15  V;'  See  Figures  5  and  7.) 


A,  B  Versions 

 s  Vinion 

Units 

Conditions 

h 

@  +25°C 

55 

55 

ns  typ 

Chip  Select  Pulse  Width 

T     to  T 

*  min  ^"  *  max 

80 

100 

ns  min 

^2 

@  +25°C 

40  ,. 

40 

ns  typ 

Write  Pulse  Width 

T  •  to  T 

80  1 

loif 

ns  min 

y(§  +25°C 

0 

0 

ns  min 

T  ■  to  T 

*  nun  >**  '*^M^  • 

0 

0 

ns  min 

u 

■  1" 

@  +25°C 

0 

0 

n  s  min 

Chip  Sele«  to  Write  Hold  Time, 

*  min  ™  *  max 

0 

0 

@  +25**C 

40 

40 

ns  typ 

T^atQ  ValtH  tn  Writ**  ^<»Iiir»  T'im^ 

udvi  V  diiu  lu  w  mc  ociup  i  imc 

'min  to  'nna 

oU 

sn 

8U 

ns       ; J 

(fi  +25°C 

10 

10 

ns  min 

DaonValictina^te  Hold  Time 

Tmin  to 

10 

10 

ns  min 

ty 

(a  *25°C 

40 

40 

ns  typ 

Load  DAC  Pulse  Width 

T„„„  I" 

lou 

n^  min 

t,-.  . 

(g  +25°e  1 

40 

,40  ■< 

ns  typ 

Clear  Pulse  Width 

Tmin  to  T,^.: 

..;  80 

100 

,  ,  Jsmin 

NOTE  ^  ^  ; 

'Sample  tistM  al td  enWe'cptb  '  "  ' 

^PowefAipply  tdleranec  iS^*'10%'Sr  A  VbrSioA  Smdifei*!*  fbf'F  and  S  Versions. 

ABSOLUTE  MAXIMUM  RATj[NGS* 

Vdd  to  AGND   -0.3  V  to  + 17  V 

Vdd  to  DGND   ,  -0.3  V  to  + 17  V 


.  to  Vc: 


"0.3  V  to  +34  V 


AGND  to  DGND   -0.3  V,  Vdd 

Digital  Input  Voltage  to  DGND  -0.3  V,  W^d  +0.3  V 


to  AGND'   Vo 


VouxtoVss'   OV,  +24V 

VoutIoVdd'  -32  V,  OV 

REF  OUT'  to  AGND   0  V,  W^d 

Power  Dissipation  (Any  Package)  to  +75°C    450  mW 

Derates  above  +75°C  by  «  mW/°C 


Operating  Temperature 

Commercial  (A,  B  Versions)  -40^0  to  +85°C 

Extended  (S  Version)   ......  .1.  .  '.  ".  '.  .  -55°C  to  +  125°C 

Storage  Temperature  -65°C  to  +150°C 

Lead  Temperature  (Solderii%,  10  sees)  .  .  .  ^/^>(.. .  ,  ,1^  ^30O^> 

NOTE 

'The  output  may  be  shorted  to  voltages  in  this  range  provided  the  power  dis* 
sipation  of  the  package  is  not  exceeded.  V^i  r  short  circuit  current  is  typi- 
cally 80  inA. 

♦Stresses  above  those  listed  under  "Absolute  JVlaximum  Ratings"  may  cause 
permatient'd^age  10  ithe  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operadonal  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximilm  rating  conditions  for  extended  periods  may  affect  device  reliability. 


CAUTION   

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  foam 
should  be  discharged  to  tfee  ^tination  socket  before  devices  are  inserted.  
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AD724SA  ORDERING  GUIDE 


Modd* 


AD7245AAN 
AD7245ABN 
AD7245AAQ 
AD7245ASQ' 
AD7245AAP 
AD7245AAR 
AD7245ABR 


Temperature 

Relative 

Package 

Range 

Accuracy 

Option* 

-40°C  to  +85°C 

±  1  LSB  max 

N-24 

-40°C  to  +85°C 

±1/2  LSB  max 

N-24 

-40°C  to  +85°C 

±1  LSB  max 

Q-24 

-55°Cto  +125°C 

±  1  LSB  max 

Q-24 

-40°C  to  +85°C 

±  1  LSB  max 

P-28A 

-40°C  to  +85°C 

±  1  LSB  max 

R-24 

-40°C  to  +85°C 

±1/2  LSB  max 

R-24 

±1  tSBnuf, 

,E-28A  1 

NOTES 

'To  order  MIL-STD-883,  Class  B,  processed  pans,  add  /883B  to  part  num- 
ber. Contact  our  local  sales  office  for  militaxy  data  sheet  and  availability. 

^  =  Leadless  Ceramic  Chip  Carrier!  N  =  Plastic  DIP;  P  =  PMc  Leaded 
Chip  Carrier;  Q  =  Cerdip;  R  =  SOIC.  For  outline  infinmatian  see  Padcage 
Infonnation  section. 

This  gnde  will  be  available  to  /883B 


Temperature 

Relative 

Package 

Model^ 

Range 

Accuracy 

Option* 

AD7248AAN 

-40°C 

to 

+»5°C 

±  1  LSB  max 

N-20 

AD7248ABN 

-40°C 

to 

+85°C 

±1/2  LSB  max 

N-20 

AD7248AAQ 

-40°C 

to 

+85°C 

±1  LSB  max 

Q-20 

AD7248ASQ' 

-55°C 

to 

+  125°C 

±  1  LSB  max 

Q-20 

AD7248AAP 

-40°C 

to 

+85°C 

±  1  LSB  max 

P-20A 

AD7248AAR 

-40°C 

to 

+85°C 

±1  LSB  max 

R-20 

AD7248ABR 

-4(m 

ta 

+85%2 

*l/2  USS  ma 

R-20 

NOTES 

'To  order  MIL-STD-883,  Class  B,  processed  pans,  add  /883B  to  pan  num- 
ber. Contaa  our  local  sales  ofi&ce  for  military  data  sheet  and  availability. 

^  =  Plastic  DIP;  P  =  Plastic  Leaded  Chip  Carrier;  Q  =  Cerdip;  R  = 
SOIC.  For  outline  information  see  Package  Infonnation  section. 

Tius  grade  will  be  availahle  u>  /883B  proccaaing  only. 


TERMINOLOGY  '     -  '  ^^--^  ■  ■•■ 

RELATIVE  ACCURACY 

Relative  Accuracy,  or  end-point  nonlinearity,  is  a  measure  of  the 
actual  deviation  from  a  straight  Hne  passing  through  the  end- 
points  of  the  DAC  transfer  function.  It  is  measured  after  allow- 
ing for  zero  and  full  scale  and  is  normally  expt^m^im  LSBs^Or  - 
as  a  percentage  of  full-scale  reading.  ■  .  .  (  , 

DIFFERENTIAL  NONLINEARITY 

Differential  Nonlinearity  is  the  difference  between  the  measured 
cbange  and  the  ideal  1  LSB  change  between  any  two  adjacent 
codes.  A  specified  differential  nonlinearity  of  ±1  LSB  max  over 
the  operating  temperature  range  ensures  monotonicity. 


Digital  Feedthrough  is  the  glitch  impulse  injected  from  the  digi- 
tal inputs  to  the  analog  output  when  the  inputs  change  state.  It 
is  measured  with  LDAC  h^  and  is  specified  in  nV-s. 


DAC  GAIN  ERROR 

DAC  Gain  Error  is  a  measure  of  the  output  error  between  an 
ideal  DAC  and  the  actual  device  output  with  all  Is  loaded  after 
^tror  has  been  allowed  for.  It  is,  therefore  defined  as: 

Measured  Value— Offset— Ideal  Value 

wh^;^e  ided  value  is  calculated  relative  to  the  actual  reference 
value.  ' 

UNIPOLAR  OFFSET  ERROR 

Unipolar  Offset  Error  is  a  combination  of  the  offset  errors  of  the 
voltage  mode  DAC  and  the  output  amplifier  and  is  measured 
w4ien  the  part  is  configured  for  unipolar  outputs.  It  is  present  or 
all  codes  and  is  measured  with  all  Os  in  the  DAC  register. 

BIPOLAR  ZERO  OFFSET  ERROR 

Bipolar  Zero  Offset  Error  is  measured  when  the  part  is  config- 
ured for  bipolar  output  and  is  a  combination  of  errors  from  the 
DAC  and  output  amplifier.  It  is  present  for  all  codes  and  is 
measured  with  a  code  of  2048  (decimal)  in  the  DAC  register. 

SINGLE  SUPPLY  LINEARITY  AND  GAIN  ERROR 

The  output  amplifier  of  the  AD7245A/AD7248A  can  have  a  true 
negative  offset  even  when  the  part  is  operated  from  a  single  pos- 
itive power  supply.  However,  because  the  lower  supply  rail  to 
the  part  is  0  V,  the  output  voltage  cannot  actually  go  negative. 
Instead  the  output  voltage  sits  on  the  lower  rail  and  this  results 
in  the  transfer  function  shown  across.  This  is  an  of^t  effect 
and  the  transfer  fimction  would  have  followed  the  dotted  line  if- 
the  oiiq>ut  voltage  could  have  gone  negative.  Normally^linearity 
is  measured  after  offset  and  full  scale  have  been  adjusted  qc  al^ 
lowed  for.  On  the  AD7245A/AD7248A  the  ne^dve  offset  is' 
allowed  for  by  calculating  the  linearity  from  the  code  which  the 
amplifier  comes  off  the  lower  rail.  This  code  is  given  by  the 
negative  offset  specification.  For  example,  the  single  supply  lin- 
earity specification  applies  between  Code  5  and  Code  4095  for 
the  25°C  specification  and  between  Code  5  and  Code  4095  over 
the  T„i„  to  T„j^  temperature  range.  Since  gain  error  is  also 
measured  after  offset  has  been  allowed  for,  it  is  calculated  be- 
tween the  same  codes  as  the  linearity  error.  Bipolar  linearity  and 
gain  error  are  measured  between  Code  0  and  Code  4095. 
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AD7245A  PIN  FUNCTION  DESCRIPTION 

(DIP  HN  mJMBERS) 

Pin     Mnemonic  Description 

P|n     Mnemonic  Description 

1  Vss 

2  RoFS 

3  REF  OUT 

4  AGND 

5  DBll 
6-11  DB10-DB5 
12  DGND 
13-16  DB4-DB1 

17  DBO 

18  CS 


Negative  Supply  Voltage  (0  V  fbr'^ 
supply  operation). 

Bipolar  Offset  Resistor.  This  provides 
access  to  the  on-chip  application  resistors 

and  allows  different  output  voltage  ranges. 

Reference  Output.  The  on-chip  reference  is 
provided  at  this  pin  and  is  used  when 
configuring  the  part  for  bipolar  outputs. 

Analog  Ground. 

Data  Bit  11.  Most  Significant  Bit.{aKiB)i 
Data  Bit  10  to  Data  Bit  5. 
Digital  Ground. 
Data  Bit  4  to  Data  Bit  1. 
Data  Bit  0.  Least  Significant  Bit  (LSB). 
Chip  Select  Input  (Active  LOW).  The  di^vice 
is^  ^ytgi  wlj.^  th^  fflpyt  is  active. 


'.I 


19  ''' WR  Write  Input  (Active  LOW).  This  is  iised  in 

conjunction  with  CS  to  write  data  into  the 
input  latch  of  the  AD7245A. 

20  LDAC        Load  DAC  Input  (Active  LOW).  This  is  an 

asynchronous  input  which  when  active 
transfers  data  from  the  input  latch  to 

the  DAC  latch. 

21  CLR  Clear  Input  (Active  LOW).  When  this  input 

is  active  the  contents  of  the  DAC  latch  are 
reset  to  all  Os. 

22  Vdd  Positive  Supply  Vplt?pi 

23  R^  Feedback  Resistott        allows  access  to 

the  amplifier's  feedback  loop. 

24  Vqut  Output  Voltage.  Three  different  output 

'    voltage  ranges  can  be  chosen:  0  to  -t-5  V, 
Oto-i-10Vor-5  V.lp  H-5  V. 


REF  OUT 
ikOliO 
0B11 
OB10 

DB9 
DBS 
DB7 
DM 


DIP  and  SOIC 


r  i««sCl 
LCCC 


3"™ 

«Ja» 

"mIldac 
Is]  wS 

"is]  CS 

"l7]  080 
It]  DBt 
is]  DBS 


PLCC 

I  i  >•  s  J  i  >' 

mmmrai5i[i^t5i 


bJbjIHHtilbdbl 
!  !  I  s  i  8  8 


^.0 


Pin  Mnemonic  Desci^tion 


Pin  Mnemonic  Description 


2  Rqfs 

3  REF  OUT 


4 

'AGND 

5 

DB7 

6 

DB6 

7 

DBS 

8 

DB4 

9 

DB3 

10 

DGND 

11 

DB2 

12 

DBl 

13 

DBO 

-Nejfativc  SuRl^ly,  Voltage  (0  V  for  sj^e 
supply  operatioa). 

Bipolar  Offset  Resistor.  This  provides 
access  to  the  on-chip  application  resistors 
and  allows  different  output  voltage  ranges 

Reference  Output.  The  on-chip  reference 
provided  at  this  pin  and  is  used  when 
configuring  the  part  for  bipolar  outputs. 

Data  Bit  7. 

Data  Bit  6.  ' 
Data  Bit  5. 
Data  Bit  4. 

Data  Bit  3/Data  Bit  11  (MSB). 
Digital  Groond. ' 
Data  Bit  2/Data  Bit  10. 
Data  Bit  1/Data  Bit  9. 
Data  Bit  0  (LSB)/Data  Bit^{ 


14.^5P(§P 


15  CSLSB 


16 


17 


18 
19 


20  V, 


Chip  Select  Input  for  MS  Nibble.  (Active 
LOW).  This  selects  the  upper  4  bits  of  the 
input  latch.  Input  data  is  right  justified. 

Chip  Select  Input  for  LS  byte.  (Active 
LOW).  .This  selects  the  lower  8  bits  of  the 
input  latch. 

Write  Input  This  is  used  in  conjunction 
with  CSMSB  and  CSLSB  to  load  data  into 
the  input  latch  of  the  AD7248A. 

Load  DAC  Input  (Active  LOW).  This  is 
an  asynchronous  input  which  when  active 
ttajisfc^  data  from  the  input  latch  W>  the 
DAC  latch. 

Positive  Supply  Voltage. 

Feedback  Resistor.  This  allows  access  to 
the  amplifier's  feedback  loop. 

Output  Voltage.  Three  different  output 
voltage  ranges  can  be  chosen:  0  to  J-S  Y, 
 0  to  +10  V  or  -S  V  to  +5  V.  
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CIRCUIT  INFORMATION 


D/A  SECTION 

The  AD7245A/AD7248A  contains  a  12-bit  voltage  mode  digital- 
to-analog  convener.  The  output  voltage  from  the  converter  has 
the  same  positive  polarity  as  the  reference  voltage  allowing  sin- 
gle sappiy  ^pait&m-  The  reference  voltage  for  the  DAC  is  pro- 
vided by  aii  on-Chi^  boried  Zener  diode. 

The  DAC  consists  of  a  highly  stable,  thin-film,  R-2R  ladder 
and  twelve  high-speed  NMOS  single-pole,  double-throw 
switches.  The  simplified  dtcuit  diagram  fortjiis  DAQis  shown 
in  Figure  1. 


SHOWN  FOR  ALL  1'S  ON  DAC 


Figure  1.  D/A  Simplified  Circuit  Diagram 

The  input  impedance  of  the  DAC  is  code  dependent  and  can 
vary  from  8  kfl  to  infmity.  The  input  capacitance  also  varies 
with  code,  typically  from  50  pF  to  200  pF. 

OP  AMP  SECTION 

The  output  of  the  voltage  mode  D/A  converter  is  buffered  by  a 
noninverting  CMOS  amplifier.  The  user  has  access  to  two  gain 
setting  resistors  which  can  be  connected  to  allow  different  out- 
put voltage  ranges  (discussed  later).  The  buffer  ampUfier  is  ca- 
pable of  developing  up  to  10  V  across  a  2  kfl  load  to  GND. 

The  output  amplifier  can  be  operated  from  a  single  positive 
power  supply  by  tying  Vgs  =  AGND  =  0  V.  The  amplifier  can 
also  be  operated  from  dual  supplies  to  allow  a  bipolar  output 
range  of  —5  V  to  +5  V.  The  advantages  of  having  dual  supplies 
for  the  unipolar  output  ranges  are  faster  settling  time  to  voltages 
near  0  V,  full  sink  capability  of  2.5  mA  maintained  over  the  en- 
tire output  range  and  elimination  of  the  effects  of  negative  offset 
on  the  transfer  characteristic  (outlined  previously).  Figure  2 
shows  the  sink  capability  of  the  amplifier  for  single  supply 
operation. 
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OUTPUT  VOLTAOe  -  Vottl 

Figure  2.  Typical  Single  Supply  S/nk  Current  vs. 
Output  Voltage 


The  small  signal  (200  mV  p-p)  bandwidth  of  the  output  buffer 
amplifier  is  typically  1  MHz.  The  output  noise  from  the  ampli- 
fier is  low  with  a  figure  of  25  nV/v  Hz  at  a  frequency  of  1  kHz. 
The  broadband  noise  from  the  amplifier  has  a  typical  peak-to- 
peak  figure  of  150  jiV  for  a  1  MHz  output  bandwidth.  There  is 
no  significant  difference  in  the  output  noise  between  single  and 
dual  suiq>lyioperatifin. —        '  ]  t   "  |  .-^ 

VOLTAGE  REFERENCE 

The  AD724SA/AD7248A  contains  an  internal  low  noise  buried 
Zener  diode  reference  which  is  trimmed  for  absolute  accuracy 
and  temperature  coefficient.  The  reference  is  internally  con- 
nected to  the  DAC.  Since  (he  DAC  has  a  variable  input  imped- 
ance at  its  reference  input  the  Zener  diode  reference  is  buffered. 
This  bufifered  rdetence  is  available  to  the  user  to  drive  the  cir- 
cuitry tequ&ted  for  bipolar  output  ranges.  It  can  Be  used  as  a 
refiaence  for  other  parts  in  the  system  provided  it  is  externally 
buffered.  The  reference  will  give  long-term  stability  comparable 
with  the  best  discrete  Zener  reference  diodes.  The  performance 
of  the  AD724SA/AD724SA  is  specified  with  mtemal  reference, 
and  all  the  testing  and  trimming  is  done  with  this  reference. 
The  reference  should  be  decoupled  at  the  REF  OUT  pin  and 
recommended  decoupUng  components  are  10  ptF  and  0. 1  p.F 
capacitors  in  series  with  a  10  fl  resistor.  A  simplified  schematic 
of  the  reference  circuitry  is  shown  in  Figure  3. 


— O- 


'''''  '''         '  oa^t^i^^^^mt 
Figure  3.  Internal  Reference 

DIGITAL  SECTION 

The  AD7245A/AD7248A  digital  inputs  are  compatible  with 
either  TTL  or  5  V  CMOS  levels.  All  data  inputs  are  static  pro- 
tected MOS  gates  with  typical  input  currents  of  less  than  1  nA. 
The  control  inputs  sink  higher  currents  (ISO  )lA  max)  as  a 
result  of  the  fast  digital  interfacing.  Internal  input  protection  of 
all  logic  inputs  is  achieved  by  on-chip  distributed  diodes. 

The  AD7245A/AD7248A  features  a  very  low  digital  feedthrough 
figure  of  10  nV-s  in  a  5  V  output  range.  This  is  due  to  the  volt- 
age mode  configuration  of  the  DAC.  Most  of  the  impulse  is  ac- 
tually as  a  result  of  feedthrou^  across  the  package. 

INTERFACE  LOGIC  INFORMATION -AD7245A 
Table  I  shows  the  truth  table  for  AD7245A  operation.  The  part 
contains  two  12-bit  latches,  an  input  latch  and  a  DAC  latch.  CS 
and  WR  control  the  loading  of  the  input  latch  while  LDAC  con- 
trols the  transfer  of  information  from  the  input  latch  to  the 
DAC  latch.  All  control  signals  are  level  tri^ered;  and  titnefore, 
either  or  both  latches  may  be  made  transparent,  the  input  latch 
by  keeping  CS  and       "LOW",  the  DAC  latch  by  keeping 
LDAC  "LOW."  Input  data  is  landed  im  the  rising  edge  t£ 
WR. 


•^392  fmiwamkmmLO&cmmiims 


«»245A/AD7248A 


The  data  held  in  the  DAC  latch  determines  the  analog  output  of 
the  converter.  Data  is  latched  into  the  DAC  latch  on  the  rising 
edge  of  LDAC.  This  LDAC  signal  is  an  asynchronous  signal 
and  IS  independent  of  WR.  This  is  useful  in  many  applications. 
However,  in  systems  where  the  asynchronous  LDAC  can  occur 
during  a  write  cycle  (or  vice  versa)  care  must  be  taken  to  ensure 
that  incorrect  data  is  not  latched  through  to  the  output.  For  ex- 
ample.  if  LDAC  goes  LOW  while  WR  is  "LOW",  then  the 
LDAC  signal  must  stay  LOW  for  t,  or  longer  after.  WR  goes  ; 
high  Bi  ensure  emeet  4m  w  btehed  ^mm^m  ouipK. 

TaUe  I.  AD724SA  Truth  fable 
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L 
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and  Output  Follows  Input  Data 

H  =  High  State  L  =  Low  State  X  =  Don't  Care 

The  contents  of  the  DAC  itch  "are'resef  to  ili  Os  by  alow  level 
on  the  CLR  line.  With  both  latches  transparent,  the  CLR  line 
functions  like  a  zero  override  with  the  outpoft  bfoiight  to  0  V  in 
the  unipolar  mode  and  -S  V  in  the  bipolar  mode  for  the  dura- 
tion of  the  CLR  pulse.  If  both  latches  are  latched,  a  "LOW 
pulse  on  the  CLR  input  latches  all  Os  into  the  DAC  latch 
the  output  remains  at  0  V  (or  -  5  V)  after  the  CLR  line  has  re- 
turned "HIGH."  The  CLR  line  can  be  used  to  ensure  powariaip 
to  0  V  on  the  AD724SA  butput  in  unipolar  operation  and  is  Ite 
useful,  when  used  as  a  zero  override,  in  system  calibration 
cycles.  ,    r,   ;     1  ,     ,j  . 

Figure  4  shows  the  input  control  logic  for  the  AD724}A  aad  ^ 
write  cycle  timing  for  the  part  is  shown  in  Figure  S. 
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Figure  4.  AD7245A  Input  Control  Logic 
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NOTES 

1.  SEE  TIMING  SPECIFICATIONS. 

2.  ALL  INPUT  RISEAND.FAU. 
90%  OF  +5V.  t,  c  t,  >  Ins. 

3.  nMMG  MEASUREMENT  REI 

 1      

4.  IF  LDAC  IS  ACTIVATED  WHILE  WR  IS  LOW  THJI^LDAC 
MUST  STAY  LOwifDR  t,  OR..LPNGER  AFTER  WR  SOES  HIGH. 


*•  — PtBUmVrM)724SA  Write-O^-nming  Diagram 

INt^ACEI^lC  INFORMATION  -  AD7248A 

The  input  loading  structure  on  the  AD7248A  is  configured  for 
interfacing  to  microprocessors  with  an  8-bit  wide  data  bus.  The 
part  contains  two  12-bit  latches— an  input  latch  and  a  DAC 
latch.  Only  the  data  held  in  the  DAC  latch  determines  the  ana- 
log output  from  the  convener.  The  truth  table  for  AD7248A 
operation  is  shown  in  Table  II,  while  the  input  control  lo^  div 
gram  is  shown  in  Figure  6. 
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Figures.  AD7248A  Iriptit  Control  Logic 


CSMSB,  CSLSB  and  WR  control  the  loading  of  data  from  the 
external  data  bus  to  the  input  latch.  The  eight  data  inputs  on 
the  AD7248A  accept  right  justified  data.  This  data  is  loaded  to 
the  input  latch  in  two  separate  write  operations.  CSLSB  and 
WR  control  the  loading  of  the  lower  8-bits  into  the  12-bit  wide 
latch.  The  loading  of  the  upper  4-bit  nibble  is  controlled  by 
CSMSB  and  WR.  All  control  inputs  are  level  triggered,  and 
input  data  for  either  the  lower  byte  or  upper  4-bit  nibUe  is 
latched  into  the  input  latches  on  the  rising  edge  of  WR  (or 
either  CSMSB  or  CSLSB).  The  order  in  which  the  data  is 
loaded  to  the  input  latch  (i.e.,  lower  byte  or  upper  4-bit  nibble 
first)  is  not  important.  ■ 


The  LDAC  input  controls  the  transfer  of  12-bit  dau  from  the 
input  latch  to  the  DAC  latch.  This  LDAC  signal  is  also  le«l  ■ 
triggered,  and  data  is  latched  into  the  DAC  la$^l^/^  jl)f^ 
edge  of  LDAC.  The  LDAC  input  is  asynchr^^iiofisjy 
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the  simultaneous  updating  of  multiple  AD7248A  outputs.  How- 
ever, in  systems  where  the  asynchronous  LDAC  can  occur  dur- 
ing a  write  cycle  (or  vice  versa)  care  must  be  taken  to  ensure 
that  incorrect  data  is  not  latched  through  to  the  output.  In  other 
words,  if  LDAC  goes  low  while  WR  and  either  CS  input  are 
low  (or  WR  and  either  CS  go  low  while  LDAC  is  low),  then  the 
LDAC  signal  must  stay  low  for  t,  or  longer  after  WR  returns 
high  to  ensure  correct  data  is  latched  through  to  the  output. 
The  write  cycle  timiiig'cUa^im'for  the  AD7248A  ts  sh(S«W  in 
Figtire  7. 


lSac 


Figure  7.  Ab7248X  Wntb  Cycle  Timing  Diagram 

An  alternate  scheme  for  writuig  data  to  the  AI>7'248A  is  to  tie 
the  CSMSB  and  LDAC  inputs  together.  In  this  case  exercising 
CSLSB  and  WR  latches  the  lower  8  bits  into  the  input  latch. 
The  second  write,  which  exercises  CSMSB,  WR  and  LDAC 
loads  the  upper  4-bit  nibble  to  the  input  latch  and  at  the  same 
time  transfers  the  12-bit  data  to  the  DAC  latch.  This  automatic 
transfer  mode  updates  the  output  of  the  AD7248A  in  two  write 
operations.  This  scheme  works  equally  well  for  CSLSB  and 
LDAC  tied  together  provided  the  upper  4-bit  nibble  is  loaded 
to  the  input  latch  followed  by  a  write  to  the  lower  8  bits  of  the 
mput  latch.   

"ttmU.  AD7248A  Tiodi  Talde 
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APPLYING  THE  AD7245A/AD7248A 

The  Internal  scaling  resistors  provided  on  the  AD724SA/ 
AD7248A  allow  severiU  bufput  voltage  ranges.  The  part  can  pro- 
duce iinipolar  output  ranges  of  0  V  to -fS  V  or  0  V  to -1-10  V  ' 
and  a  b^br  buqpiit  mtge'df -^S- V  to  4-S  V.'  Ommectiom  foic 
the  various  ranges  are  outlined  below. 


UNIPOLAR  (0  V  TO  -1-10  V)  CONFIGURATION 

The  first  of  the  configurations  provides  an  output  voltage  range 
of  0  V  to  + 10  V.  This  is  achieved  by  connecting  the  bipolar 
offset  resistor,  Rqfsj  m  AGND  and  connecting  Rpg  to  Vqut- 
In  this  configuration  the  AD7245A/AD7248A  can  be  operated 
single  supply  (Vss  =  0  V  =  AGND).  If  dual  supply  perfor- 
mance is  required,  a  Vjs  of  - 12  V  to  - 15  V  should  be  applied. 
Figure  8  shows  the  cotmection  diagram  for  unipolar  epN^on  ' ' 
while  the  table  for  output  voltage  versus  the  digital  edde  Hi 
DAC  latch  is  shown  in  Table  III.  .     _  • 
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'Figure  8.  Unipolar  (0  to  -ffd'WConfiguratioh 
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Table  III.  l^qipolor  Code  T^ble  (Q  V^to  +10  V  Range) 


DAC  Latch  Contents 
iVlSB  LSB 


1111     1111  1111 

Yo 0  0  0  000  0001 

1000    0000  0000 

0  111     1111  1111 

0000  0000  Qoo; 

0000  0000  0000 


Analog  Output,  \ovt 


+2  Vr 


+2V„ 


+2V. 


+2  V« 


+?V. 


/4095\ 
1^40%  j 


/2049\ 
^^4096/ 

V4096j 

/2047\ 

[me) 


0  V 


NOTE:  1  LS8  =  2  •  \«^2-")  =  Vref 


(2048) 


UNIPOLAR  (0  V  TO  +5  V)  CONFIGURATION 

The  0  V  to  -1-5  V  output  voltage  range  is  achieved  by  tying 
RoFs>  RpB  and  ^ovt  together.  For  this  output  range  the 
AD7245A/AD7248A  can  be  operated  single  supply  (Vss  =  0  V) 
or  dual  supply.  The  table  for  output  voltage  versus  digital  code 
is  as  in  Table  III,  with  2  •  Vref  replaced  by  Wkbt-  Note  that 
for  this  range 

1  LSB  =  V^^-'^  =  V„p  ■  ^  • 
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BIPOLAR  CONFIGURATION 

The  bipolar  configuration  for  the  AD7245A/AD7248A,  which 
gives  an  output  voltage  range  from  -5  V  to  +5  \',  is  achieved 
by  connecting  the  Rofs-  input  to  REF  OUT  and  connecting 
RpB  iind  VouT-  The  AD7245A/AD7248A  must  be  operated 
from  dual  supplies  to  achieve  this  output  voltage  range.  The 
code  table  for  bipolar  operation  is  shown  in  Table  IV. 

Table  IV.  Bipolar  Code  Table 


DAC  Latdi  Contents 
MSB  LSB 


1111  1111  1111 

1000  OOQO  ODD  I 

10  0  0  0  0 Q  0  0  0  0  0 

0-111  1111  1111 

0000  0000  0001 

0000  0000  0000 


■■.<■  r 


Analog  Output,  V^ttT 


+v     •  (^^] 


(2048) 


0  V 


(—] 

\2m  ) 


-V    •  (—\ 

^"^^  12048) 


-V      •  =  -V 


NOTE:  1  LSB  ^  Z  •  ^^2"") 
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AGND  BIAS 

The  AD7245A/AD7248A  AGND  pin  can  be  biased  above  sys- 
tem GND  (AD7245A/AD7248A  DGND)  to  provide  an  offset 
■'zero"  analog  output  voltage  level.  With  unity  gain  on  the  am- 
plifier (Rofs  =  ^ovt  =  Rfb)  the  output  voltage,  Vqut  is  ex- 
pressed as: 

^OUT  ~  ^BIAS  ^  ^  '  ^REF  i 

where  D  is  a  fractional  representation  of  the  digital  word  fa  the 
DAC  latch  and  V^iks  ^  the  voltage  ai^lied  to  the 
AD724SA/AD7248A  AGND  {rin. 

Because  the  ciurent  flowing  out  of  the  AGND  pin  varies  with 
digital  code,  the  AGND  pin  should  be  driven  from  a  low  imped- 
ance source.  A  circuit  configiuration  is  outlined  for  AGND  bias 
in  Figure  9  using  the  AP589,  a  -lrl.23  V  bandgap  reference. 

If  a  gain  of  2  is  used  on  ^B^'^i|fa  amplifier  the  output  voltage, 
Vqut  is  expressed  as 

VovT  =  2(Vb„5  +  D  ■  V^p) 

In  this  case  care  must  be  taken  to  ensure  that  the  max- 
imum output  voltage  is  not  greater  than         ~3  V.  The 
Vdd~Vout  overhead  must  be  greater  than  3  V  to  ensure  cor- 
rect operation  of  the  part.  Note  that  Vdd  and  Vjs  for  the 
AD724SA/AD724M  must  be  referenced  to  DGND  (system 
GND).  The  entire  drcuit  can  be  operated  in  single  supply  widi 
the  Vss  pin  of  the  AD724SA/AD7248A  connected  to  system 
GND. 
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Figure  ft  AGND  Bias  Circuit 

PROGRAMMABLE  CURRENT  SINK 

Figure  10  shows  how  the  AD7245A/AD7248A  can  be  configured 
with  a  power  MOSFET  transistor,  the  VN0300M,  to  provide  a 


programmable  current  sink  from  V^d  of  Vg, 


The 


VN0300M  is  placed  in  the  feedback  of  the  AD7245A/AD7248A 
amplifier.  The  entire  circuit  can  be  operated  in  single  supply  by 
tying  the  Vss  of  the  AD7245A/AD7248A  to  AGND.  The  sink 
current,  Isinkj       be  expressed  as: 


Rl 


T 


AD7245A/AD: 


■DtOrTAl  CWCUtTRV         DGMol  AGNO 


Figure  10.  Programmable  Current  Sink 

Using  the  VN0300M,  the  voltage  drop  across  the  load  can  typi- 
cally be  as  large  as  Vjource  ~6  V)  with  Vqut     'he  DAC  at 
+5  V.  Therefore,  for  a  current  of  50  mA  flowing  in  the  Rl 
(with  all  Is  in  the  DAC  register)  the  maximum  load  is  200  fi 
with  VsouRCE  =  +15  V.  The  VN0300M  can  actually  handle 
currents  up  to  500  mA  and  still  function  correctly  in  the  circuit, 
but  in  practice  the  circuit  must  be  used  with  larger  valura  of 
VsouRCE  otherwise  it  requires  a  very  small  load. 
Since  the  tolerance  value  on  the  reference  voltage  of  the  AD7245A/ 
AD7248A  is  ±0.2%,  then  the  absolute  value  of  Isink  <^ 
by  ±0.2%  from  device  to  device  for  a  fixed  value  of  Rl. 

Because  the  inpnt  bias<£uneBt  i^Mfae  AD724SA/AD72<KA^s  op 
amp  is  only  of  the  order  of  picoamps,  its  effect  on  the  sink  cur- 
rent is  negligible.  Tying  the  Rqfs  input  to  Rpg  input  reduces 
this  effect  even  further  and  prevents  noise  pickup  which  could 
occur  if  the  Rofs  P"'      ^  tmcoimected. 
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AD7245A/AD7248A 


The  circuit  of  Figure  10  can  be  modified  to  provide  a  program- 
mable currem  source  to  AGND  or  -Vs,nk  (for  -VsiNKt 
dual  supplies  are  required  on  the  AD7245A/AD7248A).  The 
AD7245A/AD7248A  is  configured  as  before.  The  current 
through  Rl  is  mirrored  with  a  current  mirror  circuit  to  provide 
the  programmable  source  current  (see  CMOS  DAC  Apphcation 
Guide,  Pubhcation  No.  G872-30- 10/84,  for  suitable  current  mir- 
ror circuit).  As  before  the  absolute  value  of  the  source  current 
will  be  affected  by  the  *0.2%  tolerance  on  V^Ep.  In  this  case 
the  performance  of  the  current  mirror  will  also  affect  the  value 
of  die  source  cutT^.  ~  I     '  '   ^     .  " 

FUNCiKHN  QI^MUtOR  with  l^Q^^VIMABUE 
FREQUENCY 

Figure  11  shows  how  the  AD7245A/AD7248A  with  the  AD537, 
voltage-to-frequency  converter  and  the  AD639,  trigonometric 
functioii  goierator  to  provide  a  complete  function  generator  with 
programmable  frequency.  The  circuit  provides  square  wave,  tri- 
wave  and  sine  wave  outputs,  each  output  of  ±  10  V  amplitude. 

The  AD7245 A/AD7248A  provides  a  programmable  voltage  to  . 
the  AD537  input.  Since  both  the  AD7245A/AD7248A  and 
AD537  are  guaranteed  monotonic,  the  output  frequency  will 
always  increase  with  increasing  digital  code.  The  AD537  pro- 
vides a  square  wave  output  which  is  conditioned  for  ±  10  V  by 
amplifier  Al.  The  AD537  also  provides  a  differential  triwave 
output.  This  is  conditioned  by  amplifiers  A2  and  A3  to  provide 
die  ^1.8  V  tiivrave  required  at  the  input  of  the  AD639.  The 
triwave  is  fiirdier  scaled  by  amplifier  A4  to  provide  a  ±  10  V 
output. 

Adjusting  the  triwave  applied  to  the  AD639  adjust  the  distortion 
performance  of  the  sine  wave  output,  i, - 10  V  in  configuration 
shown).  Amplitude,  offset  and  symmetry  of  the  triwave  can  af- 
fect the  distortion.  By  adjusting  these,  via  V'Rl  and  \'R2,  an 
output  sine  wave  with  harmonic  distortion  of  better  than  -50 
dB  can  be  achieved  at  low  and  intermediate  frequencies. 

Using  the  capacitor  value  shown  in  Figure  11  for  Cp  (i.e., 
680  pF)  the  output  frequency  range  is  0  to  100  kHz  over  the 
digital  input  code  range.  The  step  size  for  frequency  increments 
is  25  Hz.  The  accuracy  of  the  output  frequency  is  limited  to  8 
or  9  bits  by  the  AD537,  but  is  guaranteed  monotonic  to  12  bits. 


Microprocessor  interfacing-ad7245A 

AD7245A-8086A  INTERFACE 

Figure  12  shows  the  8086  16-bit  processor  interfacing  to  the 
AD7245A.  In  the  setup  shown  the  double  buffering  feature 
of  the  DAC  is  not  used  and  the  LDAC  input  is  tied  LOW. 
ADO-ADl  1  of  the  16-bit  data  bus  are  connected  to  the 
AD7245A  data  bus  (DBO-DBll).  The  12-bit  word  is  written  to 
the  AD7245A  in  one  MOV  instruction  and  the  analog  output 
responds  immediately.  In  this  example  the  DAC  address  is 
DOQO.  A  software  routine  for  Figure  12  is  given  in  Table  V. 
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Figure  12.  AD7245A  to  8086  Interface 

Table  V.  Sample  Program  for  Loading  AD7245A  from  8086 

ASSUME  DS  :  DACLOAD,  CS  :  DACLOAD 
DAOjOiO)  SEGMENT  AT  000  i 


00 

8CC9 

MOV  CS, 

:  DEFINE  DATA  SEGMENT 

CS 

REGISTER 

02 

8ED9 

MOV  DS, 

:  EQUAL  TO  CODE 

CX 

SEGMENT  REGISTER 

04 

BFOODO 

MOV  DI, 

:  LOAD  DI  WITH  DOOO 

#DOO0 

07 

C705 

MOV  MEM, 

:  DAC  LOADED  WITH  WXYZ 

"YZWX" 

#YZWX 

OB 

EAOOOO 

:  CONTROL  IS  RETURNED  TO 

OE 

00  FF 

THE  MONITOR  FROGRAM 

<  10k 


VR2 
S.Bk  4.12k 


Al.  AI,  Aa,  A4  -  ZXA0712 


-.1 


BgfMi?  1^.  Pfogtammable  Function  Generator 


jh396  tmrrAL-TQ-Ae/ALOBcxmvEfmf^ 


HEV.,0 


allows  me  user  to  simultaneously  update  all  UALs.  In  higure 
13,  a  12-bit  word  is  loaded  to  the  input  latches  of  each  of  the 
DACs  in  sequence.  Then,  with  one  instruction  to  the  appropri- 
ate address,  CS4  (i.e.,  LDAC)  is  brought  LOW,  updating  all 
the  DACs  simultaneously.  r.  O 


*UNEAR  CIRCUITRY 
OMITTtOKW 
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Figure  13.  AD7245A  to  8086  Multiple  DAC  Interface 
AD7245A-MC68000  INTERFACE 

Interfacing  between  the  MC68000  and  the  AD724SA  is  accom- 
plished using  the  circuit  of  Figure  14.  Once  again  the  AD724SA 
is  used  in  the  single  buffeted  mode.  A  software  routine  for  load- 
ing dau  to  the  AD7245A  is  given  in  Table  VI.  In  this  example 
the  AD724SA  is  located  at  address  EOOO,  and  the  12-bit  word  is 
wrinen  to  the  DAC  in  one  MOVE  instruction. 


Figure  14.  AD7245A  to  68000  Interface 


01000 

MOVE.W 

#X,D0 

MOVE.W 

D0,$E000 

MOVF  R 

a^778  Til 

TRAP 

#14 

The  desired  DAC  dau,  X, 
is  loaded  into  Data  Re- 
gister 0.  X  may  be  any 
value  between  0  and  4094 
(decimal)  or  0  and  OFFF 
(hexadecimal). 
The  Data  X  is  transferred 
between  DO  and  the 
DAC  Latch. 

Control  is  returned  to  the 
System  Monitor  Program 
using  these  two 
instructions. 


MICROPROCESSOR  INTERFACE-AD7248A 

Figure  15  shows  the  connection  diagram  for  interfacing  the 
AD7248A  to  both  the  8085A  and  8088  microprocessors.  This 
scheme  is  also  suited  to  the  Z80  microprocessor,  but  the  Z80 
address/data  bus  does  not  have  to  be  demultiplexed.  Data  to  be 
loaded  to  the  AD7248A  is  right  justified.  The  AD7248A  is 
memory  mapped  with  a  separate  memory  address  for  the  input 
latch  high  byte,  the  input  latch  low  byte  and  the  DAC  latch. 
Data  is  first  written  to  the  AD7248A  input  latch  in  two  write 
operations.  Either  the  high  byte  or  the  low  byte  data  can  be 
written  first  to  the  AD7248A  input  latch.  A  write  to  the 
AD7248A  DAC  latch  address  transfers  the  input  latch  data  to 
the  DAC  latch  and  updates  the  output  voltage.  Alternativdy, 
the  LDAC  input  can  beiBsynchrQuq^  or  can  beicommon  to  a 
number  of  AD7248As  fiv^^niiltaD^iniS'-apdfmBgj^  a  auinber  of 


voltage  channels. 


ADDRESS  BUS 


CSLSB 
C5MSB 
LDAC 


ADDRESS'DATA  BUS 
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Figure  15.  AD7248A  to  8085A/8088  Interface 


A  connection  diagram  for  the  interface  between  the  AD7248A 
and  68008  microprocessor  is  shown  in  Figure  16.  Once  again  the 
AD7248A  acts  as  a  memory  mapped  device  and  data  is  right 
justified.  In  this  case  the  AD7248A  is  configured  in  the  auto- 
matic transfer  mode  which  means  that  the  high  byte  of  the  input 
latch  has  the  same  address  as  the  DAC  latch.  Data  is  written  to 
the  AD7248A  by  first  writing  data  to  the  AD7248A  low  byte. 
Writing  data  to  the  high  byte  of  the  input  latch  also  transfers 
^  i^nt  kxsk  mx^emm     DAC  im^mA  qttetes  4|e 
oucput. 


mmmmmmk 
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, f^guj-e  16.  AD7248A  to  moOB  lipitfaee 

'  I  ' 

An  interface  circuit  for  connectioBS  to  fhe.S^  or  lM9  aicro- 
processors  is  shown  in  Figure  17.  Once  again,  the  AD7248A  is 
memory  mapped  and  data  is  right  justified.  The  procedure  for 
writing  data  to  the  AD7248A  is  as  outlined  for  the  8QS5A/8Q?,8,. 
For  the  6502  microprocessor  the  ^2  clock  is  used  tO;  gai^rate  - ; 
the  WR,  while  for  the  6809  the  E  signal  is  used.  '  '  ... 


Figure  17.  AD7248A  to  6502/6809  Interface 


m^A^X&V  BsSi^B^ecioesmii-Tiie  AD724M  is  pEacrai^;^>  jni 
lUs'Mt(%gffie»tt  IS  c^^gmd  in  the  automatic  tiaiisfeiliat>de, 
Data  to  be  loaded  to  the  input  latch  low  byte  is  output  to  Port  . 
1.  Output  Line  P3.0,  which  is  connected  to  CSLSB  of  the 
AD7248A,  is  pulsed  to  load  data  into  the  low  byte  of  the  input 

latch.  Pulsing  the  P3.1  line,  after  the  high  byte  data  has  been  

set  up  on  Port  1,  updates  the  output  of  the  AD7248A.  The  WR 
input  of  the  AD7248A  can  be  hardwired  low  in  this  appUcation 
because  spurious  ^ddl^  .^obes  on  CSLSB  and  CS^SB  do  not 
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WR 
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CSLSB 
CSMSB 
LDAC 
WR 
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ANALOG 
DEVICES 


CMOS 

8-Bit  Buffered  Multiplying  DAC 


FEATURES  . 
Microprocessor  Compatible  (6800,  SOK,  Z8P,  etc)  ' 
TTL/CMOS  Compatible  Inputs  <  - 

On-Chip  Data  Latches 
End  Point  Linearity 
Low  Power  Consumption 

IVIonQ^ificity  GM.arjntfijeti  jFinU,  Temperature  Range) 
-un«i-riwti«ri»Bs»et»iv«^   

APPIeiCATIONS 

MvoprenMor  (>ohtroired  Gain  Circuits 
Morp^ocessor  Controlled  Attenuator  Qrcuits 
Microprocessor  Controlled  Function  Generation 

IVecision  AGC  Circuits  ■  ~  

Bus  Structured  Instruments 


GjUiratAL  DESCRIPTION  ^ 
The  AD7524  is  a  low  cost,  8-bit  monolithic  CMOS  DAC 
designed  for  direct  interface  to  most  microprocessors. 

Basically  an  8-bit  DAC  with  input  latches,  the  AD7S24's  load 
cycle  is  similar  to  the  "write"  cycle  of  a  random  access  meixir 
ory.  Using  an  advanced  thin-film  on  CMOS  fabrication 
process,  the  AD7524  provides  accuracy  to  1/8LSB  with  a 
typical  power  dissipation  of  less  than  10  milliwatts. 

A  newly  improved  design  eliminates  the  protection  Schottky 
previously  required  and  guarantees  TTL  compatibility  when' 
using  a  +5V  supply.  Loading  speed  has  been'increased  for 
compatibility  with  most  microprocessors. 

Featuring  operation  from  +5V  to  +15V,  the  AD7524  inter- 
faces directly  to  most  microprocessor  buses  or  output  ports. 

Excellent  multiplying  characteristics  (2-  or  4-quadrant)  make 
the  AD7S24  an  ideal  choice  for  many  microprocessor  con- 
trolled gain  setting  and  signal  control  applicaiipns.  ^ 
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ORDfitONG  GUIDE 


Temperatpe 

Nonfiaearily 

Package 

Model* 

Range 

(V„D=  +15V) 

^tion' 

ADl'524JN 

-40°C  to  -^85°C 

±  1/2LSB 

N-16 

AD7524KN 

-40°C  to  -t-85°C 

+  I/4LSB 

N-16 

AD7524LN 

-40°C  to  -t-85°C 

±1/8LSB 

m6 

AD7524JP 

-40°C  to  -f^S'C 

±1/2LSB 

P-20A 

"AD%24ia' 

-Wtto  +S5t 

±1/4LSB' 

P-20A  ' 

AD7524LP 

-40°C  to  -l-85°C 

±mSB 

P-20A 

AD7524JR 

^40°C  to  -tr«5°C 

+  1/2LSB 

R-16A 

AD7524KR 

-i«rc  to  -^85°C 

±1/4LSB 

R-16A 

AD7524LR 

-40°C  to  -I-85X 

±1/8LSB 

R'16A 

AD7524AQ 

-4d°C  to  -t-85°C 

±1/2LSB 

^16 

AD7524BQ 

-40°C  to  +S5°C 

±1/4LSB 

Q'lS 

AD7524CQ 

-40°C  to  -l-85°C 

+  1/8LSB 

Q-16 

AD7524SQ 

-55°Cto  -t-125°C 

±  1/2LSB 

Q-16 

AD7524TQ 

-55°C  to  -M25°C 

±1/4LSB 

Q-16 

AD7524UQ 

-55X  to  +U5°C 

±1/8LSB 

Q-16 

AD7524SE 

-55°Cto  -l-125°C 

±1/2LSB 

E-20A 

AD7524TE 

-55°Cto  -l-125°C 

+  1/4LSB 

E'20A 

AD7524UE 

-55°C  to  +U5°C 

±I/8LSB 

E^20A 

NOTfiS  ■  T 

'To  order  MIL-STD-883,  Class  B  processed  parts,  add/883B  to  part  number. 
Contact  your  local  sales  office  for  military  data  sheet.  For  U.S.  Standard 
Military  Drawing  (S1«D)  see  DESC  drawing  #5962-87700. 

=  Leadless  Ceramic  Chip  Carrier;  N  =  Plastic  DIP;  P  =  Plastic  Leaded 
Chip  Curier;  Q  =  Cerdip;  R;^^iq.  ForaiilSiHiinfoniiation  see  Package 


SI  Al  111  rfcKrUKMA^Ufi 

j 

8 

■ 

Wm 

.  . —  .    KAfS-Vcniaas   . 

±1/2 

±U9 

^1/2 

V  n  T iraiiBi iiiia 

Of  1  VCfnOnl 

±1/2 

±1/4 

±1/2 

±1/4 

LSB  max 

■■^ "  ""JW^  .  ■■ 
Klu— iwiiitiin 

±1/2 

±1/8 

±1/2 

±1/8 

max 

punntccd 

pianntccd 

12  1/2 

11  1/4 

13  1/2 

±1  1/2 

LSB  max 

140 

no 

140 

110 

GAittTeneattM  AeAlB  +2S*'c  to 

Tmfci  or  firara  +2S*C  to  Tp.^ 

dc  Supply  Rejection,'  AGiin/AVop 

0.08 

0.02  ^ 

a» 

0.04 

%  FSR/%  max 

AVdo  =  ±10% 

0.002 

0.001  '";* 

0.01 

aoo5 

%FSR/%typ 

Ouiput  Leakage  Current 

DB0-DB7  =  OVj  WR.  CS- OV-,  Vref  =  ±">V 
DB0-DB7  =  Vdd  ;  WR,  CS  -  OV;  Vref  =■ 

loUTl  <Pin  1) 

IoUT2  <P'"  2)  i 

±50 
±50 

150  1 

550  ; 

1400 
1400 

±200 

±200         ■  ^' ' 

nA  max 
nA  max 

DYNAMK^ERFOKMAN^  ■  \ 


'  ac  Feeddirough' 
atOUTl 


4«ij;. 


0.2s 

0.25 


.■;v 


-iU5    ,  ■ 


OJ 


as 

0.S 


«FSRii 
««SKii 


OUTl  Load  =  lOOU,  Cext  =  HpF^  WR.GS- 
OV  ,  DB0-DB7  =  OV  to  Vdd  '»  OV. 

Vr^E-T  ±10V,  lOOkHz  sine  wave;  DB0~DB7  = 
OViWR,CS-OV 


REFERENCE  INPUT 
RiN  (pin  IS  to  GND)* 


J 
20 


20 


5 

20 


5 

20 


kfln 


ANALOG  OITpUTS 

Output  Capacitance'  .r 



Coim  <P>n  1)      '  " 

120 

120 

120 

120 

pPmax 

'  1MKK1B7  -  Vdd  i  WR,  CS  >  OV 

CouT2  (pii  2) 

30 

30 

pF  max 

CouTl  (pin  1) 

30 

30 

30 

30 

pF  max 

DB0"DB7  ~  OV^"  WR  CS  =  OV 

CouT2  (p'n  2) 

120 

120 

120 

120 

pF  max 

MfllTAL  INPUTS  

Inpu^  HIGH  Voltafc  Recjiiiicmcnt 

.♦2.4 

+13.5 

Vmin  ■ 

ri' lanu^lOW  VottigeRcqiii^iii^ 

an-.:  S 

+1.5 

%-                 7      ,  ^ 

—-. 

Vmax 

UpiiciOine&t                ""-i  — 

..■  ;  i-O'-  - 

±i6 

*M  '         .  _'-M.-  1  • 

•■  ^- 

.■,;-*»  a/. 

flAnux 

ViN-ov<sry^                    !  ' 

Iqpq^Cljpadtlllce'   , 

DBa-OB7 

5 

,,    ...  pEnui 

ViN-OV                    ,.  , 

WR,  CS 

20 

pF  idax 

Vo<=iOV 

SWITCHING  CHARACTERISTICS 

■  ■  ' 

Chip  Select  to  Write  Seup  Time* 

tcs                        >  ■ 

See  timiiig  diagxam. 

AD752«J,K,  L,ili»,ti.l 

170 

100 

^  .  '  220 

130  .  ■  ,. 

AD7S24S,T,U    j  , 

170 

100 

249 

ISO 

Oiip  Sddet  to  Write  H<M  Itee 

'  «<=» 

0 

0 

0 

0 

■It  f  i  \  '  i*^"*^  f 

Wriie.Pdie  Width 

■l-.J 

ifio 

•tS  >  tWR.  tCH  >  0  ' 

AD7S24J,  K,  L,  A,  B,  C 

170 

220 

130 

nsmin 

AD7524S,T.U 

170 

''430  -  , 

240 

ISO 

nsmin 

: '  ■  •  .i 

Dttsl$coip  Time 

':-..!f|\!:- 

,^S|4].K,L,A.«.C,  , 

135 

60 

170 

80 

'  iH  inili' 

AD7S24S,T.U    '  -  "  ' 

135 

60 

170 

100 

Dm&UTime       ~  '  >'''  '  | 

-  10 

10 

10 

10 

POWBK  SUPPLY 

Idd 

1 

2 

2 

2 

mA  max 

AU  Digital  Inpiia  Vn.  Of  V|h 

100 

100 

500 

500 

llAmax 

All  Diyoal  Ininia  OV  or  Vdd 

NOTES 

"Guanniced,  not  toted. 
*DftC  thin-Glm 
•AC 


I, K, L mian: -went +irc 

A,  B,  c  mioac -m:  D +m: 

S,  T,  U  lefwan; -SSX:  to  +  IHX: 
luinf  intcfiiil  fccdinck  ratoor.  Full  Seek  Rufle  (FRS)'^  V^uF- 

a  ■pproiiiiutcly  -  SOOppmTC. 
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(T,  =  +25X,  unless  otherwise  noted)  .■>''    '  !.■'<. 

VoDtoGND  .         -03V,  +17V 

VRFBtoGND    ±25V 

VREptoGND  .  .  .   ±25V 

IMgitai  Input  Voltage  to  GND   .  .  .  .    -O.SVioVdd  +0.3V 

OUTl,  OUT2  to  GND   -0.3V  to  Vdd  +0.3V 

Power  Dissipation  (Any  Package) 

-  to  +  .  ■; .' .       .   450mW 

i  Derates  above  75°C  by  6mW/°C 


^^OBperical  (J,  K,  L)  ., .    -WC  to  +  85°C 

Industrial  (A,  B,  C)  ............    -40°C  to  ^-SS'C 

Extended  (S,  T,  U)  -  55°C:  tt>  +  125°C 

Storage  Temperature  —  (5$^  to  +  150°C 

Lead  Temperature  (Soldering,  lOsecs)  +300°C 

*Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may 
cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and 
functional  operation  of  the  device  at  these  or  any  other  conditions  above 
those  indicated  in  the  operational  sections  of  this  specification  is  not 
implied.  Exposure  to  absolute  maximum  rating  conditions  for  extended 
periods  miy  affect  device  reliability. 


!  1 
CAUTION:  

BSD  (Electro-Static-Discharge)  sensitive  device.  The  digital  control  inputs  are  Zener  protect- 
ed; however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy 
electrostatic  fields.  Unused  devices  must  be  stored  in  conductive  foam  or  di^ts.  The  ftHQn 
should  be  discharged  to  the  destination  socket  before  devices  are  removed.     "•"'"^  ~^ 


WARNING! 


TERMINOLOGY  ,        -  "w. 

RELATIVE  ACCURACYi  A  measure  of  the  deviation  from 
B  straight  Une  through  the  end  points  of  the  DAG  transfer 
function.  Normally  expressed  as  a  percentage  of  full  at^ilci  •> 
range.  For  the  AD7524  DAC,  this  holds  true  over 
the  entire  Vref  range. 

RESOLUTION:  Value  of  the  LSB.  For  example,  a  unipolar 
converter  with  n  bits  has  a  reK>hition  of  v2-")  (Vref)-  A 
bipolar  converter  of  n  bits  has  a  resolution  of  [2~(o~i)] 
[VrefI-  Resolatioa  in  no  way  implies  Unnitby. 

GAIN  ERRORi  Gain  Error  is  a  Miasurt'bf  tHiif  'outpat  enor 
between  an  bled'  DAG  and  the  aenul  device  otttput.  It  is 


measured  with  all  Is  in  the  DAC  after  offset  error  has  been 
adjusted  out  and  is  expressed  in  LSBs.  Gain  Error  is  adjust- 
able  to  zero  with  an  external  potentiometer. 

FEEDTHROUGH  ERROR:  Error  caused  by  capacitive 

coupling  from  Vref  to  output  with  all  switches  OFF. 

OUTPUT  CAPACITANCE:  Capacity  from  OUTl  and  OUT2 
terminals  to  ground.  ' 

OUTPUT  LEAKAGE  CURRENT:  Current  which  appears  on 
OUTl  terminal  with  all  digital  inputs  LOW  or  on  OUT2 
terminal  when  all  inputs  are  HIGH.  This  is  an  error  current 
which  coutTibiite»ui  «f&et  voltage  at  the  amplifier  output. 


PIN  configuiiXti6ns 


.  1  -i'-tlii: 


DIP,  SOIC 


PLCC 


LCCC 


9   10  11   12  13 


AD7524 

CIRCUIT  DESCRIPTION 

CIRCUIT  INFORMATION  j  sTaaioiT  ^niiiiv^iO 

The  AD7524,  an  8-Mi;  malilplyiiigD/A  ei^fl^isfeVo^^ 
a  highly  stable  thin  film  R-2R  ladte  and  t^hf  J<#iijljAiii  •'' ' 
^itrent  sWitehes  on  a  monolilhic  chip.  Most  applications  re- 

the  ^dtfi'tibn  of  onl^  an  output  operationkl  amplifier  and 
aVoItage  or  current  referiilCi^. 

The  simplified  D/A  circuit  is  shown  in  Figure  1.  An  inverted 
R-2R  ladder  structure  is  used  —  that  is,  the  binarily  wei^ted 
currents  are  switched  between  the  OUTl  andOUT2  buslines, 
thus  maintaining  a  coristj 
pendent  of  the  switch  state. 


ity  at  the  DB0-DB7  data  bus  inputs.  In  this  mode,  the  AD7S24 
acts  like  a  nonlatched  inpBtfi>/A  converter.  .  r  f  :  lO?!* ' 
HOLDMODE_   

When  either  CS  or  WR  is  HIGH,  the  AD7524  is  in  tftie  .  • 
HOLD  mode.  The  AD7S24  analog  output  holds  thei«al0esei«-.  '.- 
responding  to  the  last  digital  input  present  at  DSQl^^Kl  i^sm^  . 
to  WR  or  CS  assuming  the  HIGH  sta«.i  ,   ■  ia-  .  " 

"V  )>  ■   I 'i   '  i 

MODE  SELECTION  TABLE 


l^^iiit  in  each  ladder  leg  inde- 


Vbef, 


'—I 

>-VVV-' 

f— VW-l 

>  n  wv- 

:20k 

►20k 

>  20k 

u. 

ks.2  ( 

\  S3 

I  I    >  £t 


,1  , 

I  I 


4f- 


-OOUT2 
-O0UT1 


CS 

WR 

MODE 

DAC  RESPONSE 

L 

L 

Write 

DAC  responds  to  data  bus 
(DB0-DB7)  inputs 

H 

X 

Hold 

Data  bus  (DBO  -  DB7)  is 
locked  outs                 •  -  ;v 

X 

H 

Hold 

DAC  holds  last  data  present 
when  WR  or  CS  assumed 

-■-'HKSH'sate'  '■ 

CS  C 

Wrc 


INTERFACE  L06IC 


1  T 

DB7  (M^l  DB6 


L  =  Low  State,  H  =  High  State,  X  =  Don't  Care. 
WRITE  CYCLE  TIMING  DIAGRAM 


tCH 


DBO  ILSBI 


V!      r:    .  Figure  1.  AD7524  Functional  Dia^am 
EQUIVALENT  CIRCUIT  ANALYSIS 

The  t^Smm~vii&^^-i&  digital  inputs  LOW  ifl^^Si^  ' 
Figur«iZY  Sfir^l^Te  2  with  all  digital  inputs  LOW',  tlie  refer- 
CT^e.Cuigent^.Sjyitched  to  OUT2.  Th^  current  ^source 
IU6AKAG*"'s  «f>»poscd  o^  mr&sk  and  jg^gg^yj^|^^,  f  ? 
die  siibstme  while  the  -^iz-  current  source  ^^seoe  a  con- 


VOPF'^'  switcb-ci^antaiK^iSrlOptJias  #Q4mM$^(IUtl' 
terminal.  Analysis  of  the  circuit  for  all  digital  inputs  high  is 
similar  to  Figure  2  however,  the  "ON"  switches  are  now  on 
terminal  OUTl,  hence  the  120pF  appears  at  that  , 


£ 

-•  O' 


NOTES: 

1.  All  input  signal  rise  and  fall  tiltiaiiliaaMjrMi'fironi!-' 
10%  to  90%  ol  VoD  Vdd  ■  +SV,  tt  -  tf  -  StM; 
Vdd  = +15V.  t,  -  tf  ^  40n«. 

21-Tlmiiii  Maauimiuit  Ribma  MM  h  "'^r^'^"-)  • 

3.  toi  *  tOH  It  approxinwMly  emtstantat  14BfM  min 
■ltK*C,VsD  -^SV  and  <!„»  170m  min.  Tlw 
AD7B24  H  ipKlfM  for  a  roininialn  toH  «'  t(lm> 
hoMMw.  In  applleatiom  vylwra  tpH  >  10ns,  tot 
may  ba  raduead  accordingly  up  to  ^a  limit  tpi  - 
OSni,  tDH  =  sons. 


I       'leakage      _  30pF 


<7 


^  »  i?2ra    '  f  £ 


I  'leakage     -J.  120pF 


Inputs  Low 

INTERFACE  LOGIC  INFORMATION 
MODE  SELECTION 

AD7524  mode  selecaon  is  eontroUied  by  ^1 
iiiputs. 

WRITEMODE_ 

When  CS  and  WRare  both  LOW,  the  AD7S24  is  in  the  WRITE 
mode,  and  the  AD7S24  analog  ou^ut  r^ponik  to  data  activ- 


1    1  1 

Ta  =  *25°C 
ALL  DIGITAL  INPUTS  ■ 
TIED  TOGETHER 

Vnn  = 

+5V 

\ 

k 

V|N,  VOLTS 

Figure  3.  Supply  Current  vs.  Logic  Level 

Typical  plots  of  supply  current,  Ido>  versus  logic  input  volt- 
ViN,  for  Vdd  =  +5V  and  Vdd  =  +1SV  are  shown  above. 
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Applying  the  AD7i2¥ 


ANALOG  aRCurr  comacnoNS 


NOTESi 

1.  R1  AND  R2  USED  ONLY  IF  GAIN 
ADJUSTMENT  IS  REQUIRED. 

2.  CI  PHASE  COMPENSATION  (lOpF-ISpF) 
IS  REQUIRED  WHEN  USING  HIGH  SPEED 
AMPLIFIERS  TO  PREVENT  RINGING  OR 
OSCILLATION. 


Figure  4.  Unipolar  Binary  Operation 
(2-QuadmtllihiMpllation) 


DIGITAL  INPUT 
MSB  LSB 


11111111 
10000001 
10000000 
01111111 
00000001 
00000000 


ANALOG  OUTPUT 


-V, 


RBP 


I  256  I 


-VrEF  (HI) 

-Vref  {jsz) 
-Vref  (ale) 


Vrbf 

2 


"REF 


(2f6)=» 


Note:  ILSB  =  (2-8)(Vref)  =  ^  (Vr^f) 
Tablet.  Unipolar  Binary  Code  Table 


MICROPROCESSOR  INTERFACE 


NOTES: 

V  1.  ADJUST  R1  FOR  VouT-OV  AT  CODE  lOOOOOW. 

a.CI  HIML  UlftWATIOM  IW  -  Wpfl  lUSt  BE 
RBlliniB>IFA1ltJkHiaH»ra>MmFIEIL 

Figures.  B^ar  f4-Quadm0'0immtlon 


DldlTAt  INPUT 
MSB  LSB 


11111111 

10000001 

1 0000000 
01111111 

00000001 

00000000 


ANALOG  OUTPUT 


+Vkef  (izs) 

0 

-Vref  (lis) 
"Vref  (12I) 
-Vref  (HI) 


Note:  1LSB  =  (2-')(Vref)=  i|8"^^REf) 
TMe  II.  Bipolar  (Offset  Binary)  Code  Table 


WR  AD7524^ 

DBP-DB? 


) 


ADDRSaVDATABUS 


FOR  CLARITY. 


Figure  6.  AD7S24/808SA  Interface 


Figure?.  AD7524/MC6800 Interface 


Vref  Vod 


V,  -  ♦(VbefIID'I 

Vn  =  -(Vref  )  (D"),  n  an  odd  inngar 

Vn  =  +  (Vref  KD").n  an  even  integer 


WHERE: 

_^^B7    DB6  DBO 

■  ,  \    .  <    n  2'    2!   ■ "  » 

and 

DB„-  lorO 
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fEATURES 

•  ±1/8  LSB  Maximum  Nonlinearfty  Over  Temperature 

•  ±0.002  LSB  Maximum  Zero-Scale  Error  (Ilkg  10nA) 

•  ±1  LSB  Maximum  Gain  Error  Omr  l^pmalam:  :' 

•  Microprocessor  Compatibie 

•  improved  Resistance  to  ESD 

•  Latcii-up  Resistant;  No  Scliotticy  Diodes  Required 

•  5mW@+5V  Maximum  Powrer  CwsuiniHi^  ^';!!  :  - 

•  Available  in  Die  Form 

•  Mlcrpprpc«is9r  C^trolie<d|  C|rc0^  .  >  •  -  : 
'9:  FreeiBien'AGe.Glcoulis,:-' opj  - 

•  Bus  Structured  Instruments    ;  ^-f      a,  ^.ir,.- 

•  Function  Generators 

I*  {Hgitai^  CHiiMM  AIMuatf^imd  P^y^^ 

ORDERING  INFORMATION  * 


CROSS  REFERENCE 


PACKAGE 

EXTENDED 

NON- 

MILITARY* 

INDUSTRIAL 

COMMERCIAL 

LINEARITY 

GAIN 

TEMPERATURE 

TEMPERATURE 

TEMPERATURE 

ERROR 

-55°C  to+125°C 

-40°Cto+85''C 

0°Cto+70°C 

±1/8  LSB 

±1  LSB 

PM7524AQ 

PM7524EQ 

PM7524GP 

*V4LSB 

±1 .5  LSB 

PM7524BQ 

PM7524FQ 

.  ±1/4  LSB 

±1.5  LSB 

PM7524BRC/883 

PM7524FPC 

±1/4  LSB 

±1 .5  LSB 

PM7524FS 

±1/4  LSB 

±1.5  LSB 

PM7524FP 

'    For  devices  processed  In  total  compliance  to  MIL-STD^sra:,aa(l  /Sra  vfwr  pail' 

number.  Consult  factory  for  883  data  sheet, 
t '  ^  Bum-ln  is  avaHaBle  on  commercial  and  industrial  ternperature  range  parts  In 
iVrfOerDIP,  plasKeOIP,  and-TO-can  packages. 


GENERAL  DESCRIPTION 

The  PI\/l-7524  Is  an  8-bit  monolithic  multiplying  digital-to- 
analog  converter  with  input  latches.  It  is  compatible  with  all 
popular  8-bit  microprocessors  including  the  6800,  8080,  8085, 
and  Z80.  Its  load  cycle  is  similar  to  that  of  a  RAM's  write  cycle. 

PMI's  tightly  controlled  thin-film  resistor  processing  provides 
1/8  LSB  linearity  without  laser  trimming.  The  design  incorpo- 
rates a  matching  MOS  transistor  switch  in  series  with  the  R-2R 
ladder  terminating  resistor  and  output  op  amp's  feedback 
resistor.  This  allows  the  DAC  to  achieve  an  excellent  gtttn 
tempco  and  improved  power  supply  rejection. 

Tfle  PM'-7524  exhibits  excellent  performance  on  a  single +5V  to 
+15V  power  supply.  It  is  TTL  compatible  at  +5V  and  dissipates 
less  than  50mW;  using  OV  or  Vdd  at  the  digital  inputs,  the  device 
dfsisipales  less  than  SO/nWat-l-SVand  150MWat+15V.  At+lgy  it 
is  CMOS  compatible. 

P«Mi's  improved  latch-up  resistant  design  eliminates  the  need 
for  external  protective ^chottky  diodes. 

The  PM-7524  is  manufactured  using  thin-film  resistors.Sinj9a- 
advanced  oxide-isolated  silicon-gate  CMOS  process. 


TEMPERATURE 

pmI 

API 

RANGE 

PM7524AQ 

AD7524UD 

PM7524BQ 

AD7524TD 

MIL 

PM7524BQ 

AD7524SD 

PM7524EQ 

AD7524CD 

PM7524FQ 

AD7524BD 

IND 

PM7524FQ 

AD7524AD 

PM7524GP 

AD7524LN 

PM7524FP 

AD7524KN 

COM 

PM7524FPC 

AD7524KP 

PIN  CONNECTIONS 

1i5-PIN  EPOXY  DIP 
(P-Suffix) 
16-PIN  HERMETIC  DIP 
(Q-Suffix) 
16-PIN  SO 
(S-Suffix) 


GND  7]  [«  »DD 

B7(MSB)  T]  nl  ...J 

NC  T]  [l8  NC   

B6  T]  [li  6i  ' 

B5  T]  [n  n:(LSB| 

s  s  s  a  i 

20-CONTACTPLCC 
(PC-SuffIx) 

20-CONTACT  LCC 
(RC-SuffIx) 


FUNCTIONAL  DIAGRAM 


BUS  INTERFACE  LOGIC 
AND 

DATA  LATCHES 


-O'OUT  2 
-O'OUT  1 


OBO  [LSB]  GND 


HEV.T0 


PM-7524 


otherwise  flOtedl, 


(to  GND)   -0.3V,  +1 7V 

-  (to  GND)  _  „  ±25V 

.„  „  ±25V 


,;».:-iO;3V  to 
.-0.3VtoV„„ 


Rpg(toGND)  

Digital  Input  Voltage  to  GND  ... 

Output  Voltage  (Pin  1 ,  Pin  2) ... 

Operating  Temperature  Range 

Military  (AG,  BO,  BRC  Versions)  -55°C  to  +125'>C 

Industrial  (EQ,  FQ,  FP,  FPC,  FS  Versions) .  -40-0  to  +85°C 
Comnnerclal  (GP  Version)   0°C  to  +70°C 

Junction  Temperature  +150°C 

Storage  Temperature  -eS'Cto +150°C 

Lead  Temperature  (Soldering,  60  sec)  +300°C 


PACKAGE  TYPE 

"ic  -    -  • 

16-Pin  Hermetic  DIP  (Q) 

100 

16 

'CW 

16-Pin  Plastic  DIP(P) 

82 

39 

•C/W 

20-Contact  LCC  (TC) 

98 

38 

•cnN 

16- Pin  SO  (S) 

111 

35 

'cm 

20-Contact  PLCC  (PC) 

•  've-' 

36 

NOTE:  ^    .  ■■ 

1.  e,^  i»  8petfiBaj|BMiaiiaia»»wBBfiirwtf  aimMawt,  la.,  e.^  is  specifiad  Mr 
device  In  socket  for  CerOIP,  P-DIP,  and  LCC  packages;  e.^  is  specified  for 
device  soldered  to  printed  circuit  board  for  SO  and  PICO  packages. 

CAUTION: 

1.  Do  not  apply  voltages  fiigfier  tfian  Vq_  or  less  tfian  GND  potential  on  any  ter- 
inlnal  exnpt  V^-^p  Ph^4^«M  F^B  (Pin  lis). ' 

2.  Tfie  digital  contmllnputs  are  zener  protected;  however,  permanent  damage 
may  occur  on  unconnected  units  from  fiigfi  energy  electrostatic  fields.  Keep 
units  in  conductive  foam  at  all  times  until  ready  to  use,         . ' 

3.  Use  proper  anti-static  handlirig  procedures. 

4.  AtaolutB  Ma«inum  Raiing^a|)p^  to  bdlli  picMgi^  dei^<«s-'«id't)IC^. 
Stresses  above  tliose  listed  under  Absolute  Mii)<imuirh  MtMi|S4tUiy  caufe 
permanentdamage  to  the  device.  .  c  t 


I 

ELECTRICAL  CHARACTERISTICS  at  =  +5V  and  +15V;  V^^p 
ITemperature  Range  for  each  grade  shpwn:  T^  _  -55°C  to  + 1 25°C  apply  for 
for  PM-752^l^£gii!^^PC/FS;  T^  -Q^tj)  +70°C|apply,for  F^7524GP,  unless  otherwise  noted 


»¥W|l|^^yi,-5ifcV^u.^2  =  OV;  Limits  apply  •to  the  Full 
PM-7S24«SfeQ/ARC/BRC;  T^  =  -4000  to  +85°C  apply 


1 

tli?"  1 

'  ■  MIN 

PM-7524 

TYP  MAX 

UNITS 

i-: 

1 

1* 

twsoiuDcin                     ~  t 

8 

jRelative  Accuracy 

P»if-7S24A/&e 
PM-re24B/F 

'   

+0.1 
(±1/4) 

±0.2 
(il/2) 

(LSB) 
*FSR 
(tSB) 

(Notes  t;  2j                ■  -'^ 

1                 ■        -  - 

Vdo  =  +15V 
■  PM-7524A/E/G 

PM-7524B/F 

:.  A.I  'fO  JAMOITOM'J  ■ 

-  ■.— iSW.-,       '  -. 

Ail  -  ~^ 

±0.05 
(±1/8) 
±0.1 
(±1/4) 

%FSR 
(LSB) 
%FSR 
(LSB) 

r 

PM-7S24A/E/G 

±0.4 
(±1) 
±0.8 
(±2) 

%FSR 
(LSB) 
%FSR 
(LSB) 

Gain  Error  ^   ^  ' 

i  I 

t  (Note  3)    j       '  V' 

\      1-1  -s 

.•Vdo  = 
■  T*' 

+25*  C 

■  ..jur>r;:  oiiJfcAi-L  & 

»  .-irri;!;  ■  ■■  ~ 

±0.4 

fO.6 
(±1.5) 

%FSH 

(LSB) 

Gain  TO. 

(Notes  4,  5) 

toGfs  ■  ; 

 1  

±0.001 

%FSB/°C 

DC  Power  Supply  Rejection 
i(AGain/AV^) 
(Notes  3,  6) 

-    PSR  - 

 ' — n 

1  . 

■  "    iri     (    •  -,h 

.1  ,- 

0:0^" 

1 

Output  Leakage  Currenf  ' 

,  CouTi'  '0UT2) 
(Notes  7, 8) 

'lkg 

Ta  =  +26''C,  VD[,  =  -f5V,  +'isV     '  "  ■  '' 
T;^  =  Full  Temp.  Range 

Vdd  =  -H5V 

^  ji 

Iff 
100. 

nA 

REFERENCE  INPUT 

Input  Resistance 
(Pm  15  to  GNO) 

7 

11 

IS 

kn 

(Note  11) 
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PM-7S24 


ELECTRICAL  CHARACTERISTICS  at  V^p  =  +5V  and  +15V;  V^gp  =  +10V;  Vgy^.,  =  V^^j^^  =  OV;  Limits  apply  to  the  Full 
Temperature  Range  for  each  grade  shown:  =  -55°C  to  +125°C  apply  for  PM-7524AQ/BQ/ARC/BRC;  T^  =  -40°C  to  +85"©  apply 
for  PM-7524EQ/FQ/FP/FPC/FS;     =  0°C  to  +70"'C  apply  for  RM-7524GP,  unless  otherwise  noted.  Continued 


l:T.               }'  ■■  V 

P 

>M-7524 

IHUtAMETER 

StniBOL 

CONDmONS 

MIN 

TVP 

MAX 

UNITS 

POWER  SUPPLY 

X  =  v..  or  V.Lj  ' 

1 

mA 

Supply  Current 
(Digital  Inputs  =  X) 

X  =  OV  or  Vdd 

'a    "  ^                   ,    .  _  , 
=  Fuii  Temp.  Range 

- 

10 
25 

,,A 

AMAIQft  OUTPUTS 

 ^w-^  

 '^^'y.  • ' ^'  ^  

DB0-DB7  =  Voo  (Note  12) 

-Output-C^aacltance 

-   

CouTi  (Pin  1)  

p  /Pin  91 

-  ^'OOTa  1"'"  ^1  ~    -  — 

  -  - 

.    _     —  .  . 

- 

120 
30 

Pf 

(Note  4) 

Co  ~ 

DB0-DB7  =  OV  (Note  13) 
Cqutj          ^     1    '  .' 

- 

30 
120 

DIGITAL  INPUTS' 

Digital  Inputs 
High 

Vdd  =  +15V  , 

+ZA 
+13.5 

—  , 

V 

Digital  Inputs 
Low 



_ 

-H).8 
+1.5 

V 

Input  Current 
(V,N  =  OV  or  Vdd) 

l|N 

T;^  =  Full  Temp.  Range 

- 

±1 
*10.  . 

Input  Capacitance 
(V,N  =  OV) 
(Note  4) 

DB0-DB7                      „j.  ^ 

wn.cs 

■  - 

S 
20.- r 

(Notes  4, 14) 

'  

Vdd  =  +SV 

170 
g40 

Chip  Select  to 

Tj  =  +25°C 
Tf^  ~  Full  Temp.  Range 
PM-7524A/B 

write  Setup  Time 
(twR  =  tcs) 

PM-7S24E/F/G  ,;. 

220 

- 

*CS 

Vdd  =  +15V                  ■  ■•■ 

TNote  M)              -    -  - 

Ta  =  +25''C 

Ty^  =  Full  Temp.  RanftetL       .  '..^1; 
PM-7524A/B 
PM-7S24E/F/Q 

100  ^ 

A..-'  :       ■  ■ 
150 

rl.,130 

nA 

Chip  Select  to 
Write  Hold  Time 

0 

ns 

Write  Pglse  Width 

Vdd  =  +5V 

T^  =  +25°C 

Ta  =  Full  Temp.  Range 
PM-7524A/B 
PM-7524E/F/G 

150 

220 
200 

As 

ttcH^WcH^O) 

Vdd  =  +15V 

Ta  =  +2S°C 

Ta  =  Full  Temp.  Rahge 
PM-7524A/B 
PM-7S24E/I7G 

100 

150 
130 

ns 

PM-75g4 


ELECTRICAL  CHARACTERISTICS  at  V^^,  =  +5V  and  +15V;  V^^p  =  +10V;  V^^j^,  =  Vq^^^  =  OV;  Limits  apply  to  the  Full 
Temperature  Range  for  each  grade  shown:  =  -55°C  to  +^25°C  apply  for  PM-7524AQ/BQ/ARC/BRC;  T^  =  -40''C  to  +85°C  apply 
f0rPM-7S24EQ/FQ/FP/FPC/FS;T.  •0K:  to+70°Capply  ferPM-7524GP,  trnlassetfaenMiM'hoM  esMinuatf 


-  - 

HUIAMETER 

SYMBOL 

CONDITIONS 

MIN 

PM^Sa4 
typ  max 

UNITS 

Vdd  =  +5V 

=  Full  Temp.  Range 

135 
170 

ris 

Data  Setup  Time 

tos 

Voo  =  +15V 
Ta  =  +25°C 
Ta  =  Full  Temp.  Range 

60 

100 
80 

ns 

DMaHoMTIine 

•oh 

10 

ns 

IWNMMC  FERFOMiANCE 

Propagation  Delay 
'(From  Digital  Input 
-to  90%  of  Final 

tpo  - 

Voo  =  -«V    .  .. 

TA=+2s«e 

Ta  =  Full  Tkmp.  Range 
PM-7524A/B- 
PM-7524E/F/Q 

—  150 

—  200 

—  175  " 

ns 

^nalog  Output  Current) 
(Notes  4, 9) 

Vdo  =  +15V 

Ta= Full  Temp.  Range   ,1    .  ^ 
PM-7524A/B                    ^  Jjv 

—  «S 

—  90 

ns 

Output  Current 
Settling  Time 

Voo  =  +5V                    .  ,  - 
Ta  =  +2S'C 
T/^  —  Full  l^p.  Range 

—  300 

—  350 

,(Ta  1/2  LSB) 
(Notes  4, 9, 15) 

«s 

Vdo  =  +1SV 
Ta  =  +26^ 
Ta'— Full  "mnp.  Range 

—  200 

—  2S0 

ns 

AC  Fesdthrsugh 

'oUTIt  'duT2 

FT  — 

—  0.25 

*FSR 

(Note  4) 


Digital  Ciiarge 
Injection 
(Note  16) 


Ta  =  -I-25°C 


Vdd 


=  +15V 


Ta  =  +2S»C 


NOTC& 

"'H  OiiaeanteedmonotonicoverMltemperatuierangeantfal>^=+6Vahd' 
+1SW. 

2.  FSR  (Full  Soale  Range)  =  Vf,ef-1  LSB. 
UaltlHimeftHH  leedt>ack  resistor. 

4.  Guaranteed  by  deeign  end  not  praduotlon  tasted. 

5.  Gain  TC  measured  from  +2S°C  to  T^in  or  from  +iS'C  to  Tmax. 

6.  AVdd  =  ±1D%.     

7    DB0-DB7  =  OV;  WR_=  CS  =  OV;  V„^f  =  ±10V,  for  Iquti- 
8.   DB0-DB7  =  Vdd;  WR  =  CS  =  OV;  VpEf  =  ±10V,  for  Iquts- 


97  'IbSn  load=100n;CEXT=13pF;W''=CS=0V;DB0-DB7=0VtoVooor 

VootoOV    _ 

10.  VpEF  =  +10V,  f  =  100kHz;  DB0-DB7  =  OV;  Vl/R  =  CS  =  OV. 

11.  Temperature  coefficient  approximately  equals  +50ppm/°C. 

12.  DB0-DB7  =  Vbd:WR  =  C8  =  0V. 

13.  D«>-DB7  =  0V;WR=CS  =  0V. 

14.  See  Timing  Diagram. 

15.  Extrapolated:  ig  (1/2  LSB)  =  tpp  +  6.27-.  where  r= the  measured  firat  time 
constant  of  the  final  RC  decay. 

16.  Vhef  =  0V;  Digital  Inputs  =  0V  to  Vdd- 


2fm8  DmimL-m-mtALOQmm/eiiTBm 


REV.  C 


DICE  CHARACTERISTICS 


OrE  SIZE  0.070  X  0:076  Inch,  5320  sq.  mils 
(1.78  X  1.93  mm,  3i43sqj,  |nm) 


I-  'OUTI         ,  1 

2.  loUT2 

3.  GND 

4.  DB7(MSB) 

5.  DB6 

6.  DBS 
7  DB4 
8.  DB3 


9.  DB2 

10.  DB1 

11.  DBO  (LSB) 

12.  CS 

13.  WR 

14.  VoD 

15.  VsEf 

16.  RpB 


WAFER  TEST  LIMITS  at  Vpo  =  +SV  and  +15V;  Vref  =  +10V;  Vquti  =  Vout2  =  OV;  Ta  =  +25°C. 


SYMBOL 


CONDITIONS 


PM-7524G 
LIMIT 


STATIC  ACCURACY 


Relative  Accuracy 
(Notes:  ttSi)  .  .  ■. 


INL 


±0.2 
(±1/2). 


V„n  =  +15V 


±0.1 
(±1/4) 


%FSR 
(LSB) 


%FSR 
(LSB) 


Gain  Error 
(Note  3) 


±0.8 
(±2) 


±0.4 
i  (±1J 


%FSR 
(LSB) 


%FSR 
(LSB) 


DC  Power  Supply 

L. 

Rejection  Ratio 
(AGain/AVQp) 
(Notes  3,  4) 

PSRR 

%pSr/*  max 

Output  Leakage 
Current 

(louTv  Iqutz) 
(Notes  5, 6) 

'lkq 

Sr'- 

nAM/M 

REFERENCE  INPUT 

Input  Resistance 

"iN-  , 

tNOtet) 

■.     ■       '  7/16 

kn  MIN/MAX 

DIGITAL  INPUTS 

Digital  Inputs 
High 

«IH 

VBb  =  +5V  • 
Vdd  =  +15V 

+2.4 
+13.5 

VMIN 

Digital  inputs 
Low 

V|L 

VDb  =  +5V 
Vob  =  +15V 

+0.8 
+1,5 

VMAX 

Input  Current 
(V|N  =  0VorVoD) 

l(N  ; 

±1 

fA 

POWER  SUPPLY 

1 

 i  . 

Suppiy  Current 

.     X  =  V,LOrV|H 

..           '  1 

mA 

(Digitai  Inputs  =  X) 

'dd 

X  =  OV  or  Vpp 

10 

CA 

NOTES: 

1.  Guaranteed  monotonia  over  fuii  temperature  range  and  at  Vpp  =  +5V  and 
+15V. 

2.  FSR  (Full  Scale  Range)  =  Vpi^p  -  1  LSB. 

3.  Using  intemai  feedbacic  resistor. 


4.  AVpp  =  ±10%.     

5.  0SIB-BB7  =  OV;  WR  =  GS  =  OVi       =  ±10V,  for  ioori- 
8.  OB0-OB>  =  Vdd',  WR  =  OS—  OV;  Vref  ~  ±10V,  <or  \oim- 
7.  Temperature  coefficient  approximately  equals  +50ppm/*'C. 


Electrical  testsare  performed  at  wafer  prolw  to  the  llmltsshown.Dueto  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  pacl<aging  I 
for  standard  product  dice.  Consult^ctory  to  negotiate  specifications  based  on  dice  lot  qualifleatipn  thraugh  sample  lotassembly  and  testing. 


8EV.G 


RELATIVE  ACCURACY 
vs  REFERENCE  VOLTAGE 


±1.000 
±0.875 


o  ±0.500 
S  ±0.375 


M2S0 
±0.135 


1  1  1  1 

Ta=+25°C 

0  =  + 

A 

NU  + 

A 

-2  0  2  4 
VkfIVOU*) 


GAIN  ERROR 
vs  REFERENCE  VOLTAGE 


I  ±0.10 


=  +5 

V — 

Vdd 

=  +1 

5V 

-«    -6    -4    -2     0  2 

Vmf  (VOLTS) 


4     6      <  10 


RELATIVE  ACCURACY 
vs  DIGITAL  INPUT  CODE 


— I  1  1 — 

0       l_  Vdd  =  +5V  AND  +15V 
»REF  -  +10V 


S  -0.125 


u  -0260 


-0J75 

-tan 


22     M     96     122     160     192  224 
DIGITAL  INPUT  CODE  (DECIMAL) 


FULL-SCALE  GAIN  ERROR 
vs  TEMPERATURE 


OUTPUT  LEAKAGE  CURRENT 
vs  TEMPERATURE 


POWER  SUPPLY  REJECTION 
vs  TEMPERATURE 


SUPPLY  CURRENT 
vs  TEMPERATURE 


-2$  0  25  50  7S 
'  _      TEMPERATURE  (^C)^ 

0! 


SUPPLY  CURRENT 
vs  TEMPERATURE 


iJf^l  1  .  ■ft'!'"  :■       ;  , 


2-410  DIGITAL-TO-ANALOG  CONVERTERS 


REV.  C 


PM-7iM 


BURNrIN  CIRQUIT 


NOTES: 

1.  CI  =  C2  -  4.7(iF  TANTALUM  50V  EVERY  10th  DEVICE. 

2.  03  =  C4  =  0.01(<F  CERAMIC  60V  EVERY  10th  DEVICE. 


DEFINITIONS  ^r\.H 

RESOLUTION     ^i-" '?'4,:ir!',r  , 

The  resolution  of  a  DAC  is  the  number  of  states  (2")  that  the; 
full-scale  range  (FSR)  is  divided  (of  resolved)  into,  where  n  is' 
equal,  to  the  nurnber  of  bit?.  Resolution  in  no  way  implies 
linearity.      '^'.^  i 

RELATIVE  ACCURACY 

Relative  accuracy  or  end-point  nonlinearity  is  a  measure  of 
the  maximum  deviation  from  a  straight  line  passing  through 
the  end-points  of  the  DAC  transfer  function.  It  is  measured 
after  adjusting  for  ideal  zero  and  full-scale  and  is  expressed 
in  %  or  ppm  of  full-scale  range  or  (sub)  multiples  of  1  LSB. 

PROPAGATION  DELAY 

The  time  for  the  output  current  to  reach  90%  of  its  Snal  value, 
from  a  givert'digita4i»put  signal.  !  " 

SETTLING  TIME 

Time  required  for  the  output  function  of  the  DAC  to  settle  to 
within  1/2  LSB  for  a  given  digital,  input  stimulus,  i.e.,  zero  to 
full  scale. 

GAIN  _    I  ,   >  ' 

Ratio  of  the  DAC's  lextefrral  operational  amplifier  output  vol- 
tage to  the  Vrep  input  voltafS'Wti^  using  the  DAC'S  internal' 
feedback  resistor.  ; 

GAIN  ERROR 

Gain  error  or  full-scale  error  is  a  measure  of  the  output  error 
between  an  ideal  DAC  and  the  actual  device  output.  Ideal 
output  is  equal  to  Vpgp  -  1  LSB. 

FSiBTHRSUaH  EIWSB 

Error  caused  by  capwiftlVis  doaplfftg  from  Vref  to  output  with 
all  switches  off. 


OUTPUT  CAPACITANCE  '*  THJ:Of!)C  Ty 

Capacitance  from  lounand  louT2t©™halstoground. 

OUTPUT  LEAKAGE  CURRENT 

Current  which  appears  on  Iqut  i  terminal  with  all  digital 
inputs  low  or  on  Iqut  2  terminal  when  all  inputs  are  high. 

CIRCUIT  DESCRIPTION 

CIRCUIT  INFORMATION  I 

The  PM-7524  is  an  8-blt  multiplying  CMOS  digital-to-analog 
converter  with  on-board  data  latches.  It  is  fabricated  using  a  ' 
highly  stable  thin-film  R-2R  resistw ladder  fietwdrk  ift>#Bigl#5 
N-channel  current  switches- A  VSiiagS  dr  ^tir^efvt  reference 
and  an  operatibTiarampffffeF  are  aff  liSriSrii^i^  Tn  the  i 
majority  of  apFJIicatlons. 

Figure  1  shows  a  simplified  circuit  of  the  PIVI-7524  converter 
The  R-2R  ladder,  current  steering  switches,  and  interface 
logic  are  shown.  The  switches  are  binarily  weighted  and 
switch  the  ladder  current  between  Iqut  i  and  Iqut  2  bus  lines; 
this  switching  allows  a  constant  current  to  be  maiqtained  in  i 
each  resistor  leg  regardless  of  the  switch  state.        -  | 

The  simplified  circuit  of  Figure  1  also  shows  the  matching 
switches  in  series  with  the  ladder  terminating  and  R^b  (feed- 
back) resistors.  These  switches  are  designed  to  temperature- 
track  the  ladder  current-steering  switches  and  improve  power 
supply  rejection.  Both  switches  are  MOS  transistors  that  have 
their  gate  turn-on  voltage  derived  from  Vqq  supply.  This  means 
the  terminating  and  feedback  resistors  are  open-circuit  when 
Vdd  power  is  off.  If  Rfb  is  used  as  part  of  an  op  amp's  feedback, 
element,  and  the  op  amp's  supply  comes  on  before  tFiie  DAC,  the 
op  amp's  output  will  go  to  the  rails.  It  renriairis  in  this  open-loop 
condition  until  the  DAC's  V^o  is  applied.  In  applications  where 
the  op  amp's  supply  must  come  on  before  the  DAC,  a  voltage 
clamp  or  external  feedback  resistor  may  be  necessary. 


FIGURE  1:  PM-7524  Functional  Diagram 


2okn  >  2aka 


DB7(MSB)  D86 


PM-7524 


EQUIVALENT  CiRCUIT  MiMXSmMATtzwi*  <  v  v 

Figure  Si8liNm8S«n  equivalent  circuit  for  thie  Pi\^-7524  with  ail 
digital  inputs  LOW.  The  Iqut  i  and  Iqut  2  leakage  current 
source  is  tlie  combination  of  surface  and  junction  leakages  to 
tfie  substrate.  Tfie  1/256  current  source  represents  the  con- 
stant 1-bit  current  drain  through  the  ladder  termination  resis- 
tor. The  situation  is  reversed  with  all  digital  inputs  HIGH, 
i.e.,  the  current  output  is  now  switched  to  the  Iqut  1  terminal. 
The  output  capacitance  is  dependent  upon  the  digital  input 
code,  and  Is  therefore  modulated  between  the  low  and  high 
■,  values. 

FIGURE  2:  PM-7524  Equivalent  Circuit 
(All  Digital  Inputs  LOW) 


-ORpB 


Vrefo  VW 


1 

"X 


-O'OUT  2 


Tl>V  i.9nO£  111  it 


INTERFACE  LOGIC  ot 

MODE  SELECTION     

The  mode  selection  Is  controlled  by  the  OS  and  WR  Inputs. 

WRITE  MODE   

The  PM-7524  is  In  the  WRITE  mode  when  both  the  CS and  WR 
are  both  LOW;  the  input  latches  are  transparent  and  the  output 
Immediately  follows  the  data  input  logic.  See  the  MODE 
SELECTION  TABLE.       v,  i^t  . "  •    1        ,  „  -; 

MODE  SELECTION  TABLE 


15S 

Wr 

^  RACJI^^PqNSE 

L 

L 

'  WRflTE 

!  '^ 

respl^tteile^ata  bus  ' 
(DBO— Dip')  mpufs  (trans- 
parent)   '■  ^\ 

H 

X 

^  MOLD 

Data  bus  (DBO-f-Ofi?)  Is  , 
locked  out  > 

X 

'  H- 

-  ■  Hom 

OAi&ttolds  last  data  present  ' 
■^^«*i|Bn  WR  or  CS  assumes  a 
— M1i(Higtate  

iL  =  Low  State,  H  =  High  State.  X  =  Don't  Care. 

I  .  'i  6  1 


L 


HOLD  MODE 

The  MODE  SELECTION  TABLE  show/s  the  output  results  when 
either  CS  or  WR  is  HIGH.  The  output  holds  the  value  corre- 
sponding to  the  last  digital  inputs  prior  to  CS  or  WR  assuming 
pie  HIGfif^ate. 

CYCLE  TIMING  OlAGRAM 


DATA  IN 
(060 -Mil 


DATA  STABLE 


NOTCS: 

1.  AU  INPUT  SIGNAL  RISC  AND  FALL  TIMES 
MEASURED  FROM  lOHTOflM  OF  Voo.  V«b 

•  •sH  I, .  ^ .  SOW  vpo         V  «• 

S.  THMNOMeASUREMeNTRCTBIENCCUnEL 

&  ^«%HlSAPPROXiMATELY  CONSTANT  AT 
148M  MM  AT  +25*  C.  Voo  =  AND  l„  ^ 
tlta  MM.  THE  PM-TSM  IS  SPECIREO  FOR 
A  HMMUM  ^  or  10m,  HOWEVER,  M 
WUCmONSimERC  tm  >  10m,  ^  MAY 
■g  REDUCED  UP  TO  THE  UMIT  fa,  =  iaM, 

ta-"M 


Supplycurrent(lDD)  versus  Logic  input  voltage  (Vin)  is  shown  in 
Figure  3.  This  plot  shows  the  supply  current  for  both  Vod  - 
arKlVDD  =  +15V. 


mitva  Logic  Level 


— I  1  r 

T«  -  +2S'C 


600  ^ 


•i-.'.l 
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APPLICATIONS 

;FIGURE4:  Unipolar  Binary  Operation 
i  (2-Quadrant  l\^ultipllcation) 


NOTES: 

1.  R1  AND  R2  USED  ONLY  IF  GAIN 
ADJUSTMENT  IS  REQUIRED. 

2.  CI  PHASE  COMPENSATION  (lOpF  -  15pF) 
MAY  BE  REQUIRED  WHEN  USING  HIGH 
SPEED  AMPLIFIERS  TO  PREVENT 
RINGING  OR  OSCILLATION. 


TABLE  1:  Unipolar  Binary  Code  Table 

DIGITAL  INPUT 
MSB  LSB 

ANALOG  OUTPUT 

1111 

1 

1  1  1 

-Vref  ( 

256  \ 
256  I 

1     10  0  0 

0 

0  0  1 

-Vref  ( 

129  \ 
256  ) 

10  0  0 

0 

0  0  0 

-Vref  ( 

128  \  Vref 
256  )  2 

0  111 

1 

1  1  1 

-Vref  ( 

127  \ 

256  ; 

0  0  0  0 

0 

0  0  1 

-Vref  ( 

256  ) 

0  0  0  0 

0 

0  0  0 

-Vref  ( 

TABLE  2:  Bipolar  (Offset  Binary)  Code  Table 

DIGITAL  INPUT 
MSB  LSB 


ANALOG  OUTPUT 


11111111 


+Vr 


(  128  ) 


1  0  0  0  0  0  0  1 


+VREF  (^) 


1  0  0  0  0  0  0  0 


0  1111111 


iry^  (^) 


0  0  0  0  0  0  0  1 


-Vref  (-128") 


0  0  0  0  0  0  0  0 


/J28_N 
I  128  ) 


NOTE: 

iLSB  =  (2-')  (Vref) 


1 


(Vref) 


FIGURE  6:  PM-7524/8085A  interface  I 
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<2l 


WR  PM-7524 

DB0-DB7 


Af^ESG/DATA  BUS 


ILSB  =      (Vref)  (Vref) 

FIGURE  5:  Bipolar  (4-Quadrant)  Operation 


^  MSB 
DATA  V 
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-VA  f— 

IkP.  -i-c_ 


r'ouT2 


NOTES: 

t  ASdMfffAIFORVouT-OVATOODEiaaBOOilO.  .  __ 

tf@«|j^aRipeMBATioM(io-ia@jf^^ 
tiE€um@ilp  AI  IS AHionspeaMMunfit. 
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WR  PM-7524 
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FIGURE  8:  Power  Generation  Connection 
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CIRCUIT  EQUATIONS 
»1  -  -  (Viu,)  (D) 

'n  =  -  CVw)  (D").  n  AM  ODD  IMTtOOl 

Vn  =  +  (Vref)  (D").  n  AN  EVEN  11 
WHERE: 


(Digitally  Controlled  Gain) 


4         11        12  13 
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2-474  DIGITAL-TO^ANALOG CONVERTERS 


REV.  C 


AD7528 


FEATURES 

On-Chip  Latches  for  Both  DAC» 
+  5V  to  +  15V  Operation 
DACs  Matched  to  1% 
Four  Quadrant  Multiplication 
TTL/CMOS  Compatible 

Latch  Free  (Protection  Sehottkyt  not  Required) 

APPLICATIONS 
Digital  Control  of:  ' 

Gain/Attenuation 

RIter  Parameters 

Stereo  Audio  Circuits 

X-Y  Graphica 


.  FUNCTIONAL  BLOCK  DIAGRAM 


GENERAL  DESCRIPTION 

Tbe  AD7S28  is  a  numolidiic  dual  8-bit  digital/analbg  converter 
featuring  excellent  DAC-to-DAC  matching.  It  k  itiilable  in 
ddnny  0.3"  wide  20^{iin  DIFs  and  in  20>tenmnat<ui&ce  moimt 
pacioiges. 

Separate  on-chip  latches  are  provided  for  each  DAC  to  ^ow  ■> 
easy  microprocessor  inter£ux. 

Data  is  transferred  into  either  of  the  two  DAC  data  latches  via  a 
common  8-bii  TTL/CMOS  compatible  input  port.  Control 
input  DAC  A/DAC  B  determines  which  DAC  is  to  be  loaded. 
The  AD7528's  load  cycle  is  similar  to  the  write  cycle  of  a  random 
access  memory  and  the  device  is  bus  compatible  with  most  8-bit 
microprocessors,  including  6800,  8080,  8085,  Z80. 

The  device  operates  from  a  +  5V  to  +  15V  power  supply,  dis- 
sipating only  20mW  of  power. 

Both  DACs  ofTor  excdlOit  four  quadiant  multiplication  charac- 
ttristicii  wkh  a  separate  reference  inpiit  and  feedback  resistor  for 
OKhDAC. 


PRODUCT  HIGHLIGHTS 

1.  DAC  to  DAC  matching:  since  both  of  the  AD7S28  DACs  are 
fabricatdl  at  the  silme  time  on  the  same  chip,  precise  matching 
and  traeking  between  DAC  A  and  DAC  B  is  inherent.The 
;AD7528's  matched  CMOS  DACs  make  a  i^raie  new  range  of 
aH»Bc«^ns  cinaiijs  possible,  particiiMy  iaMlBWiitin,  gr<a)liics 
and'proceneontRd'new.  ■  " 

2.  Small  package  size:  cambining  the  inputs  to  the  on-chip 
DAC  hncbes  mlo  a  common  data  bus  and  adding  a  DAC  A/ 
DM|9  lelfalMyilte^i^la^  the  AD7S28  to  be  pM«{diii 
adier  a'  snutt  HOntia  DIP,  SOIC,  PLOC  or  LCOC. 
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AD7528-SPECIFICATI0NS 


(V»„  A  =  Vref  B  =  +10V;  OUT  A  =  OUT  B^^  OV  unless  otheiwise  specified) 
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ABSOLUTE  MAXIMUM  RATINGS 

(Ta  =  +25°C  unless  otherwise  noted) 

Vdd  to  AGND  OV,  +  17V 

Vdd  to  DGND  OV,  +  17V 

AGND  to  DGND  Vdd  +0.3V 

DGND  to  AGND  Vdd  +0.3V 

Digital  Input  Voltage  to  DGND    ....    -0.3V,  Vdd  +  0.3V 

Vpm2,  Vpm20  to  AGND   -  0.3V,  Vdd  +  0.3V 

Vref  A,  Vref  B  to  AGND  +25V 

VrfbA,  VRFsBtoAGND   ±2SV 

Power  Dissipation  (Any  Package)  to  +75°C    .....  450mW 

Derates  above  +75°C  by  ...  ,   6niW/%: 

Operating  Temperature  Range 
Commercial  (J,  K,  L)  Grades  .  .  ,^ >, -^4(»°C  |p  +  85°C 

Industrial  (A,  B,  C)  Grades  -  40°C  to  +8S°C 

Extended  (S,  T,  U)  Grades  -55°C  to  +  125°C 

Storage  Temperature  -65°C  to  +  150°C 

Lead  Temperature  (Soldering,  10  sees.)  +300°C 

1  i.  .  .V,. 

CAUTION: 

1.  ESD  sensitive  device.  The  digital  control  inputs  are  diode  pro- 
tected; however,  permanent  damage  may  occur  on  unconnected 
devices  subjected  to  high  energy  electrostatic  fields.  Unused 
devices'  must  be  stored  in  conductive  foam  or  shunts. 

2.  Do  not  insert  this  device  into  pgwiraed  sockets.  Remove  power 
before  insertion  or  removal.  ' 

TERMINOLOGY  ;  ' 

Relative  Accuracy: 

Relative  accuracy  or  endpoint  nonlinearity  is  a  measure  of  the 
maximum  deviation  from  a  straight  line  passing  through  the  end- 
points  of  the  DAG  transfer  function.  It  is  measured  after  adjusting 
for  zero  and  full  scale  and  is  normally  expressed  in  LSBs  <a,i»,n 
percentage  of  full  scale  reading.  ,  , 

ORDERING  GUIDE* 


Temperature 

Relative 

Gain 

Package 

Model^ 

Range 

Accuracy 

Error 

Option' 

AD7528JN 

-40°Cto  +85°C 

±1LSB 

±4LSB 

N-20 

AD7528KN 

-40°Cto  +85X 

±  1/2LSB 

±2LSB 

N-20 

AD7528LN 

-40°Cto+85°C 

±  1/2LSB 

±1LSB 

N-20 

AD7528JP 

— W°Cto+85°C 

±1LSB 

±4LSB 

P-20A 

AD7528KP 

-40°Cto+85°C 

+  1/2LSB 

±2LSB 

P-20A 

AD7528LP 

-40°Cto  +8S°C 

±  1/2LSB 

±1LSB 

P-20A 

AD7528JR 

-WCto  +85°C 

±1LSB 

±4LSB 

R-20 

AD7528KR 

-40°Cto  +85''C 

±  1/2LSB 

±2LSB 

R-20 

AD7528LR 

-40°Cto+85"'C 

+  1/2LSB 

±1LSB 

R-20 

AD7528AQ 

-40°Cto+85°C 

±  ILSB 

+  4LSB 

Q-20 

AD7528BQ 

-40°Cto+85°C 

±  1/2LSB 

±2LSB 

Q-20 

AD7528CQ 

-40°Cto+85°C 

±  1/2LSB 

±1LSB 

Q-20 

AD7528SQ 

-55°Cto  +  125''C 

±1LSB 

±4LSB 

Q-20 

AD7528TQ 

-55°Cto  +  125''C 

±  1/2LSB 

±2LSB 

Q-20 

AD7528UQ 

-55°Cto  +  125°C 

±  1/2LSB 

±1LSB 

Q-20 

AD7528SE 

-55°Cto  +  125°C 

±1LSB 

±4LSB 

E-20A 

AD7528TE 

-55"Cto-H25°C 

±1/2LSB 

a:2LSB 

E-20A 

AD7528UE 

,,±  1/21,SR . 

USBaenlM  Nonlinearity: 

Differential  nonlinearity  is  the  difference  between  the  measured 
change  and  the  ideal  ILSB  change  between  any  two  adjacent  codes. 
A  specified  diSFeroatial  nonlinearity  of  ±  ILSB  max  over  ti>e 
(qierating  tempeiatuie  laoge  ensiiic«iaMeteicity. 

Goln^^^Tor:. -. 

Gain  error  or  full-scale  error  is  a  measure  of  the  output  error 
tween  an  ideal  DAC  and  the  actual  device  output.  For  the  AD7S28, 
ideal  maximum  output  is  Vref  ~  ILSB.  Gain  error  of  both  DACs 
is  adjustable  to  zero  with  external  resistance. 

Output  Capacitance: 

Capacitance  from  OUT  A  or  OUT  B  to  MSI^* 
Digital  to  Analog  Glitch  Impulse: 

The  amount  of  charge  injected  from  the  digital  inputs  to  the  analog 
output  when  the  inputs  change  state.  This  is  normally  specified 
as  the  area  of  the  glitch  in  either  pA-secs  or  nV-secs  depending 
upon  whether  the  glitch  is  measured  as  a  current  or  voltage  signal. 
Glitch  impulse  is  measured  with  Vref  A,  Vref  B  =  AGND. 
Propagation  Delay: 

This  is  a  measure  of  the  internal  delays  of  the  circuit  and  is  defined 
as  the  time  from  a  digital  input  change  to  the  analog  output  current 
reaching  90H^Miis  final  value. 

Channel-to-Channel  Isobitlon: 

The  proportion  of  input's%nal  fironi  one  DAC's  reference  input 
which  appears  at  the  ouq 
ratio  in  dB  . 

mgtal  Crosstalk: 

The  f^qk  energy  transferred  to  the  output  of  one  converter  due 
to  a  change  in  digitBl  in^t  code  to^^iO^m  miUf&Ux.  Specified 
innVseibs.-  '  "~   ,„  .,■ 
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DIP,  SOIC 
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IHOTES 

'AudctB  Devices  reserves  the  right  to  ship  side-brazed  oma»iie  &  lioi  of  eer^.  IPkitB 
be  marked  with  axdip  dttignator  "Q." 

^Prorassnig  ta  MIL-STD-883C,  CIbss  B  is  availaUe.  To  order,  add  sufBx  "/8g3B"  to  iMit 
oumba.  For  further  infomutiian,  see  Analog  Devices*  1990  Military  Products  Databook. 

=  Ii«KlleBB  Ceramic  Chip  Carrier;  K  ^  Vbatic  DIP;  P  =  Hastic  Leaded  Chip  Cvdo; 
Q  =  Oad^  R     SOIC.  #br  oioline  ih&naBdon  ««  Fl^^ 


AQND  ^ 
OUT  A  ^ 
RmA  [T 
VmfA  [T 
DGND  fT 
DAC  AAMC  B 
(KMBi  bn  [T 

A07528 

---..,-1 

w)  DB1 


 w  V««aauam/u  m^W,  jMiL.    A  XIS  VUUtX^ 

i^piit  DAC  A  A>AO#s3tets''^eb'i3AC  eia-aSie^  data  {rom 

Ae ihpUr|«*ti''=-'      '  •  -'■ 

Mode  Selection: 

Inputs  CS  and  WK  control  the  openting  mode  of  the  selected 
DAC.  See  Mode  Seledksn  Tsihfc  bddw.       '  •  _ 
Write  Mode:   

When  CS  and  WR  are  both  low  the  selected  DAC  is  in  the 
write  mode.  The  input  data  latches  of  the  selected  DAC  are 
transparent  and  its  analog  otttpn  reloads  ttfti^^lfy  on  DBO(^  ' 
DB7. 

Hold  Mode: 

The  selected  DAC  latch  retains  the  data  which  was  present 
on  DB0-DB7  just  prior  to  CS  or  WR  assuming  a  high  state. 
Both  analog  outputs  remain  at  the  values  corresponding  to  the 
dsfta  in  their  respective  latches. 
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WRITE 
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HOLD 

HOLD 
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HOLD 
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L-=LowSlate  H=  HighSlate  X  -  Don'tCKf. 

Mode  Selection  Table  ^  i 
WRITE  CYCLE  TIMING  DIAGRAM 
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□AC  AAAC  B 


DATA  IN  (DBiD-D87) 


DATA  IN  STABLE 


k: 


NOTES 

1  ALL  INPUT  SIGNAL  RISE  AND  FALL  TMES 
MEASURED  FROM  10%  TO  90%  OF  Vob^ 

Voo=  'SV.t.  =  l,  =  20«w; 
VoD  =  *  15V.  t.  =  t,  =  40n& 

2  TIMING  MEASUREMENT  REFERENCE  LEVEL  IS  - 


CIRCUIT  INFORMATION-D/A  SECTION 
The  AD7528  contains  two  identical  8-bit  multiplying  D/A  con- 
verters, DAC  A  and  DAC  B.  Each  DAC  consists  of  a  highly 
stable  thin  film  R-2R  ladder  and  eight  N-channel  current  steering 
switches.  A  simplified  D/A  circuit  for  DAC  A  is  shown  in  Figure 
1.  An  inverted  R-2R  ladder  structure  is  used,  that  is,  binary 
weighted  cunetits  are  switched  between  the  DAC  output  and 
A^D  ^IMtfyateg  fixed  cnxreBta  w  each  ladder  jade^ 
piSidenil  of  switch  state.  _     .\  .  - 


rujt  jitsuin  conveners,  m  mis  case  ual,  a.  a  similar  eqtiivalent 
circuit  aai  be  drawn  for  DAC  B.  Note  that  AGND  (Pin  1>  is 
common  for  both  DAC  A  and  DAC  B. 

The  current  source  Ileakage  'S  composed  of  surface  and  jimction 
leakages  and,  as  with  most  semiconductor  devices,  approidmately 
doubles  every  10°C.  The  teasi/at  Ro  >s  shown  in  Figme  Z  b  die 
equivalent  output  resistance  of  the  device  Which  vatiet^tK^ 
iiiput  code  (excluding  all  O's  code)  from  0.8R'  to  2R.  R  is  typiclUy 
llkn.  Coirr  is  the  capacitance  due  to  the  K-channel  switdies 
and  varies  from  abottt'S(l|^F  to  I20t>F  depending  upon  die  d^tal 
input.  g(VREF  A,  N)  is  die  Thevenin  equivalent  voltiige'i^eiator 
due  to  the  reference  input  voltage  Vref  A'aiid  tlie  tranifer' 
function  of  the  R-2R  laddw: 


j — VA — ^m:t 
-i— O0UT< 


Figure  2.  Equivalent  Analog  Output  Circuit  of  DAC  A 

For  further  information  on  CMOS  multiplying  D/A  converters 
refer  to  "Appplication  Guide  to  CMOS  Multiplying  D/A  Con- 
ytsrters"  available  £rom  Analog  Devices,  Publication  Number 
6479^15-8/78. 

CIRCUIT  INFORMATION-DIGITAL  SECTION 

The  input  buffers  are  simple  CMOS  inverters  designed  such 
that  when  the  AD7528  is  operated  with  Vn>D  =  5V,  the  buffer 
coriwrts  TTL  input  levels  (2.4V  and  0.8V)  into  CMOS  logic 
levels.  When  Vin  is  in  the  region  of  2.0  volts  to  3.5  volts  the 
input  buffers  operate  in  their  linear  region  and  pass  a  quiescent 
current,  see  Figure  3.  To  minimize  power  supply  currents  it  is 
recommended  that  the  digital  input  voltages  be  as  close  to  the 
supply  rails  (Vdd  and  DGND)  as  is  practically  possible. 

The  AD7528  may  be  operated  with  any  supply  voltage  in  the 
range  5,:SVdd^,15.  volts.  Witfi  Vdd  =  +  15V  the  input  logic 
^mc  CMflg'cainpMe  only,  i.e.,  l.SV'and  13.5V. 
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1    1  1 

T*  =  +25X   

L  DIGITAL  INPUTS 
riED  TOGETHER 

AL 

+  SV 

 1 

1  1^ 

^2 


1       2      3      4      S      •      7      8      9      10     11     12    13  14 
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Figure  3.  Typical  Plots  ofSup^&mm^  iko  vs.  i.ogie' 
Input  Voltage  l^j^.  for  Voo  =  +^Vmtff^¥t^/  '■' 


Figure  1.  Simplified  Functional  Circuit  for  DAC  A 

2n*w  wgital-to-analog  converters 
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NOTES: 

<R1,  R2  AND  R3.  R4  USED  ONLY  IF  QMN  ADJUSTMENT  IS  REQUnH). 

SEE  TABLE  3  FOR  RECOMMENDED  VALUES. 
%!,  a  PHASE  COMPBISAHON  (lOpF-ISpF)  IS  REQUIRED  WHBIi 

USING  HIGH  SPEED  AMPUFIERS  TO  PREVENT  RWIGING  OR 

OSdUATiON. 


F^re  4.  Dual  DAC  Unipolar  Binary  Operation  (2  Quadrant  Multiplication).  See  Table  I. 


p 

LATCH 

DAC  A 

1 

AD7&28 

♦ 

1 

u 

-V 

LATCH 

0 

DAC  B 

NOTES: 

'R1,  R2  AND  R3,  R4  USED  ONLY  IF  GAIN  ADJUSTMENT  IS  I 
SEE  TABLE  3  FOR  RECOMMENDED  VALUES. 

ADJUST  R1  FOR  Vqut  A  =  OV  \MTH  CODE  lOMOOOO  IN  DAC  A  LATCH. 
ADJUST  R3  FOR  Vour  B  =  OV  WITH  CODE  IIMOOOIH)  IN  DAC  B  LATCH. 
'MATCHING  AND  TRACKING  IS  ESSENTIAL  FOR  RESISTOR  PAIRS  Re,  R7 
AND  R9.  RIO.  .  •         .  '  -I 

■CI,  C2  PHASE  COMPENSATION  (10pF-15pF)  MAY  BY  REQUIRED  W  A1/M 
IS  A  HIGH-SPEQl  AMPUFIER.        fj/ .<<"•    ■'  ■      ^'  '  -.-  . 


„Rgitrm&  -  Oual  DAC  Bipolar  Operation  (4  Quatlrant  Multiplication).  See  Table  II. 


DAC  Latch  Contents 
MSB  LSB 


11111111 
1000000  1 
10  0  0  0  0  60 

-0'1'fWl'^l 
OOOOOOO 1 
00000000 


Analog  Output 
(DAC  A  or  DACE) 


DAC  Latch  Contents 
MSB  LSB 


■V.N(i) 
-V.N(i) 

MM-  - 

-V.K(i) 

-V.n(236)=» 


Yin 

2 


1  1  1  1  1  1  1  I 
10000001 

-t*o**ft«o 

PI  Fl  I 
0000000  1 

0  0  0  0  0  0  0  0 


Analog  Output 
(DAC  A  or  DAC  B) 


Table  I.  Unipolar  Binary  Code  Table 


N«e:  ILSB  -  (2  'xV,n)  -  ^(Vm) 

7a6/e  //,  Bipolar  (Offset  Binar/)  Code  Table 


Trim 

Resistor 

J/A/S 

lOB/T 

L/C7U 

R1;R3 

Ik 

500 

200 

R2;R4 

330 

150 

82 

Table  III.  Recommended  Trim  Resistor  Values  vs.  Grade 
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App^eatioll  Knts 

To  ensofe  system  performance  consistent  AD7528  ^xcifi- 
cations,  careful  attention  must  be  given  to  the  following  points: 

1.  GENERAL  GROUND  MANAGEMENT:  AC  or  transient 
voltages  between  the  AD7528  AGND  and  DGND  can  cause 
noise  injection  into  the  analog  output.  The  simplest  method 
of  ensuring  that  voltages  at  AGND  and  DGND  are  equal  is 
to  tie  AGND  and  DGND  together  at  the  AD7528.  In  more 
complex  systems  where  the  AGND-DGND  intertie  is  on  the 
back-{)Iane,  it  is  recommended  that  diodes  be  connected  in 
inverse  parallel  between  the  AD7528  AGND  and  DGND 
pins  (1N914  or  equivalent). 

2.  OUTPUT  AMPLIFIER  OFFSET:  CMOS  DACs  exhibit  a 
code-dependent  output  resistance  which  in  turn  causes  a 
code-dependent  amplifier  noise  gain.  The  effect  is  a  code-de- 
pendent differential  nonlinearity  term  at  the  amplifier  output 
which  depends  on  Vqs  (Vqs  is  amplifier  input  offset  voltage). 
This  differential  nonlinearity  term  adds  to  the  Ry2R  differential 
nonlinearity.  To  maintain  monotonic  operation,  it  is  recom- 
mended that  amplifier  Vqs  be  no  greater  than  10%  of  ILSB 
over  the  temperature  range  of  interest. 

3.  HIGH  FREQUENCY  CONSIDERATIONS:  The  output 
capacitance  of  a  CMOS  DAC  works  in  conjtuiction  with  the 
amplifier  feedbacl^  resistance  to  add  a  pole  to  the  open  loop 
response.  This  can  cause  ringing  or  oscillation.  Stability  can 
be  restored  by  adding  a  phase  compensation  capacitor  in', 
parallel  with  the  feedback  resistor. 

DYNAMIC  PERFORMANCE 

The  dynamic  performance  of  the  two  DACs  in  the  AD7528  will 
depend  upon  the  gain  and  phase  characteristics  of  the  output 
amplifiers  together  with  the  optimum  choice  of  the  PC  board 
layout  and  decoupling  components.  Figure  6  shows  the  relationship 
between  input  frequency  and  channel  to  channel  isolation.  Figure 
7  shows  a  printed  circuit  layout  for  the  AD7528  and  the  AD644 
dual  op-amp  which  minimizes  feedthrough  and  crosstalk. 


MMT  fREOimCT  . 


Figure  &  Channel  to  Channel  Isaiatlon 


SINGU  SUPPLY  AmJCATTONS 

The  AD7S28  DAC  R-2R  ladder  termination  resistors  are  onmected 
to  AGND  within  the  device.  This  arrangement  is  pardcularly 
convenient  for  single  supply  operatibn  McaSsc'KCifTB 'ibajr  be 
biased  at  any  voltage  between  DGND  and  Vqd'.  Figure  8  shows 
a  circuit  which  provides  two  ;+  SV  to  4-8V  al^o|  oulpdts  by 
biasing  AGND  fSV  up  tconi  BCNtiitbe  ttm  DAC  inference 
inputs  are  tip$iS^|{^liHmitll  tt&temx Jtq>atViDlage  siobtained 

without  a  hnfflpriampHfiqilby  miilring  ok  of  tlK  COISOuM  and 
matched  ''"f-in^cm  of  ^  DAC  K  ind-DA0  B  lefoen^-favuit. 
Current  flowitb|o«i^  tte~nno  DAC  H-TR  ^t^acais'No  $1  itti 
RI  is adjustsd the-Ki^ A;aad  Vkef 9 iinputsar^f  4- fV. 
Thfe  t]^.  analog  6tt^ut^vdtB^  range  Kbin  -l-SVto  +^.fyr 
DACcodesOOgOl^tqUnilllJl.  .,  . 


+  SV  ID  +W 


Figure  8.  AD7S28  Single  Supply  Operation 


Figure  9  shows  DAC  A  of  the  AD7528  connected  in  a  positive 
reference,  voltage  switching  mode.  This  configuration  is  useful 
in  that  Voirr  is  the  same  polarity  as  V^^  allowing  single  supply 
operation.  However,  to  retain  specified  linearity,  Vj^  must  be  in 
the  range  0  to  -H2.5V  and  the  output  buffered  or  loaded  with  a 
high  impedance,  see  Figure  10.  Note  that  the  input  voltage  is 
'connected  to  the  DAC  OUT  A  and  die  empnt  voltage  is  taken 
fixim  the  DAC  Vref  A  pin. 


Ftgurs9.  AD7S0Sli*^nple Supply,  Voltags Switching 
Mode 


•NOTEnWurMmMTOIIEOUCEKIBMIOuail. 

xxmnwamaarmvatvut^fiarraiffffeHi.     j  [ 

Figure  7.  Suggested  P.  C.  Board  Layovrtst  AtlT^  whH 
ADS**  Dual  Op-Amp  -f '  j-  -■^  ■  ^    •  .  ■ 


J 


Figure  10.  Typical  AD7528  Performance  in  Single  Supply 
Voltage  Switching  Mode  (K/B/T,  UOU  Grades) 

'  ■  '  VLo:  -1  A 
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AD7528 


MICROPROCESSOR  INTERFACE 


•ANALOG  OBCUrTRY  HAS  BSN  OWTTH)  KM  CURRV 
••A  -  DECOnei  TSa  ADDR  DAC  A 
A  +  1  -  DCCODB)  7S2S  AOOR  DAC  B 

Hgurell.  AD7528 Dual  DAC  to  6800 CPU  Interface 
PROGRAMMABLE  WINDOW  COMPARATOR 


•ANAUX!  CnCUITHY  HAS  BEEN  OMtTTHt  FOR  CUMTV. 
■■A  =  DECODED  7S28  ADOfl  OAC  A 
A  +  ^  =  DECODED  752S  ADOfi  DAC  8 

NOTE: 

sees  INSTRUCTION  SHLD  (STORE  H  ft  L  DIRECT]  CAN  UPDATE 
BOTH  DACS  WrrH  DATA  FROM  .H  AND  L.R«GISrERS 

Figure  12.  AD7S28DualDACtom8SCPUInmrface 


0  1 


In  di^  circuit  of  Figuie  13  die  AD7S2g  is  used  to  implaiient  a 
progranunable  window  comparator,  DACs  A  and  B  are  loaded 
with  the  required  upper  and  lower  voltage  limits  for  Ae  test, 
respectively.  If  the  test  input  is  not  within  the  progranmied 
limits,  the  pass/fail  output  will  indi^te  a  &il  (logic  zero). 

I  I  r.o 
ij  t 


V  AD311 
COMPARATOR 


Figure  13.  Digitally  Programmable  Window  Comparator 
(Upper  and  Lower  Limit  Detector) 

PROGRAMMABLE  STATE  VARIABLE  FILTER 


CIRCUIT  EQUATIONS 


R]  —  R2,  R4  —  R5 


S     WR   OAC  AAMC  B 


Figure  14.  Digitatly  Controlled  State  Variable  Rlter 

In  this  state  variable  or  univosal  filter  cooSi^aalion  (I%Bte  14) 
DACs  AI  and  Bl  control  the  ^in  and  Q  of  ^  ilt^  characteristic 
while  DACs  A2  and  B2  control  the  cut-off  frequency,  fc.  DACs 
A2  and  B2  must  track  accurately  for  the  simide  expression  for 
fc  to  hold.  This  is  readily  accomplished  by  the  AD7S28.  Op 
amps  are  2  x  AD644.  C3  compensates  for  the  effects  of  (q>  amp 
gain-bandwidth  limitations. 

REV.  A 


Note: 

DAC  equivalent  resistance  equals 
256  X  (DAC  Ladder  resistance) 
DAC  Digiial  Code 


The  filter  provides  low  pass,  high  pass  and  band  pass  outputs 
and  is  i^ally  su&ed  for  applications  where  SMcroprocessor  control 
of  filter  parameters  is  reqtted,  e.g.  ,  controls, 
etc. 

Programmable  iSBgfi  for  eonqmnent  values  shown  is  fc  =  0  to 

15kHz  and  Q  =  0.3  to  4.5. 
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Figure  15.  DigitallyControlledDualTeJephoneAttenuator 


Attn.dB 

D  AC  Input  Code 

Code  In 
Decimal 

Attn.dB 

DAC  Input  Code 

Code  In 
Decimal 

0 

1  1 

1 

I 

1 

1 

255 

8.0 

0  1 

1 

0 

0 

1  1  0 

102 

0.5 

1 

0 

0 

1 

0 

242 

8.5 

0  1 

1 

0 

0 

0  0  0 

96 

1.0 

1  1 

1 

0 

0 

1 

0 

0 

228 

9.0 

0  1 

0 

1 

1 

0  1  1 

91 

1.5 

1  1 

0 

1 

0 

1 

1 

1 

21S 

9.5 

0  1 

0 

1 

0 

1  1  0 

86 

2.0 

1  1 

0 

0 

1 

d 

1 

1 

203 

10.0 

0  1 

0 

1 

0 

0  0  1 

81,  " 

2.5 

1  1 

0 

0 

0 

0 

0 

0 

192 

10.5 

0  1 

0 

0 

1 

1  0  0 

76 

3.0 

1  0 

1 

1 

0 

1 

0 

1 

181 

11.0 

0  1 

0 

0 

1 

0  0  0 

72 

3.5 

1  0 

1 

0 

1 

0 

1 

1 

171 

11.5 

0  1 

0 

0 

0 

1  0  0 

68 

4.0 

1  0 

1 

0 

0 

0 

1 

0 

162 

12.0 

0  1 

0 

0 

0 

0  0  0 

64 

4.5 

1  0 

0 

1 

1 

0 

0 

0 

152 

12.5 

0  0 

1 

1 

1  0  1 

61 

5.0 

1  0 

0 

1 

0 

0 

0 

0 

144 

13.0 

0  0 

1 

1 

1 

0  0  1, 

57 

5.5 

1  0 

0 

0 

0 

0 

0 

136 

13.5 

0  0 

1 

1 

0 

1  I  0 

54 

6.0 

1  0 

0 

0 

0 

0 

0 

0 

128 

14.0 

0  0 

1 

1 

0 

0  1  1 

51 

6.5 

0  1 

1 

1 

1 

0 

0 

1 

121 

14.5 

0  0 

1 

1 

0 

0  0  0 

48 

7.0 

0  1 

1 

1 

0 

0 

1 

0 

114 

15.0 

0  0 

1 

0 

1 

1  1  0 

46 

7.5 

0  1 

1 

0 

1 

1 

0 

0 

108 

15.5 

0  0 

1 

0 

1 

0  1  ^ 

43 

Table  IV.  Attenuation  vs.  DAC  A,  DAC  B  Code  for  the 

Circuit  of  Figure  15 


For  futher  applications  informatioa  the  reader  i»  referred  to 
Aiiak>gIkvices^iplicationNoteoDtii^^07^: 
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ANALOG 
DEVICES 


Dual  S-Bit  Buffered 
Multiplying  CMOS  D/A  Converter 


PM-7528 


FEATURES 

•  On-Chip  Latches  For  Both  DACs 

•  +5V  To  +1SV  Single  Supply  Operalien 

•  DACs  Matched  To  1%  " 

•  Four-Quadrant  Multiplication 

•  TTL/CMOS  Compatible 

•  8-Btt  Endpoint  Linearity  (±1/2  LSB) 

•  'FUir  Temperature  Opt^ration 

•  Low  Power  Consumption 

•  Microprocessor  Compatible 

•  improved  ESD  Resistance 


• 'Agitable  in  siirfaee  Mtanint'SO.'PLee  m^mBPatHmst^ 

•  Available  In  DteFomi  -  r...v,.iw.,..,r  - 

APPLICATIONS 

•  Digital  Gain/Attenuation  Control 

PigiM  ConlrpI  Oj  Filter  Parameters    _  .  

•  Digitally-Controlled,  Audtp  Circuits 

•  X-V  Graphi(» 

•  Digital/Synchro  Conversion 

•  Robotics 

•  Ideal  For  Battery-operated  Equipment 

Qposs  re;=erenqe 


PMI 

ADI 

TEMPERATURE 
RANGE 

PM7528AR 
PM7528BR 
PM7528BR 

AD7528UD 
AD7528TD 
AD7528SD 

.  ■  Mlt 

PM7S28ER 
PM7528FR 
PM7528FR 

ADTSZBCQ 
AD^ZSBQ 
AD7528AQ 

IND 

PM7528GP 

PM7528FP 
PM7528FPC 

PM7528GP 
AD7528LN 
AD7528KP 

COM 

FUNCTIONAL  DIAGRAM 

B7  r 


BSca7 

DAC  B  O- 
CSO- 

Wro- 


LATCH  DAC  A 


I  J   lATCH        )      DACS  y 


AGND 

RcrB 


ORDERING  INFORMATION  < 


'J  '-'X.^- .     .  . 

EXTENDED 

MILITARY* 

INDUSTRIAL 

COMMERCIAL 

RELATIVE 

GAIN 

TEMPERATURE 

TEMPERATURE 

TEMPERATURE 

ACCURACY 

ERROR 

-55°CTO  +125'C 

-^0°C  TO  +85X 

0°C  TO  +70'C 

±1/2  LSB 

±1LSB 

PM7528AR 

PM7528ER 

PM7528GP 

±1/2  LSB 

±1LSB 

PM7S28ARC/883 

±1/2  LSB 

±2  LSB 

PM7S28BR 

PM7528FR 

±1/2  LSB 

±2  LSB 

PM7528BRC/883 

PM7528FP 

±1/2  LSB 

±2  LSB 

PM7528FPC 

±1/2  LSB 

±2  LSB 

PM7528FS 

*    For  devices  processed  in  total  compiiance  to  MiL-STD-883,  add/883  after  part 

number.  Consuit  factory  for  883  data  slieet 
t    Burn-in  is  avaiiabie  on  commerciai  and  industrial  temperature  range  parts  in 

CerDIP,  plastic  DIP,  and  TO-can  packages. 


GENERAL  DESCRIPTION 

The  PM-7528  contains  two  8-bit  multiplying  digital-to-analog 
converters.  Excellent  DAC-to-DAC  matching  and  tracking 
results  from  monolithic  construction.  The  PM-7528  consists  of 
tw/o  thin-film  R-2R  resistor-ladder  networks,  tracking  span  re- 
sistors, two  data  latches,  one  input  buffer,  and  control  logic. 
Operation  from  a  5  to  15  volt  single  power  supply  dissipates 
only  20mW  of  power  in  a  space  saving20-pin0.3"wideDIP.The 
PM-7528  features  circuitry  designed  to  protect  against  damage 
from  electrostatic  discharges. 

Digital  input  data  is  directed  into  one  of  the  DAC  data  latches 
determined  by  the  DAC  selection  control  line  DAC  A/DAC  B. 
The  8-bit  wide  input  data  path  provides  TTL/CMOS  compatibility. 
The  data  load  cycle  is  similar  to  the  write  cycle  of  a  random 
access  memory.  The  PM-7528  is  bus  compatible  with  most  8-bit 
microprocessors,  including  the  6800,  8080, 8085,  and 


PIN  CONNECTIONS 


AGND  [T 

2q]  OUT  B 

OUT  A  [T 

RpB  A  [T 

iil  VrefB 

Vref  a  [T 

DGND  [T 

DAC  A/DAC  B  [T 

lil  CS 

(MSB)  DB7  [T 

TTI  DBO(LSB) 

DB6  (T 

j7]  DBl 

DBS  |T 

17]  DB2 

DB4  fw 

iH  DB3 

20-PIN  EPOXY  DIP 
(P-SuHlx) 

20-PIN  MiRt4EllC  <DIP 
(R'Sufflx) 

20-PIN  SOL 
(S-Suffix) 


o  q: 
[3J[2JLl||jo]|i£J' 


PLCC  PACKAGE  dgnd  T]  Vop 

(PC-Suffix)      Biars/DACB  T]  [Em 

tMSB)  DB7    T]  ^  CS 

LCC  PACKAGE  .^  j^  [«  dbixlsbi 

(RC-Suf«ix)  MIIHMJIM/ 
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ABSOLUTE  MAXIMUM  RATINGS 

(T.=+25°C,  unless  otherwise  noted) 


to  AGND ............  OV.  +17V 


WSNDtoDGNO  


Digital  Input  Voltage  to  DGND 

VpiN  2.  VpiN  20 '°  AGNo.^ — 

=  B  to  AGND  ±25V 


 0V.+17V 

 JV.V,, 


V„pbA.V  "oBtoAGND  ±25V 


Operating  Temperature  Range 

AR,  ARC,  BR.BRC  Versions  -55°Cto±125°C 

tajuia-  Versions  .-40°C  to  +85°C 

GP  Version  0°Cto+70°C 

Junction  Temperature  +150°C 

Storage  Temperature  -eS'C  to+150°C 

Lead  Temperature  (Soldering,  60  sec)  . —  +300°C 

--^  jl  .3  aii5t       -T'  '  ?  •- 


PACKAGE  TVPE 

•  e,4(Note1) 

«|C 

UNITS 

20-Pin  Hermetic  DIP  (R) 

-  80 

IS 

•c/w- 

20-Pln  Plastic  DIP  (P) 

74 

32 

•c/w 

20-Conlacl  LCC  (RC) 

76 

36 

•ow 

20-Pln  SO  (S) 

89 

27 

•C/W 

20-Contact  PLCC  (PC) 

98 

38 

NOTE: 

1 .       is  specified  for  worst  cme  mounting  conditions,  i.e., 

device  in  socket  for  TO,  CerDtP,  P-DIP,  and  LCC  packages;      is  specified 

for  device  soldered  to  printed  circuit  board  for  SO  and  PLCC  packages. 
CAUTION: 


Do  not  apply  voltages  hiigtier  than  or  less  than  GND  potential  on  any  ter- 
minal except  Vp,gp. 

The  digital  control  inputs  are  zener-protected;  however,  permanent  damage 
may  occur  on  unprotected  units  from  high-energy  electrostatic  fielids,  Keep 
units  in  conductive  foam  at  all  times  until  ready  to  use. 
Do  not  insert  this  device  into  powered  sockets;  remove  power  before  insertion 
or  removal. 

Use  proper  antistatic  handling  procedures. 

Stonpoi  jjhove  .9ns»  toted  mnj^r  ''Absotute  Maximum  RaUno^jpiay^pQiffe  « 
permanent  damage  to  the  device. 


ELECTRICAL  CHARACTERISTICS  at  V^^  =  +5V  or  +1 5V,  V^^^A  =  V^^pB  =  -f  1 0V.  OUT  A  =  OUT  B 
apply  for  PM-7528AR/ARC/BR/BRC;      =  ^0°C  to  +85«C  apply  for  PM-7528ER/FR/FP/FPC/FS; 
PM7528GP,  unless  otherwise  noted. 


=  OV;T,= 


55°Cto-i-125°C 
0°C  to  ■i-70°C  apply  for 


./■iv'  ■  "  '1'. 

PARAMETER 

SYMBOL  CONDITIONS 

MIN 

PM-752S 

TYP  MAX 

■'UNITS" 

STATIC  ACCURACY 

(Notel) 

Resolution 

N 

8 

Bits 

Relative  Accuracy 
(Note  2) 

NL  'Ini 

±1/4 

Differential  Nonlineartty 
(Note  3) 

DM.  '■'  ■  '          "  '■■ 

±1 

■'.'.t:     tn.-i  1  i.-iriam.u  !u  ' 

PM7628WE/G 
P(^7528B/F 

*f  1 

■  ±2 

Full  Scale  Gain  Error          *  sr:;  ■• 
(Note4)  . 

PM762eA/E/G 
Pf»l7528B/F 

±3 
±4 

LSB 

V       or  ,  ,a(^^<fSv'.'  ■ 

T^  =  Full  Temp.  Range 

-  PM^KA/E/G 

PM7S28B/F 



±1  . 
±3 

Gain  Temperature 

Coefficient   

(AGaln/ATemperature) 

■  -''^    '  -P"-^^:  , 

±0.007 
4^0.0035 

%/°C 

T/i'-l-'^C 



1 

5 

±50 

Output  Leakage  Current 
Out  A  (Pin  2)/0ut  B  (Pin  20) 

Vdo  =  +5V 
Ilkg                 ~       Temp.  Range 

_.,*«0.._ 

nA 

04ote5), 

Voo  =  -H6V 

Ta  =  Full  Temp.  Range 

 ! 

— ¥m> 

'  .-^W — I' 

■  -»  1 

Input  Resistance 
(VhefA.V„h=B) 

i  ?  f  ?  • 

i  i,   

i. 

8 

( 

15 

r  ^      -J  1 
kn  ' 

V«H!A/«j,Ej,B 

(Inputipasistance  Match) 

AV„efA,B 

0.1 

±1 

%  , 
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ELECTRICAL  CHARACTERISTICS  at  V^d  =  tSV  or  +15y,  y,j^  =  V^pB  - +1 PV.  OUT  A  =  OUT  B  =  OV;  T^^  -SS'-C  to  +1 25°C, 
apply  for  PM-7528AR/ARC/BR/BRC;  T^  -  -40''G  to  +85''C  appllyrar  PM-7528ER;^f4W^S;  T^  ^^p'O/s^yim 
PM7528GFi  unless  ptberwisa  noted^xjjiaiaaasf---. ,  .  .^  


CONDITIONS 

WIN 

PM-7528 

RARAMETER   

-    -TtW  ■ 

UNITS 

DIGITAL  INPUTS 

(Note  9)  -  



Digital  Input  High 

(Note  8) 

V,NH 

Vdd  =  +5V 
Voo  =  <  15V 

24 
13.5 

- 
- 

- 
- 

V 

Digital  Input  Low 
(Note  8) 

V,NL 

Vdd  =  +5V 
Vp[j  =  -H5V 

._  _ 

— 
.  — 

— 
— 

0,8 
1.5 

a'.  V 

Input  Cut^rent 
(Note?) 

l|N 

Jf,  =  -l-25°C 

T;^  =  Full  Temp.  Range 

V'l  •  -  „  *. 
..V?  ■'■ 

— 

.001 

±1 
±10 

mA  , 

Input  Capacitance-      —  -   

(Note  10) 

CiN 

DB0-DB7 

WR,  CS,  DAC  A/DAC  B 

.  -  i  1  -       ) . 

10 
15 

,  o-pF 

SWITCHING  CHARACTERISTICS  at  Vqd  =  +5V 

(Notes  10, 11) 

—  —  . 



■  - 

Chip  Select  to 

tcs 

T/^  =  -t-2S*'C 

200 

ns 

Write  Set-Up  T)«n8 

T^  =  Full  Temp.  Range  ^,„*^ , 

230 

— 

— . 

Chip  Select  to 

•gh 

Ta  =  -l-25°C 

20 

- 

-  ' 

Write  Hold  Tim* 

Ta  =  Full  Temp.  Range 

30 

ns 

□AC  Select  to 
Write  Set-Up  Time 

Ias 

T;j  =  +25»C 

T;^  =  Full  Temp.  Range 

200 
230 

_ 

— 



— 

ns 

DAC  Select  to 
Write  Hold  Tinw' 

'ah 

Ta  =  -F25°C 

T;^  =  Full  Temp.  Range  *  * 

20 
30 





ns  . 

Data  Valid  to 

Ta  =  -t-25°C 

110 





ns 

Write  8et-Up  time 

Ids 

T^  =  Full  Temp.  Range 

130 

- 

- 

Data  Valid  to 
Write  Hold  Time 

*DH 

- 

0 

ns 

Write  Pulse  WidtH  ■ 

twB 

Ta  =  -Hae-c 

'  Ta  =  Full  Temp.  Range     -  - 

180 
200 

 — 

ns__ 

SWITCHING  CHARACTERISTICS  at  Vno  =  +1SV 

(Notes  10, 11) 

Chip  Select  to 

Ta  =  +25''C 

.- 

1       J  60 

ns 

Write  Set-Up  Time 

tcs 

T;^  =  Full  Temp.  Range 

80 

-  — 

Chip  Select  to 

T,  =  +25°C 

a'  * 

— 

Write  Hold  Time 

*CH 

Ta  =  Full  Temp.  Range   .  ,  . 

IS 

ns 

DAC  Select  to 

'as 

Ta  =  -f25°C 

60 

ns 

Write  Set-Up  Time 

Tf^  =  Full  Temp.  Range 

80 

DAC  Select  to 

Ta  =  -I-26°C 

IP 

Write  Hold  Time 

tM 

Ta  =  Full  Temp,  Range 

15 

ns 

Data  Valid  to 

'ds 

Ta  =  -l-25»C 

50 

Write  Set-Up  Time 

Ta  ^  Full  Temp.  Range 

70 

ns 

Data  Valid  to 

tpH 

Write  Hold  Time 

10 

ns 

Write  Pulae  Width 

twR 

Ta  =  -I-25°C 

Ta=  Full  Temp.  Range 

60 
80 

ns 

A  ! 
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PM7528GP,  unless  otherwise  noted.  ConUnuad 


MRANETER  I'i-',' 

SYMBOL 

CONDITIONS 

HIN 

PM-7528 
TYP 

MAX 

UMTS 

POWER  SUPPLY 

(Note  12) 

Supply  Current 

All  Digital  Inputs  V|f^(_  orV,fjH 

1 

mA 

(Note  21) 

'dd 

All  Digital  Inputs  OV  or  Vqq 

— 

— 

100 

AC  PERFORMANCE  CHARACTERISTICS 

(Note  13) 

DC  Supply  RejecMon  Ratio 
(AGain/AVoo) 
(Note  14) 

PSRR 

Vdd  =  +5V 
Ta  =  +25«C 
Tj^  —  Full  Temp.  Range 

_ 

_ 

0.02 
0.04 

VoD  =  +1SV 

T,=+2S"G 

1^  =  Fuii  Temp.  Range 





0.01 
0.02  ' 

Propagation  Delay 

«PD 

Vdd  =  +5V 
Ta  =  +25°C 

=  Fuli  Temp.  Range 

220 
270 

ns 

(NotesIS,  16, 17) 

Vdd  =  +1SV 
T^  =  +25°C 
T^  =  Full  Temp.  Range 

_ 



SO 
100 

Current  Settling  Time 

■  «. 

Vdd  =  +5V 
T^  =  +25*C 
Tft  =  Fuli  Temp.  Range 

- 

- 

350 
400 

ns 

(Notes  16, 17, 22) 

Vdd=  +15V 
Tj  =  +25°C 
T^  =  Full  Temp.  Range 

- 

180 
200 

Digital  Charge  injection 
(Note  18) 

Q 

T;^  =  +25°C 
Vdd  =  +5V 
Vpo  =  +15V 

- 

160 
440 

- 

nVs 

Output  Capacitance 

CqutA 
Cqut  B 

DAC  Latches  Loaded 
with  00000000 

50 
50 

Of 

Cqut  a 
Cqut  B 

DAC  Latches  Loaded 
with  11111111 

120 
120 

FeeMrougli 

 ffl  

Vi^AtoOUTA; 
%=+25°C 

Fuli  Temp.  Range 

-70 
-« 

iH 

dB 

(Note  19) 

>^BtoOUTB: 

T»  =  +25«C  ■ 

T^  =  Full  Temp.  Range 

-70 
-65 
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ELECTRICAL  CHARACTERISTICS  at  V„ 


=  +5Vor+15V,V„,,A  =  V„,,B  = 


+1 OV,  OUT  A  =  OUT  B  =  OV;  T,= -55»C  to  +1 25°G 


Sfppty  for  PM-7528AR/ARC/BFVBRC;  T^  -  -40''C  to  +86°C  apply  for  PM-7528ER/FR/FP/FPC/FS:  T^  ■■ 
PM7528GP,  unless  otherwise  noted.  Continued 


0°C  to  +70°C  apply  for 


PM-7528 

PARAMETER  SYMBOL 

CONDITIONS 

MIN 

TYP  MAX 

UNITS 

AC  PERFORMANCE  CHARACTERISTICS 

:  (Note  13) 

' 

Vref  A  to  OUT  B;              v  ^ 

Vf,BF  A=20W^p>8tni»*av»  ^    - -s 

@f  =  100kHz               ^           I-:' -  .) 

—77  — 

V„efB  =  OV. 

Ctiannel-lo-Ghannel               '  -  ■  ' 

T^  =  +2S°C 

dB 

Isolation  (Note  20) 

V„Ef  B  to  OUT  A: 

VpBF  B  =  20Vp.p  Si'newave 

i  OCUb 

®f  =  100kHz  ■ 

V„efA  =  OV.                                           ,:r.;.  I-. 

Tf,  =  +25"'C 

For  Code  Transition  From  00000000  to  1 1 1 1 1 1 11 . 

Digital  Crosstalk                       .     Q  .  . 

Tf,  =  +2S'C        '      '    '  ^ 

30            ^  -  . 

'  nVs 

,VDE,i=+1^_                                 -  . 

60  — 

Haftndhl6  Distortion  THD 

V|N  =  6Vrms@f  =  1kHz. 

-T»=-+a5.°c 

-85 

dB 

NOTES: 

1.  Specifications  apply  to  both  DAG  A  and  DAC  B.  -  - 

2.  This  is  an  endpoint  linearity  specification. 

3/  All  grades  guaranteed  to  be  monotonic  over  the  full  operating 
.  tenrperature  range. 

4.  Measured  using  internal  Rfg  Aand  Rpe  B.  Both  DAC  latchM  loaded  with 
11111111.  Gain  error  is  adjustable  using  circuits  of  Figures  5  and  6. 

5.  DAC  loaded  with  00000000. 

6.  Input  resistance  TC  = +50ppm/°C;  typicaiinput  resistanea  5=  llkfl. 

7.  V|^,  =  OVorVDD.   

8.  For  ail  data  bits  DB0-DB7,  WR,  OS,  DAC  A/DAC  B. 

Logic  inputs«t»M©S.9B!».-Typioal  input  etmient  (+28''G)  Is  less  than 
InA. 

10.  '  G  uaranteed  and  not  tested. 


11.  See  timing  diagram.  ' 

12.  See  Figure  3. 

13.  These  characteristics  are  for  design  guidance  only  and  are  not  subject 

to  test. 

14.  AVdd  =  ±5%. 

15.  From  digital  input  to  90%  of  final  analog-output  current. 

16.  Vref  A_=  Vref  B  =  +10V;  OUT  A,  OUTB  l:©ad--»100n,  Cext  =  13pF. 
17  WR.  CS  =  OV.  DB0-DB7  =  OV  to  Vpo  or  Vqd  to  W 

18.  For  code  transition  00000000  to  11111111. 

19.  Vref  A.  V„EF  B  =  20Vp-p  Sinewave  @  f  =  100kHz.  7 

20.  Both  DAC  latches  loaded  with  11111111. 

21.  Idd  =  500nA  at  T;^  =  Full  Temp.  Range. 

22.  Extrapolated:  tj  (1  /2  LSB)  =  IpD +6.2r,  where  t— the  measured  first  time 
constant  of  the  final  RC  decay. 


.->^Mr.- 
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1.  ANAUMI  enOUND  (AGND) 

2.  OUTPUT  A  (OUT  A)        '  • 

3.  DAC  A  FEEDBACK  RESISnMI  (Rn*) 

4.  DAC  A  REFERENCE  INPUT  (Vg^FA) 

5.  DIGITAL  GROUND  (DGND) 

6.  DIGITAL  SELECTION  (DACA/OAC  B) 

7.  Dtmu.«umm^ji^tem  ^ 

a.  DionM.iilnjTDBs  >  w  xi>  • 

9i  DIGTDU.  INPUT  DBS  o 
KL  DIGITAL  INPUT  DB4 


11.  DIGITAL  INPUT  DBS 
■'■^  DIGITAL  INPUT  DB2  ' 
tj.  DIGITAL  INPUT  DBl  ^  , 

14.  DIGITAL  INPUT  DBO  (LSB)  ~' 

15.  CHIP  SELECT  (^) 

16.  WRITE  (WR) 

17.  POSITIVE  POWB  SUPPLY  (V|,b) 
W.  DAC  BREFEHENCE  INPUT  (I^HiA) 
m.  OACB  FEEDBACK  RESISTOR  (1^) 
20.  OUTPUTB(OUTB) 


DIE  SIZE  0.(186  X  0.092  inch,  7,192  iq.  mils 
(2.184  X  2.337  mm,  5.105  sq-noii) 


WAFER  TEST  LIMm  at  Vdd = + 5  V  or + 1 5  V,  Vref  A  =  Vref  B  =  +10V,  OUT-A  =  OUT  B  = 

OV;  Ta=25°C,  unless  Otherwise  noted. 

PARAMETER 

SYMBOL 

CONDITIONS 

PM-7528G 

LIMIT 

UNITS 

Relative  Accuracy 

Differential  Nonlinearity 

DNL 

±1 

LSB  MAX 

Gain  Error 

DAC  Latches  Loaded  with  11111111 

±2 

LSB  MAX 

Output  Leakage 

'lkg 

DAC  Latches  Loaded  with  00000000 

Pad  2  and  20                        .  ., 

±50 

nAMAX 

input  Resistance 

Pad  4  and  18 

8/16 

_ij  —1. 

KOMIN/ 

KOMAX 

 -.   

VrefA/VrefB  Input 
Resistance  Match 

±1 

%MAX 

Digital  Input 
High 

V,H 

Vdd  =  5V 
Vdd  =  15V 

2.4 
13.5 

Vmin 

Digital  input 
Low 

V|L 

Vdd  ■=  5V 
Vbb  =  WW 

O.S 
1.5 

Input  Currant 

)|N 

V„  =  OVorVbo 

±1 

(/A  MAX 

Supply  Current 

'dd 

Ml  d^W  Inputs  V,NL  O'  V|NH 

All  Digm  Inputs  OV  or  Vqo 

1 

0.1 

mA  M/U( 

DC  Supply  Rejection 
(AGain/AVoD) 

PSRR 

=  ±5% 

0.02 

')(i/%MAX 

NOTE: 

aectrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  t  n  assembly  ir^hods  and  normal  yield  loss,  y  i^d  after  packaging  is  not  guaranteed  for 
standard  product  dice.  Consult  factory  to  negotiate  ^sroiflcations  based  on  dic»  lot  qualificatton  through  sample  lot  assembly  and  testing. 

tYPICAL  ELECTRtGAt  C^A^ACTH^^I^  at  Vdd  =      or  H^tSV.  Vref  A  =  Vrep  B 
unless  otherwise  noted.  (Note  13) 

=  +10V,OUTA  =  OUTB 

=  0V:Ta  =  25''C, 

MRAMETER 

SYMBOL 

PM-7S28G 
TVnCM. 

UNITS 

Digital  Input  Capacitance 

e 

PF 

Output  Capacitance 

DAC  Latches  Loaded  with  00000000 

22 
22 

PF 

CqutA 

DAC  Latches  Loaded  with  1 1 1 1 1 1 1 1 

40 
40 

pF 

Propagation  Delay 
(Notes  15, 16. 17) 

tpD 

Vdd  =  15V 
Vdd  =  5V 

70 
150 

ns 
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TYPICAL  PERPOHIMANCE  eMftflAeTEIiiSTICS 


TOTAL  UNADJUSTED  ERROR 
vs  DIGITAL  INPUT 


'  DA 

:;  A  

FOR  THIS 
-TRACKS W 
□AC  A  ANC 

YPICAL  UN 
THIN0;1%E 
DAC  B 

T  LINEARIT 
ETWEEN 

Y 

DA 

C  B        ■  : 

>:      RELATIVE  ACCURACY 
vs  REFERENCE  VOLTAGE 


D=1 

-  25° 

5V 
C 

MA> 

IMU 

1  PO 

ITIV 

E  ER 

lOR 

z 

% 

IMU^ 

NEGATIVE  E 

ROR 

AT 
Dl 
TH 

EACH  REFERENCE  VOLTAGE,  ALL 
3ITAL  CODES  WERE  TESTED,  THEN 
£  MAXIMUM  ERROR  IS  PLOTTED  HERE 



''Or<      FULL-SCALE  GAINfiHilWR 
vs  TEMPERATURE 

0.10 


-6  -2    0  .  n2     4  ftf, 

REFERENCE  VOLTAGE  (VOLTS) 


-IS    -W'    -«      0      ^      M  TBr.itiOO 


OUTPUT 
LEAKAGE  CURRENT 

vs  TEMPERATURE 


GAIN  AND  PHASE  SHIFT 

vs  F  REQUENCY 
WITH  RESISTIVE  LOAD 
AND  OP-01  AMPLIFIER 


3  -10 


-75    -50    -25     0      25      SO     75     100  125 
TEMPERATURE  (°C} 


I  ^  T*-25°l 


FEEDTHROUGH  vs 
FREQUENCY 


FREQUENCY  (Hi) 


look 
EREQUENCY  IHz} 


GAIN  (Vout/VrefIN) 
vs  FREQUENCY 


ALL  BITS  ON 


TEST  CIRCUIT 
FOR  GAIN  vs  FREQUENCY 


-24 
-48 
-72 

DB6  0N 

D^5  \^ 

DBI  ON 

DBS  ON 

n 

ALL  i 

ITS 

)F 

''Jiff 

-96 

-m 

FREQUENCY  (kHz) 


BEV.  A 


PM-7528  - 

TYPICAL  PERFORMANCE  CHARACTERISTICS 
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PARAMETER  DEFINITIONS 

RELATIVE  ACCURACY 

Relative  accuracy,  orendpoint  nonlinearity,  is  a  measure  of  the 
maximum  deviation  from  a  straight  line  passing  through  the 
endpoints  of  the  DAC  transfer  function.  It  is  measured  after 
adjusting  for  zero  and  full  scale,  and  is  normally  expressed  in 
LSB's  Qr  as  a  percentage  of  full  scale  reading. 

[ffltPERENTIALNONUN^ITV  ' 

^rerttlifl  ndMih^fiy  ^    (fitti^Beteitween  the 
change  and  the  ideal  1  LSB  change  between  arty  two' adjacent 
eodes.  A  specified  diffensntalnonlinearity-of^lliSB  rnaximtnrl 
over  the  operating  temperature  range  ensures  monotonicity. 

GAIN  ERROR 

Gain  error,  or  full-scale  error,  is  a  measure  of  the  output  error 
between  an  ideal  DAC  and  the  actual  device  output.  The  ideal 
full-scale  output  is  Vref  minus  1  LSB.  Gain  error  of  both  DAC's 
in  the  PM-7528  is  adjustable  to  zero  with  external  resistance. 

OUTPUT  CAmCITANCE 

Capacitance  from  OUT  A  or  OUT  B  to  AGND. 

DIGITAL  CHARGE  INJECTION 

The  amount  of  charge  Injected  from  the  distal  Inputs  to  the 
analog  output  when  the  inputs  change  states.  This  is  normally 
specified  as  the  area  of  the  glitch  in  either  pAsecs  or  nVsecs, 
depending  upon  whether  the  glitch  is  measured  as  a  current  or 
voltage  signal.  Digital  chargelnjectlonlstneaiured  with  Vref  A, 
VrefB  =  AGND. 

PROPAGATION  DELAY 

This  is  a  measure  of  the  internal  delays  of  the  circuit.  It  is 
defined  as  the  time  from  a  digital  input  change  to  the  analog 
output  current  reaching  90%  of  its  final  value. 

"i'J?Hir.  'A:  v<i,-?i;,'- 

GHANNEL-TO-CHANNEL  ISOLATION^   

The  portion  of  input  signal  from  one  DACs  reference  input: 
which  appear  at  the-output  , of  the  other  DACr-wcprngy^  as' 
a  ratio  in  dB.  I  •>"- 

DIGITAL  CROSSTALK 

The  glitch  energy  transferred  to  the  output  of  one  converter, 
due  to  a  change  in  digital  Input  code  to  the  otlier  converter, 
specified  In  nVsec.  (  i 


AC  FEEOTHROUGH 

AC  signal  due  to  capacitive  coupling  from  Vref  to  output  Witt! 
all  switches  "off." 

INTERFACE  LOGIC  INFORMATION 

DAC  SELECTION 

Both  DAC  latches  share  a  common  8-bit  input  port.  The  control 
input  DAC  A/DAC  B  selects  which  DAC  can  accept  data  from 
the  input  port. 

MOPE  SELECTION  ,•  o. 

The  inputs  OS  and  WR  control  the  operating  mode  of  the 

selected  DAC.  ^MdA»SMeis«tMlilble4Mll«m''<^  :t  ih.  ^ 

WRITEMODE  

When  CS  and  WR  are  both  low.  the  selected  DAC  is  in  the  write 
mode.  The  input  data  latches  of  the  selected  DAC  are  trans- 
parent and  its  analog  output  responds  to  the  data  on  the  data  bit 
lines  DB0-DB7. 

HOLD  MODE 

The  selected  DAC  latch  retains  the  data  which  was  present  on 
the  data  lines  just  prior  to  CSor  WRassuming  a  high  state.  Both 
analog  outputs  remain  at  the  vaitWu  egrcappgnding  tct  the  da^ 
in  their  respective  latches.  j 

MODE  SELECTION  TABLE 


DAC  A/DAC  B 

CS 

WR 

DAC  A 

DACB 

L 

L 

L 

WRITE 

HOLD 

H 

L 

L 

HOLD 

WHITE 

X 

H 

X 

HOLD 

HOLD 

X 

X 

H 

HOLD 

HOLD 

1.  r.  Uo!«  .State 

H  = 

High  State-, 

.  ,X^r  Don't  Qare 

CIRCUIT  INFORMATION— D/A  SECTION 

The  PM-7528  contains  two  identical  8-bit  multiplying  digital-to- 
analog  converters,  DAC  A  and  DAC  B.  Each  DAC  includes  a 
stable  thin-film  R-2R  resistor  ladder  and  eight  NMOS  current 
steering  switches.  Figure  1  shows  a  simplified  equivalent  circujt 


WRITE  CYCLE  TIMING  DIAGRAM 


DATA  IN  (DB0-DB7) 


DATA  IN  STABLE 


•Vdd 


NOTES: 

1.  ALL  IWUT  SIGNAL  R»|Mt^f^N^ 
TIMES  MEASURED  PtmH^W^'t^S^ 

VjjD  - +15V,    -  tf  -  40i». 

2.  TIMING  ME^ft^ENT  REFERENCE 
LE^tt 
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of  either  DAC.  The  inverted  R-2R  ladder  takes  a  voltage  or 
current  reference  and  divides  it  in  a  binary  manner  among  the 
eight  "CWrent  sneering  switcShes.  The  nUmber  of  switch^ 
selected  to  the  output  (OUT)  add  their  oiMiits  to^^Jer 
forming  an  analog  output  current  representation  of  the  switch 
selection.  The  DAC  OUT  and  analog  ground  (AGND)  should  be 
maintained  at  the  same  voltage  for  proper  operation.  The 
internal  feedback  resistor  (Rfb)  has  a  normally  closed  switch  in 
series  as  shown  in  Figure  1.  This  switch  improves  linearity 
performance  over  temperature  and  power  supply  rejection; 
however  when  the  circuit  is  not  powered  up  the  switch  assumes 
an  open  state. 

FIGURE  1:  Simplified  functiiiM»l^»:uil,|sr  EMP  AAM  WC  B. 


EQUIVALENT  CIRCUIT  ANALYSIS 

The  equivalent  circuit  of  DAC  A  shown  in  Figure  2  is  similar  to 
DAC  B.  DAC  A  and  DAC  B  both  share  the  analog  ground  pin  1 
(AGND).  With  all  digital  inputs  high,  the  reference  current  flows 
to  OUT  A.  A  small  leakage  current  (Ileakage)  flows  across 
internal  junctions,  doubling  every  10°C.  The  R-2R  ladder 
termination  resistor  generates  a  constant  1/256current  which  is 
1  LSB  of  the  reference  current  (Iref)-  Cqut  is  the  parallel 
combination  of  the  NMOS  current  steering  switches.  The  value 
of 

Cqut  depends  on  the  number  of  switches  connected  to  the 
output.  The  range  of  Cqut  is  50pF  to  120pF  maximum.  The 
equivalent  output  resistance  Rq  varies  with  input  code  from 
0.8R  to  3R,  where  R  is  the  nominal  ladder  resistor  of  the  R-2R 
ladder. 

FIGURE  2:  PM-7528  DAC  A  equivalent  circuit.  All  digital  inputs 
high.  ; 


|C)  1/Z56  \C 

|M  OF  Fs  Iq- 
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'LEAKAGE  -f-^OUT 


CIRCUIT  INFORMATION-piGITAL  SECTION 

The  digital  inputs  provide  TTL  input  compatibility  (V|MH  =  2.4, 
Vml  -  0.8V)  when  the  PM-7528  operates  with  Vdd  of  +5V  The 
3igirairihpU&  effect  the  amount  of  quiescent  supply  current  as 
shown  In  Figure  3.  Peak  supply  current  occurs  as  the  digital 
input  (V|n)  passes  through  the  transition  voltage.  Maintaining 
the  digital  input  votti 
(Vdd  anci  DGNlSf  r 
When  operating  the  PM-7S2C^^pni}!,^$ifP%ilpgiQ  |lp.di8t^| 
inputs  are  driven  very  close  to,  the.supRly  Fails,  minimi^i;)^ 
power  consumption.  ., 

Digital  input  protection  from  electrostatic  discharge  and  electro^ 
static  buildup  occurs  in  the  input  network  shown  in  Figure  4. 


pesos'  close  as  possible  to  the  suppjiJis 
Mfes  'ffljpiilf  Mife'W  doftisJinptlfe 


HGURE  3:  Typical  plots  of  supply  current,  Iqd  vs.logic  input 


1  I 

=  25'C 
ALL  DIGITAL  INPUTS 

TIED 

TOGETh 

ER 

-Vdd  = 
rVDD  = 

sv 
ov 

-Vdd  = 

sv 

Vm  —  DIGITAL  INPUT  (V<MJB) 


BURN-IN  CIRCUIT 


-VvV- 

5kn 


17     i6~ll6    |14   tl3    ^^  1*" 


r 


tSMfninmwm  «m{iKOi"ffi<  socket. 


2r432  DIGITAL-TO-ANALOG  CONVERTERS 


REV.  A 


to  ^A- 


^  H 


i5: 


APPLICATIONS  INFORMATION 

The  most  common  application  of  this  DAC  is  voltage  output 
operation.  Unipolar  output  operation  provides  a  0  to  10  volt 
output  swiing  vifhen  connected,  as  shown  in  Figure  5.  The 
maximum  output  voltage  polarity  is  the  inverse  of  the  input 
reference  voltage,  since  the  op  amp  inverts  the  input  currents. 

The  transfer  equation  for  unipolar  operation  is  VouT  =  -Vin  ^ 
D/256,  where  D  is  the  decimal  value  of  the  data  bit  inputs  DBO 
thru  DB7  and  V|n  is  the  reference  input  voltage.  The  transfer 
equation  highlights  another  popular  application  of  CMOS 
DAC's,  multiplication.  The  output  voltage  is  the  product  of  the 
reference  voltage  and  the  digital  input  code.  The  reference 
input  voltage  can  be  any  value  in  the  ran^e  of  ±25  volts  for  both 


 ■  -  i       |>^v^  rrrr^. — ^.  

DCor  AC  signals.  The  circuit  in  Figure  5  performs  two-quadrant 
multiplication,  fable  1  provides  example  analog  outputs  for  the 
given  digital  input  codes. 

For  bipolar  output  operation  connect  the  PM-7528  as  shown  in 
Figure  6.  This  circuit  configuration  provides  an  offset  current, 
derived  from  the  reference,  to  enable  the  output  op  amp  to 
swing  in  both  polarities.  The  digital  input  coding  becomes 
offset  binary.  Table  2  provides  some  example  analog  outputs  for 
various  digital  inputs  (D).  The  transfer  equation  for  bipolar 
operation  is  Vqut  =  V|n  X  (D/128  -  1),  where  D  is  the  decimal 
value  of  the  data  bit  inputs  DBO  thru  DB7.  This  circuit  provides 
full  four-quadrant  multiplication  able  to  accept  both  polarities 
on  all  InpMlg  as  well  as  |hp-oifcuit-6tj>BMt»''"  I  y--  ,- 


FIGURE  &  Dual  DAC  UnipeAar  Binary  OpentHoai2.puadr8)UiMultiplicatlon).  See  Table  1. 


DATA 
INPUTS 
ID) 


DBO  14 


DAC  BO^ 


^      LATCH  DAC  A  ^^^"j 


^      LATCH  ^  DACB  ^ 


NOTES: 

^  fli.  R2  AND  R3,  R4  USED  ONLY  IF  GAIN  ADJUSTMENT  IS 

RECUJIRED.  SEE  TABLE  FOR  RECOMMENDED  VALUES. 

MAKE  GAIN  ADJUSTMENT  WITH  DIGITAL  IWUT  OF  2BS. 
'CI.  C2  PHASE  COMPENSATION  (lOpF-ISpF)  IS  REQUIRED 

WHEN  USING  HIGH  SPEED  AMPLIPIEHSTO  PReVGNT 

RINGING  OR  OSCILLATION. 


RECOMMENDED  TRIM  RESISTOR  VALUES  ui  GRADE 
TRIM  RESISTOR            HP/FR/8R  GP/ER/AR 
R1,  R3                      SOm  20IH1 
R2.R4  1SQO  Kta 
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■p^JUEa:,,B,i|sql#r  (Offs^fljpjiry)  CodeTaljIe.  See  FigureJ^ 


IMC  LATCH  CONTENTS 
MSB  LSB 

ANALOG  OUTPUT 
(OAC  A  or  OAC  B) 

DAC  LATCH  CONTENTS 
MSB  LSB 

ANALOG  OUTPUT 
(DAC  A  or  DAC  B) 

11111111 

-V|N 

/  255  V        t  ' 
\  256  } 

11111111 

+V|N 

\  128/ 

1000000  1 

1  t__ 

/129X 

v  256  ; 

♦        .     1  0  000001 

(lis) 

10000000 

-V|N 

/  128  \  _  V|N 
V  256  /  2 



.^100^9000 

0 

r  

01111111 

-V|N 

(^) 

-       -    -C-  ■  'i.  ■  ^:  

oil  11  1  1  1 

-V|N 

[  im) 

00000001 

-ViN 

00000001 

-V,N 

k  128/ 

 ooeooooo — 

V  256/ 

-00000001» 

(-) 
\  128/ 

««Te'1'ESB  =  (2-«)(V|fj)=^(V,fj) 


NOTE:  1  LSB  =  {2-')(V,^)  =  :f^(V,N) 


FIGURE  6:  Dual  DAC  Bipolar  Operation  (4  Quadrant  Multiplication).  See  Table  2. 


w.Jrta  -g 

^    ,1---        -r  .-      ••   --^  .J-  -,-. 


'iiqni  IsJifib  v;':  ,..«).;. .uioq  ''o^f^ 


t)AC  A/ 
DAC  B  O-^ 


 o 


^      LATCH  ^  DAC  A  - 


NOTES:  ^  L-  ^ 

^  R1.  R2  AND  R3,  R4  USED  ONLY  IF  GAllV  ADJUSTMENT  IS  REQUIRED. 

SEE  TABLE  IN  FIGURE  5  FOR  RECOMMENDED  VALUES. 

ADJUST  R1  FOR  VquT  *  =      WITH  CODE  10000000  IN  DAC  A  LATCH. 

ADJUST  R3  FOR  Vqxjj  8  =  OV  WITH  CODE  10000000  IN  DAC  6  LATCH. 
'  MATCHING  AND  TRACKING  IS  ESSENTIAL  FOR  RESISTOR  PAIRS 

R6,  R7  AND  R9,  RIO.    1  l 
*  C1.C2PHASECOIIilf>efiMTION(10[iF-sl8t#tM/CyBER^IREp 

IS  A  HIGH-SPEED  AIM*£II^IER.  ^  -t    .     .      ,  r 
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APPLICATION  HINTS 

To  ensure  system  performance  consistent  with  PM-7528  specifi- 
cations, careful  attention  must  be  given  to  the  following  points: 

1.  ^GENfeRAL  GROUND  MANAGEMENT:  AC  or  transient 

voltages  between  the  PM-7528  AGND  and  DGND  can 
cause  noise  injection  into  the  analog  output.  The  simplest 
method  of  ensuring  that  voltages  at  AGND  and  DGND  are 
equal,  is  to  tie  AGND  and  DGND  together  at  the  PM-7528. 
In  more  complex  systems  where  the  AGND-DGND  con- 
nection is  on  the  back-plane,  it  is  recommended  that  diodes 
(1N914  or  equivalent)  be  connected  in  inverse  parallel 
between  the  PM-7S28  AGND  and  DGND  pins. 

2.  OUTPUT  AMPLIFIER  OFFSET:  CMOS  DACs  exhibit  a 
code-dependent  output  resistance  which  in  turn  causes  a 
code-dependent  amplifier  noise  gain.  The  effect  is  a  code- 
dependent  differential  nonlinearity  term  at  the  amplifier 
output  with  a  maximum  magnitude  of  0.67  Vqs  (Vqs  is 
amplifierinput-offsetvoltage).  This  differential  nonlinearity 
term  adds  to  the  R/2R  differential  nonlinearity.  To  maintain 
monotonic  operation,  it  is  recommended  that  amplifier  Vqs 
be  no  greater  than  10%  of  1  LSBoverthe  temperature  range 
of  interest. 

3.  HIGH-FREQUENCY  CONSIDERATION^:  The  output 
capacitance  of  a  CMOS  DAC  works  In  conjunction  with  the 
amplifrer  f  eedt>ack  resistance  to  add  a  pole  to  the  open-loop 
response;  this  can  cause  ringing  or  oscillation.  Stability  can 
be  restored  by  adding  a  phase-compensation  capacitor  in 

he  feedt>acir  resistor.  


4.  DYNAMIC  PERFORMANCE:  The  dynamic  performance  of 
the  two  DACs  in  the  PM-7528  will  depend  upon  the  gain  and 

^phase  charac^risties  of JiE^utpitt 
the  optimum  choice  of  the  PC  board  layout  and  decoupling 

components. 

5.  CIRCUIT  LAYOUT  SUGGESTIONS:  Analog  and  digital 
ground  traces  should  be  routed  between  package  pins  to 
isolate  the  digital  inputs  from  the  analog  circuitry.  Analog 
ground  traces  should  also  be  placed  between  pins  17-18, 
18-19,  3-4,  4-5  to  minimtze  reference  feedthrough  to  the 
output  in  multiplying  applications.  A  power  supply  bypass 
capacitor  (0.1//F]te  reeemmended  across  Vqq  to  DGND. 

SINGLE5UPPLY  OPERATION,  VOLTAGE  SWITCHING 

With  thePM-7528  connected  in  the  voltage  switching  mode  of 
operation.  Figure  7,  only  one  power  supply  is  necessary.  There 
is  no  voltage  inversion  between  the  reference  inputpelarity  and 
Ihe  output  in  the  voltage  switching  mode. 

Two  characteristic  curves  in  the  typical  performance  character- 
istics section  were  generated  using  this  voltage  switching  mode 
of  operation.  The  first  graph,  linearity  error  versus  input 
reference  voltage,  shows  that  to  maintain  a  ±  1/2  LSB  maximum 
linearity  error,  VpEpshould  be  less  than  1.5  volts  for  Vdd  =  5  volts 
or  less  than  6  volts  for  Vqd  =  15  volts.  The  gain-phase  response 
graph  shows  a  dominant  pole  response  for  single  supply 
applications  where  the  reference  Input  is  an  AC  signal.  In  this 
application  the  reference  input  should  remain  between  1.5  volts 
and  ground  when  Vdd  =  S  volts.  Additionally  settling  time 
measures  400 to  500  nano  seconds  for  a  digital  input  change  of 
255  too  when  Voo  =  5V. 


The  output  terminal  in  the  voltage  switching  mode  has  a 
constant  output  resistance  (=  11 K  .0)  independent  of  the  digital 
input  code.  The  output  should  be  buffered  with  a  voltage 
f6llower*hi*'d«#iflglowlitipedan©if*B^^ 

W?§2»)ff Si%e Su|^?Wf1^**'C"2  «3mii>41 
SwifcfiTrig  Mode  "    -  ^ 


.  jLia«v_5! 


JT 


-OVbuT 


SINGLE  SUPPLY,  CURRENT  SWITCHING 

An  alternate  single-supply  operating  mode  of  the  PM-7528 
results  when  offsetting  the  analog  ground.  Figure  8  shows  the 
method  of  connection.  The  advantage  of  this  connection 
metticfd  is  ttre  ability  to  set  the  output  voltage  swing  in  the 
center  of  the  supply  voiUy|e.  This  allows  use  of  lower  cost  op 
amps  that  would  not  work  in  single-supply  voltage^witching  ; 
'applications.'       —    —  ■ —  -  —  — 

The  transfer  equation  in  this  mode  of  operation  igj .    -.jy  ,« . 

Vout(D)  =  p/256  (AGND  -  Vref)  +  AGNI^;,,; ,  ;„  .,0:.-:  < 
w7iereDTslHe"wh'6le'"nufHBerbmfflyrapai~~~  "    '  ~"  1 

A  popular  connection  in  the  current-steering  single-supply 
mode  conebts  of «  2.5  voft  reference  connected  to  AGND,  the 
Vref  Input^Srounded,  Vdo connected  to  5  volts  and  the  external 
(V+)  op  amp  tied  to  12  volts.  Thjs-tiooicup  results  in  the 
following  transfer  equation; 

Vout(D)  =  2.5  (1  +  D/256) 

where  Vqut  (255)  =  2.5  (1  +  255/256)  =SV 

Vout(0)  =  2.5V  \_J-  i 

To  maintain  best  linearity  keepAGNDec|ual  toof  lessthan  2.5 
volts  when  Voo  is  5  volts. 


[.  njs-nsoKup  resi 

.  A^-   . 


FIGURE  8:  PM-7528  in  Single  Supply,  Current^Steering  Mode 


Vhef  PM.7S2S  OUT 
AGND 
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PROGRAMMABLE  WINDOW  COMPARATOR 

A  programmable  window-comparator  in  Figure  9  will  determine 
if  voltage  inputs  applied  to  the  OAC  feedback  resistors  are 
within  limits  prograpined>HitQ4t\9  ,PM'?752g,«la$a, 


input  signal  range  depends  on  the  reference  and  polarity,  that  is 
the  test  input  range  is  0  to  minus  Vref-  The  A  and  B  data  latches 
are  programmed  with  the  upper  and  lower  test  limits.  A  signal 
within  the  prog  rammed  lirnits  will  drive  the  output  to  logic  high. 


FIGURE  9:  Digital^  Progr^^nipable  Window  CompartiterpjlU^per  and  Lower  Limit  Detector). 


i3- 

-m- 


DBO 
DB7 


*D0  ' 


fM-7S2^ 


MICROPROCeSSOR  INTERFACE  '  J*  ' 

FIGURE  10:  PM-7528  Dual  DAC 10  6800  CPU  Inteilace. 


VMA 
CPU 


.-.'0    Ti  10iJ>?.nn. 


if 


ADDRESS 
DECODE 
LOGIC 


^=0 


DAC  A/DAC  B 

CS 

DAC 

PH 

-7528" 

VfR 
DBO 

DAC 

DB7 

•ANALOG  CIRCUITRY  HAS  BEEN  CMV^SSWI^Si^SKR^' 
••A  =  DECODED  752B  ADDR  DAC  A 
A  +  1  <^  DECODED  7S28  ADOIt  DAC  B      ~  ' 


ADDRESS  BUS 


ADDRESS 
DECODE 
LOGIC 


>•  >■  DAC  A/DAC  B 

>— I       J°-^°-*"  "       [  DAC  a) 


PM-7528* 
I  DAC  B  ) 


ADDR /DATA  BUS 


'  ANALOG  CIRCUITRY  HAS  BEEN  OMITTED  FOR  CLARITY. 

A  =  DECODED  7528  ADDR  OAC  A 
AM-  DECODED  7528  ADDR  DAC  8 

NOTE: 

8085  INSTRUCTION  SHLD  (STORE  H  &  L  DIRECT)  CAN  UPDATE 
BOTH  OACS  WITH  DATA  FROM  H  AND  L  REGISTERS . 


REV.  A 
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DIGITALLY  CONTROLLED  SIGNAL  ATTENUATOR 

Figure  12  shows  the  PM-7528  configured  as  a  two-channel 
programmabie  attenuator.  Appiicatlons  include  stereo,  audio, 
and  telephone  signal-level  control  applications.  In  order  to 


FIGURE  12:  Digitally-Controlled  Dual  Telephone  Attenuator 


TABLE  4:  Attenuation  vs.  DAC  A,  DAC  B  Code  for  the  Circuit  of  Figure  12 


ATTN.  dB 

DAC  INPUT  CODE 

CODE  IN 
DECIMAL 

ATTN.dB 

DAC  INPUT  CODE 

CODE  IN 
DECIMAL 

0 

11111111 

255 

8.0 

0  1100110 

102 

0.5 

11110  0  10 

242 

85 

0  1100000 

96 

1.0 

11100100 

228 

9.0 

01011011 

91 

1.5 

110  10  111 

215 

9.5 

0  10  10  110 

86 

2.0 

11001011 

203 

10.0 

0  10  10001 

81 

2.6 

1 1 oooooo 

192 

10.5 

01001100 

76 

3.0 

10110101 

181 

11.0 

0  100  1000 

72 

3.5 

10101011 

171 

11.5 

0  1000  100 

68 

4.0 

1010  0  010 

162 

12.0 

0  1000000 

64 

4.5 

10011000 

152 

t2.S 

0  0111101 

61 

5.0 

100  10000 

144 

13.0 

0  01110  01 

57 

5.5 

1000  1000 

136 

13.5 

00110110 

54 

6.0 

10000000 

128 

14.0 

001  1  001  1 

51 

6.S 

01111001 

121 

14.5 

00110000 

48 

7.0 

0  1110010 

114 

15.0 

00101110 

46 

7.5 

01101100 

108 

15.5 

0  0101011 

43 

generate  logarithmic  att«n«tion,  Table4«iasgenBrated  based 
on  the  equation; 

/-Attenuation  (dB)\ 
Digital  Input  =  256  x:  exp  f  ^  ) 


REV.  A 


21-438  DIGITAUTaANAWaCONVERmBS' 


ANALOG 
DEVICES 


CMOS  Low  Cost 


10-^itMultifflyjngDAC 


AD7533 


FEATURES 

Lowest  Cost  10-Bit  DAC 
Low  Cost  AD7520  Replacement 
Unearity:  1/2, 1  or  2LSB        •     -  S- i  , 
Low  Power  Dissipation  I 
Full  Four-Quadrant  Multlplyin(('I^ACl^'':^  ' 
CMOS/TTL  Direct  Interface   .    '  .  '  i;  L' 
Latch  Fiee  (Protection  Schottky  Not  Raquirad) 
End-Pbint  Linearity 

APPLICATIONS 

Digitally  Controlled  Attenuators 
Programmable  Gain  Amp 
Function  Generation 

Linear  Automatic  Gain  Controi  '-i^n '  <  . 


FUNCTIONAL  BLOCK  DIAGRAM 


Vref 


(HSNESAL  DESCRIPTION     .<  >l  •  ,  -  ' 
The  AD7S33  is  a  low  cost  lO-bit  4-qu8diant  mnltiplying  DAC  '  ' 
manu&ctuied  using  an  advanced  .t|^'^i^-^iA^^  ' '  ^  r 

wafer  £iil»icatioa  prooess.'  j  '--i-ri.AS'.-r 

Pin  and  function  equivalent  to  the  industiy  standard  AD7S20, 
the  AD7S33  is  recommended  as  a  lower  cost  alternative  for  old 
AD7520  sockets  or  new  10-bit  DAC  designs. 

AD7533  application  flexibility  is  demonstrated  by  its  ability  to 
interface  to  TTL  or  CMOS,  operate  on  +  5V  to  +  15V  power, 
and  provide  proper  binary  scaling  for  reference  inputs  of  either 
positive  or  si^pita^tadaAi^o '        "  ' 


DIGITAL  INPUTS  (DTL/TTL/CMOS  COMPATIBLE! 

Logic:  A  switch  is  closed  to  louri  for  its  di^Ual  im>uyn  a 
"HIGH"  state,    j  ,.a^^^u^:_  '^ 

•      r,  ..if^OlkRING  GUIDE' 


-rj'-lltl.^il  1 

Nonlinearity 

Package 

Modei^ 

(%FSRmaz) 

Option^ 

AD7533JN 

-40.°Gto+85°C 

±0.2 

N-16 

AD7533KN 

-40°Cto+85'>C 

±0.1 

N-16 

AD7S33LN 

,-4^0°Cto-^85°C 

±0.05 

N-16 

AD7533JP 

-40°Cto-^85X 

±0.2 

P-20A 

AD7533KP 

-40°Cto+85°C 

±0.1 

P-20A 

AD7533LP 

-40°Cto  +85°C 

±0.05 

P-20A 

AD7533JR 

-40°Cto+85°C 

±0.2 

R-16 

AD7533KR 

-40°Cto+85°C 

±0.1 

R-16 

AD7533LR 

-40°Cto  +85°C 

±0.05 

R-16 

AD7533AQ 

-40°Cto+85°C 

±0.2 

Q-16 

AD7533BQ 

-40°Cto+85°C 

±0.1 

Q-16 

AD7533CQ 

-40°Cto  +85°C 

±0.05 

Q-16 

AD7533SQ 

-55°Cto  +  125°C 

±0.2 

Q-16 

AD7533TQ 

-55°Cto  +  125°C 

±0.1 

Q-16 

AD7533UQ 

-55°Cto  +  125°C 

±0.05 

Q-16 

AD7533SE 

-55°Cto  +  125°C 

±0.2 

E-20A 

AD7533TE 

-55°Cto  +  125X 

±0.1 

E-20A 

AD7533U^  ^ 

±0.05 

E-20A 

NOTES  ■  - 

'Analog  Devices  reserves  the  right  to  ship  ceramic  Cpackage  outline  D-16) 

padcages  in  lieu  of  cerdip  (package  outline  Q-16)  packages. 
^oorderMIL-STD-883,ClassBprocessedparts,  add /Ht3B  to  pan  number. 

Contact  your  local  sales  office  for  military  data  sheet. 

=  Leadless  Ceramic  Chip  Carrie-;  N  ^  PhMicDIP;P  =  nastic 

Leaded  Chip  Carrier;  Q  =  Cerdip;R  =  SOIC.  Foroutlraeinfonnationsee 

Package  Information  section. 
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AD7533-SPECIFICATI0NS  (Vpo  =  +15V,  Vjui,  =  Vouj2  =  OV;  V|,£f  =  +10V  unless  otherwise  noted) 


Parameter 

Ta=25»C 

Ta = Operating  Range 

TcatConJtions 

STATIC  ACCURAiGY 

Resolution 

Relative  Accuracy' 
AD7533J,  A,  S  Versions 
AD7533K,B,T  Versions 
AD7533L,  C,  U  Versions 

GainError^'^ 

Supply  Rejection* 
AGain/AVoD 

Output  Leakage  Current 

^OUTl  .^M 
IotJT2 

10  Bits 

±0.2%FSRmax 
±0.1%FSRmax 
±0.93%FSRmax 
±1.4%FSmax 

-L-  J  UI J/l  lIlaA 

±  SOnA  max 

10  Bits 

±0.2%FSRmax 
±0.1%FSRmax 
±  0.05%  FSR  max 
±l.S%FSinaz 

0.008%/% 

+  ?nfln  A  mav 

±  200nA  max 

Digital  Inputs = Vn^H 

DigitalInputs=Vgiii^y^^^,^^  -t-  qV 

T^iOTtal  Tnniir*;  —  Vivn  ■  Vm-r-  =  -i-  1  OV 
i-'igiuii  i.ii|JULa  —  V  INLj  *  REP  —  ' 

Digital  Inputs  =  Vjnh;  Vref  =  ±  lOV 

DYNAMIC  ACCURACY 
Output  Current  Settling  Time 

Feed  through  Error 

600ns  max'* 
i:0.05%FSRmax5 

800ns' 

±0.1%FSRn)ax' 

To  0.05%  FSR;  Rload  =  100(1;  Digital 
Inputs  =  ViNH  to  ViNL  or  Vjnl  to  Vjnh 
Digital  Inputs  =  VnnJ  Vref  =  ±  lOV, 
lOOkHzanewave. 

KEPESSSCMWSSM:, '    :  .     '  < 
Input  Reriiilatice  CKa  IS) 

ANALOG  OUtfWS" 
Output  Capadnnee 

CoUTl 
CoCT2 

CoUTl                           '  '  ' 
CoUT2 

acClmiii,2fflEOiiux 

lOOpFnux' 
SSpFmax* 

35pFmax' 
lOOpFmax' 

SkOminjaOkOnuz* 

lOOpFmaz' 
3SpFmax' 

35pFmax'     '       .  ■ 
lOOpFmax' 

Digital  Inputs =ViNH  ' 
'1%MlaputS=ViKi.  • 

DIGITAL  INPUTS 
Input  High  Voltage 

ViNH 

Input  Low  Voltage 

VlNl, 

Input  Leakage  Current 

IlN 

Input  Capacitance 

j-i^ti-ji  j  

•^P;in«i^  ^ 

2.4V  min 

±l|iAinmt 
SpFmaz' 

.  '■      4  ,1', 

VDf=OVandVDD 

POWER  REQUIREMENTS 

Vdd  1 
Vdd  Range' 

Idd 

+  15V  ±  10% 
+  5Vto  +  16V 
2mA  max 

+  15V  ±  10% 

+  5Vto  +  16V 
2mA  max 

Rated  Accuracy 

Functionality  with  Degraded  Performance 
Digital  Inputs  =  Vinl  or  Vmh 

NOTES 

■■TSR"  is  IMI-Scak  Range. 

»FuU  Scale  (FS)  =  (Vref) 

'Max  gain  change  from  Ta  =  +  25°C  to  or  is  ±  0. 1%  FSR. 
*AC  pamneter,  sample  tested  to  ensuie  specification  compliance. 

•^>S^^^£iim«f«w<^rViiti>^  -3il)0ppm/°C. 
^edficatigmsiiiqectiechinaeiridisiiiDotiee. 


-X  7-K'l.  i-  rr     ,1  i.j  i  .  .  ■    '  ..1!-  ■ 
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ABSOLUTE ^MiUHMUMIMrTINGS*! 

(Ta  = +25°C  unless  otherwise  noted) 

VoDtoGND  -0.3V,  +17V 

RpBtoGND   ±25V 

VrefIoGND  ±25V 

Digital  Input  Voltage  Range    -0.3V  to  Vdd  +  0.3V 

OUT  1,  OUT  2  to  GND  .   -0.3V  to  Vdd  +0.3V 

Power  Dissipation  (  Any  Package) 

To  +75°C   450niW 

Derates  above +75°C  by  6mW/°C 


Operating  Temperature  Range 

Commercial  (J,  K,  L  Versions)   -40°C  to  +85°C 

Industrial  (A,  B,  C  Versions   -40°C  to  +  SS'C 

Extended  (S,  T,  U  Versions)  -  55°C  to  +  125°C 

Storage  Temperature  -65°C  to  +  150°C 

Lead  Temperature  (Soldering,  lOsec)   +  300°C 

^Stresses  above  those  listed  under  "Absolute  Maximum  Ratings*'  may 
cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and 
functional  operation  of  the  device  at  these  or  any  other  conditions  above 
those  indicated  in  the  operational  sect^ns  of  this,  petrification  is  not 
implied.  Exposure  to  absdijte  iDvuiqmi|i^i||^gg^i;^ticins  for  ejii^ded 
periods  may  affect  device  reliability. 


ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protect- 
ed; however,  permanoit  danuge  may  occur  on  unconnected  devices  subject  to  hi^  energy 
dectrostatic  fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective 
foam  ^eold  bi^discharged  to  the  destination  socket  before  devices  are  removed. 


WARNING 


ESD  SENSITIVE  DEVICE 


TERMINOLOGY 

RELATIVE  ACCURACY:  Relative  accuracy  or  end-point 
nonlinearity  is  a  measure  of  the  maTimum  deviation  from  a 
straight  line  passing  through  the  em^xnnts  of  the  DAC  transfer 
function.  It  is  measured  after  adjusting  for  ideal  zero  and  full 
icale  and  i*  eqiRaed  in  %  of  full-scale  lanae  or  (sub)  moltqdes 
of  ILSB. 

RESOLUTION:  Value  of  the  LSB.  For  example,  a  unipolar 
converter  with  n  bits  has  a  resolution  of  (2~°)  (Vkef)-  A  bipolar 
converter  of  n  bits  has  a  resolution  fo  [2~^~    Cfimi'  Rexdttfion 
in  no  way  implies  linearity. 


GAIN  ERROR:  Gain  error  is  a  measure  of  the  output  error 
between  an  ideal  DAC  and  the  actual  device  output.  It  is  measured 
with  all  Is  in  the  DAC  after  offset  error  h»       jdjusl^  out 
and  is  expressed  in  Least  Significant  Bits.  Giin  one  il  ai^nidde 
to  zero  with  an  external  potentiometer. 

FEEDTHSOlIG9,Pi^U>R:  Emn  caused  by  capadtive  coupling 
finim  Vimp  to  <m^dt  widi  w  cmt^^ 

OUTPUT  CAFACITAKCE:  Capadtqr  iiM  IboTi  iH^taun 
terminals  to  ground. 


SETTLING  TIME:  Time  required  for  the  output  function  of 
the  DAC  to  settle  to  vrithin  1/2LSB  for  a  given  distal  input 
stimulus,  i.e.,  0  to  Full  Scde. 


OUTPUT  LEAKAGE  CURRENT:  Current  which  appears  on 
louTi  terminal  with  all  digital  iapats  LOW  ctrtlfir  lotini 
when  all  inputs  are  HIGH.  . .  i.-  ■ 


VW  CONFIGURATIONS 
DIP;SC^C 


UXC 


PLCC 


OUTl  ^  • 

3  "f» 

otm  ^ 

GND  ^ 

m]  Vdd 

err  i  (msbi  (T  /jd. 

533        ]i]       1"  ILSBI 

RiT  •?  rr     TOP  \ 

^  LL      (Not  lo 

BIT  3  ^ 

TTI  BIT  8 

BIT  4  ^ 

Jo]  BIT  7 

BIT  5  ^ 

T]  erre 

9  10  11  12  13 
V    m    U  V 

NC  =  MOCONNECT    S    &         ^    &  . 


/ 

18  Vk, 

1MD  ^ 

17  BTTIOILSB) 

BTTI  (MSB)  ^ 

16  NC 

NC  ^ 

15  BITS 

BIT2  ^ 

14  MTB 

BTTS  ^ 

§  §  S  J   >'  i-' 

mmmisiisi 


LilHMLiJLlil 

W     ul     U     tt  r« 


n[  HTioiun 

is]  NC 

is]  aira 
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AD7533 


CIRCinT  DESdUPliON 

GENERAL  CIRCUIT  INFCMtMATION 

The  AD7533,  a  10-bit  muitiplying  D/A  converter,  consists  of  a 
highly  stable  thin  fihn  R-2R  ladder  and  ten  CMOS  current 
switches  on  a  monolithic  chip.  Most  applications  require  the 
addition  of  only  an  output  jyqa^wniji  wnplpigja^  or 
current  reference. 

The  simplified  D/A  circuit  is  shown  in  Figure  1.  An  inverted  R- 
2R  ladder  structure  is  used  -  that  is,  the  binarily  weighted 
currents  are  switched  between  the  louri  and  Iout2  bus  lines, 
thus  maintaining  a  constant  ctuient  in  each  ladder  1^  independent 
ofdiesirildiilate. 


CouTi 

lOk 

•W*— O  ^FEEDBACK 


BITIO(LSB) 

DIGITAL  INPUTS  (OTLmL/CMOS  CpMTATieLE) 


misMiisutm  QftcuTT  analysis 

The  equivalent  drcuits  for  all  digital  inputs  high  and  all  digital 
inputs  low  ate  shown  in  Figures  3  and  4.  In  I^pite  3  with  lU 
(^tal  inputs  low,  the  lefetence  ciuient  is  switched  to  loim- 
current  souice  iLEAKAQE  is  composed  of  snrftoe  and  jiinc- 

tion  leakages  to  the  substrate  while  the  -j^^  current  source 

represents  a  constant  1-bit  current  drain  through  the  termination 
resistor  on  the  R-2R  ladder.  The  "ON"  capacitance  of  the  output 
N  chaimel  switch  is  lOOpF,  as  shown  on  the  lourz  terminal. 
^4^FF"  snitch  a^acita&ce  is  3SpF,  as  shown  on  the  louri 
,  Analy^  of  tlie  circuit  for  all  digital  inputs  high,  as 
I  a  I^pue  4,  is  similar  to  Figure  3;  however,  the  "ON" 
I  ue  now  on  terminal  Iouti>  hence  the  lOOpF  at  that 


I  O  Rfeedi 
-i— OlouTl 


VbefO- 


J- 


-O<0UT2 


One  9^..^  {CMOS  current  switches  is  shown  in  Figure  2.  The  . 
geometnes  of  devices  1,  2  and  3  are  optimized  to  make  the 
digital  control  inputs  DTL/TTL/CMOS  compatible  over  the  full 
military  temperature  range.  The  input  stage  drives  two  inverten 
(devices  4,  5,  6  and  7)  which  in  turn  drive  the  two  output  N 
channels.  The  "ON"  resistances  of  the  switches  are  binarily 
sealed  so  the  voltage  drop  across  each  switch  is  the  same.  For 
example,  switch  1  of  Figure  2  was  designed  for  an  "ON"  resistance 
of  20fl,  switch  2  for  40fl,  and  so  on.  For  a  lOV  reference  input, 
the  current  through  switch  1  is  0.5mA,  the  current  through 
switch  2  is  0.2SniA,  and  so  on,  thus  maintaining  a  constant 
lOmV  drop  across  each  switch.  It  is  essential  that  each  switch 
voltage  drop  be  equal  if  the  binarily  weighted  cnrrent  (Uviskm 
ptupeity  of  the  ladder  is  to  be  maintained. 


H^h  HE -HE- 


Figun  3.  AD7S33  Equivalent  Grcuit  - 


All  Digital  Inputs  ■ 


■OUTI 


-Olouia 


Ptsnm*-  Equhfalent  t0lfeuit -  All  Di^il  If^uia 


DTUTTU 
CMOS  - 
INPUT  -r 


Bgure2.  CMOS  Switch 
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AD7S33 


OFERATION 

in«POLAR  BINARY  OPERATION 
(2-QUADRANT  MULTIPLICATION) 


UPOLAR  OngRAim)N 
(4^UADRANT  MULTIPLICATION) 


DIGITAL  INPUT 
MSB  LSB 

ANALOG  OUTPUT 
(Vqut  as  shown  in  Figure  5) 

11  1  1!  11  111  " 

•x^    /'1023\  ><r~ 

1000000001 

-Vref(^) 

1000000000 
0  111111111 

V     /512\  Vref 
-VREF^1024j  2" 

-Vi,ef(^) 

0000000001 

,;.\-Vref(^) 

0  00O00«itt«O 

-'Vref(t|4)=«  ..^^ 

i  1"-'  _^ 

DIGITAL  INPUT 
MSB  LSB 


ri  1  1  11  1  lrli*-< 

 ..  Si' J 

10  0  0  0  0  0  0  0  1 
1000000000 
0  111111111 
000000000  1 
li)0«  0000000 


ANALOG  OUTPUT 
(VouT  as  shown  in  Figure  6) 


VRBF(f|5) 
Vref(5I2) 


-Vref(5|2) 


NOTE: 

1.  NomimlLSBmagidniiftf;M;]^^icidtof  { 

Figme  S  itgivai  bjr  LSB = VuF 


•  ,NOTE 
,  i-  L— .    - 't  j^' j^ig^iiiul  LSB  magmtudefor  the  circuit  of 


Tablel.  Unipolar  Binary  Co<^  Table  '■■<-■<> 


Table  II.  Bipolar  (Offset  Blnaryt  Code  Table 


BIPOLAR  ANALOG  INPUT 


BIPOLAR 
ANALOG 
INPUT 


UNIPOLAR  j 


AD7533  V.^  >-*-<>« 


BIPOLAR?  ' 

oraTALii^ 


4'  330  R4  > 

1  I  — I  "'T  5^ 

\   ijS^i^  J 

GNOV 


NOTES: 

1.  RI  ANO  R2  USED  ONLY  IF  GAIN  ADJUSTMENT  IS  REQUIRED. 

2.  CI  PHASE  COMPENSATION  IS  -  ISpFI  MAY  BE  REQUIRED  WHEN 
USING  HIGH  SPEED  AMPLIFIER 


Figure  5.  Unipolar  Binary  Operation  (2-Quadrant 
/Multiplication} 


NOTES 

1.  R3,  n4  ANO  RS  SELECTED  FOR  MATCHING  AND  TRACKING. 

2.  R1,R2USED0NLYIFGAIN  ADJUSTMENT  IS  REQUIRED. 

3.  CIPHASECOKIPENSAnONIS-tSlinMAYaEIIEaUIRHMNHEN 


Figure  6.  Bipolar  Operation  (4-Qim^tM^  Multlplu:a&>nt 
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APHJCATICmS 


lO-BIT  AND  SIGN  MULTIPLYING  DAC 


tiov 

BIPOLAR 
ANALOG  INPUT 


MAGNITUDEl 

-  —  r  BITS  I 


SHWBIT 


f.  "  r  "C.  ,■•  ■  • .  . 

PROGRAMMABLE  FUNCTION  GENERATOR 


R  t  A  —  ^     I  ~ 


4.7k 


Rt-ltMl 
0<N*tl-2*') 


DlVmm  (DIGITALLY  CONTROLLED  GAIN) 


MODIFIED  SCALE  FACTOR  AND  OFFSET 


I — 

USB  I  '_  '  I 


DHITALI 
INPUT  I 

-D-       1  , 


15  14 
AD7533 


.[(t^Xt^,)] 


p_  MT1   ^  B1T2  ^      BIT  10 

m^ETAIXy  BU)»AMMABL£  LIMT  DBIBCTOR 


TEST  INPUT 
Vhef     +15V  (OTO-VflEF) 


DIGITAL  ! 
INPUT  ' 

fTEVTUMrn!  im 


FAIL/PASS  TEST 
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FEATURES 

•  to-Bit  Resoluttoh 

•  Full  Four-Quadrant  Multiplication 

•  Nonlinearlty:  1/2  or  1  LSB 

•  TTL/CMOS  Compatible 

•  Improved  Gain  Error  and  Linearity  Error  from  +5y  to  -HSV 

•  Low  Power  Consumption 

•  Low  Feedtlirougli  Error 

•  Low  Cost 

•  AD7520  and  AD7533  Replacement 

•  Full  Temperature  Operation 

•  Improved  ESD  Protection 

•  Available  In  DIfFonn 


APPUCATIONS  Oivx; 

•  Digital/Synchro  Conversion  ' 

•  Programmable  Gain  Amplifiers 

•  Ratiometric  A/D  Conversion  ,  ^ 

•  Function  Generator  ^  ^j,^  'V  t 

•  CRT  Graphics  Generator 

•  Digitally-Controlled  Attenuator 

•  Digitally- Controlled  Power  Supplies 

•  Olgital  Filters 

•  Linear  Automatic  Gain  Control 


ORDERING  INFORMATION '  

 PACKAGE  

EXTENDED 

MIUTAnY*  INDUSTRIAL  COMMERCIAL 

THUPERATURE      TEMPERATURE  TEMPERATURE 
NONUNEARrrV       -5S'Cto-f125°C       -WC  to -fSSX  0'CtO4-70'C 
*0.05%(±1/2LSB)         PM7S33AO  PM7533EQ  PM7533GP 

±0  1%  (±1  LSB)  PM7533BQ  PM7533FQ 

»:0.1%(±1  LSB)  -  PM7533FP 

±0.1%  (±1  LSB)  -  PM7533FPC  -  

*    For  devices  processed  Inlotal  compliance  to  MIL-STD-683,  add/683  afterpart 

number.  Consult  factory  for  863  data  sheet, 
t    Bum-In  Is  available  Aft  (»miinrcial  and  industrial  tntipera^ 

CerOlP,.pUntlc  DIP,  and  Ta«an  paekaoas.  . 


CROSS  REFERENCE 


PMI 

ADI 

TEMPERATURE 
RANeE 

PM7S33AQ 
PM7533BQ 
PMTSSSBQ 

AD7533UD 
A07533TD 
AD7533SD 

MIL 

PM7533EO 
PM7S33FQ 
PMTaSFQ 

AD7533CD 
AD7533BD 
AD7533AD 

■NO 

PM7S33GP 
PM7K3FP 
^u  PM7S33FPe 

AD7533LN 
AD7533LN 

COM 

PH-7533 


GENpRi^JL  DESCRIPTION  ,  ^'c;,  ^  , 

the  PM-7533  is  a  10-blt  4-quaclrant  muMplyiiis,  DAG,  It  Is 
mamrfa@Ute(l.iising  thin,  film  on  an  oxid^ri^tsiad,  sUieon- 
g&tm  moooittbic  CMOS  waferfabrieation  pi-ocess.  C^Ml's 
a£l«aiu3sd.tliin-f!lm..resi$tor  processing  pr^ides  trite  lO.-bIt 
Itnearity  and  excellent  long-term  stabiKty  without  iaser 
trimming. 

The  PM-7533  is  pin  and  function  equivalent  to  the  AD7520 
and  AD7533. 

The  PM!  PM-7533  applications  flexibility  allows  direct  inter- 
face to  TTL  or  CMOS  circuitry  and  operation  from  +5V  to 
+15V  power  supplies.  Output  scaling  is  provided  by  the  inter- 
nal feedback  resistor  and  an  external  op  amp;  both  positive 
and  negative  reference  voltages  can  be  accommodatefl. 

PIN  CONNECTIONS  ^  - 


■ —  •outftl 

'0UT2  [ij 

BIT  1  (MSB) 

BIT  2  [T 
BITS  [7 
BIT4  |T 
BITB^ 


3  "feeiSback  ■ 

gvji 

li|  BIT  10  (LSB) 
12]  BIT  9 
IT]  MT8 
10]  BIT7 
TJ  BITS 


16-PIN  EPOXY  DIP 

(P^ffbQ'  ' 

16HERMEn€ePIN! 
(Q-Suffix) 

16-PIN  SOL 
(S-Suffix) 


Sci  SI  g 
_P  z  cc  > 


/[3J[^LlJHH\ 

GND  7]  |l5  V| 

BIT  1  (MSB)  J] 

N.C.  J]  [«  N.C. 

BIT2  7]  [15  BIT  9 

BITS  T]  [m  BITS 


20-CONTACTLCC 
(RC-Sufflx) 
g  Brno  (MSB)    20-CONTACT  PLCC 
(PC-Suffix) 


FUNCTIONAL  DIAGRAM 


1— 

i         A  A 
'Wmuaimfti.-ij 


~      T  lokn  ° 
—I  L_y^^^^_on, 


o  I0UT2 
'OUTI 
'FEEOBtACK 


(SWTCHES  SHOWM  FOR  DIGITAL  INPUTS  "HIGH") 


•DD>  '   '  -o.av,+i/v 

Vp£p(toGND)  ..i   ±25V 

Rp„  (to  GND)  ^^^.^..„.p^  ±25V 

Digital  Input  Voltage  Range7...^y.»„^f_,^,,  -0.3  to  Vpp 

Output  Voltage  (Pin  1 ,  Pin  2)  '.  -0.3  to  V^^ 

Operating  Temperature  Range 

Military  (AO,  BQ  Versions)  -55°Cto+125''C 

Industrial  (EG,  FQ,  FP,  FPC)  -40°Cto  +85°C 

Commercial  (GP  Version)  O-Cto  +70''C 

Junction  Temperature  +169'G 

Storage  Temperature  -65°C  to  +1S^C 

Lead  Teinperatur»  (Sold«ring.  60  sa<^   +300°C 


t»#inl>laatlcDIP(P) 

76 

33 

20-Contact  LCC  (RC,  TC) 

88 

33 

•cm 

16-Pin  SOL  (S) 

92 

27 

"CflN 

20-Coniact  PLCC  (PC) 

73 

33 

-cm 

NOTE:  ^ 

1.  e|^isspedfied1tarwantcawinoiinIng  condMans,i«./iB^^ 

device  in  socket  br  CerOIP,  P-DIP,  and  LCC  packages;  eu  is  spedliad  tor 
device  soldered  to  primed  circuit  board  for  SOL  and  PLCC  packc^es. 
CAUTION: 

if  Do  fot  apply  voltages  higher  than  V^^  or  less  than  GNO  potiirtllal  Oil  aiqr 
tBnninalexceptVp^p(Pinl5)andRpg(Pin16).  '  ' 

2.  The  digital  control  inputs  are  zener  protected,  however,  permanent  dailiaoe 
may  occur  on  unconnected  units  from  high  energy  electrostatic  fields.  Ke^ 
units  in  conductive  foam  at  all  times  until  ready  to  use. 

3.  Use  proper  antl-sialiclwndling  procedures. 

4.  Absofute  Maximum  Raflngs  apply  to  tolti'iHiiiiaoetf  devldet  and  0K£. 
Snetaes  above  those  listed  under  Abaoluo  Maidmum  RaHnge  may  cause 
permanentdamage  10  the  device. 


ELECTRICAL  CHARACTERISTICS  at  V.p  =  +15V,  V^^p  =  +10V,  AGND  =  DGND  =  OV,  Vq^t,  =  V.^t,  =  OV,  .  -55°C  to 
+125°C  apply  for  PM-7533AO/BQ,  T^  i*  C  to  *85''C  apply  for  PM-7533EQ/FQ/FP/FPC/FS,  -  0»C  to  *70»G  a^  for  PKt 
7533GP,  unless  otherwise  noted.  ' 


PM-7533A/E/G 

PM-7533B/F/H 

PARAHETe^,  ' 

SYMBOL 

CONDITIONS 

MIN  TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

8TATICACCURACY 

Resolution 

N 

f 

10 

10 

;  Bits 

Relative  Accuracy 

INL 

- 

±0.05 

- 

±ai 

%  FSR 

f  Mntp  1 1 

(+1/2) 

Differential  Nonlinearity 

DNL 

1 

+  0.1 

+0.1 

%  FSR 

iNote  12) 

(±1) 

(±1) 

LSB 

.Gain  Error 

Ta  =  +25°C 

±1.4 
(+14) 

±1.4 
(±14) 

%  FS 
(LSB) 

.  (Notes  2, 3) 

GpsE 

If,  =  Full  Tem^.  Range 

±1.5 
(+15) 

+1.5 
(+15) 

%FS 
(LSB) 

Power  Supply  Rejection 

PSRR 

Ta  =  +25''C  ' 

0.005 

0.005 

%/* 

AGain/iVoD  {Note  4) 

Ta  =  Full  Temp.  Range 

0.008 

0.008 

Output  Leakage  Current 

T^  =  +25''C 

±50 

±50 

nA 

louTi  (Pin  1)  (Notes) 

Ilkoi  ,. 

T;^  =  Full  Temp.  Range 

±200 

±200 

Output  Leakage  Current 

'lKS2 

T^=+25"C 

±50 

±50 

nA 

louT2(Pin2)fltete7) 

T^=iFu!inSmp.  Range 

+200 

±280 

DTNAMC  ACCURACY 

Output  CiiTKnt, 

600 

600 

ns 

Settling  Time  (Notes  5,  8) 

ts 

Ta  =  Full  Temp.  Range 

800 

800 

|Feedthrough  Error 

FT 

-   ...t 

Ta=+25°C 

±0.05 

%Fsn 

1  (Notes  S,  10) 

Ta=  full  Tamp.  Rangs 

— ^ — gBt~,-  ■ 

tar 

±0.1 

iREFERENcenrnffv  '^j 

'  -1 

:>(' 

Reference  Input      I  [ 

Resistance 

 --^  =  

'  B,N 

1 

20 

Ot-Jr  -jj 

20 

(Pin  15)  (Note  11) 

r*-.-'v 

1    0..  C  - 

ANALOG  OUTPUTS 

-T  f ..  , 

Output  Capacitance 

(Notes) 

Cquti 

Digital  Inputs  =  Vhi^h 

too 

35 

220 
60 

pF  ■ 

Output  Capatftsnos 
(Notes) 

Digital  Inputs  =  V||^l 

60 
100 

120 
165 

PF 
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PM-7533 

ELECTRICAL  CHARACTERISTICS  at      -  +15V,  V^g^  =  +10V,  AGND  .  DGND  -  OV.  V^y^,  =  V^^^^  =         =  -SS'C  to 
+T25°C  apply  for  PM-7533AQ/BQ,     =  -40''C  to  +B5'C  apply  tor  PM-7533EQ/FQ/FP/FPC/FS,     -  0°C  to  +70''C  apply  for  PM- 
7533GP,  unless  otherwise  noted.  Continued  - 

PARAMETER 

SYMBOL 

conditions:  ' 

PM-7533A/E/G  PM-7533B/F 

MIN     TYP     max                MIN     TYP  MAX 

UNITS 

DIQITAL  INPUTS 

i 

Digital  Input  High 

V,NH 

2  4          —          —                     2.4          —  — 

V 

Digital  Input  Low 

V|NL 

0.8 

V 

input  Leakage 
Current 

>IN 

V|(,  =  OVandVDD 

—        —        ±1                   —        —  ±1 

Input  Capacitance 
(Note  5) 

—        -        10                  —        —  10 

pp' 

POWER  REOUIhifiliMTS 

Power  Supply  Voltage 

—        —      +1S±10%           —        —  +15+10% 

V 

Power  Supply 
Voltage  Range 

psn 

over  this  range 

+5        —      +16                  +5        —  +16 

V 

Supply  Current 

'do 

Digital  inputs  =  V|nl  or  V|nh 

—       -T       :  2  -  ■  ■■  :       _  ,    ^  .  .  2 

mA 

NOTES: 

1.  "FSR"  is  full-scale  range. 

2.  Full-scale  (FS)  = -(VpEp) 

/1023_\  ;  Digital 
\ 1024  / 

nputs  =  V|MH. 

J 

3.  Maximum  gain  change  from     =  +25''C  to       or  T^ax  is  ±0.1%  FSR. 

4.  Digital  inputs  =  V|nh.  ^do  =  +^^V  to  +17V. 
&.  Guaranteed  and  not  tested. 

6.  Digital  inputs  =  V|fyL. 

7.  Digital  inputs  =  Vi^n- 

8.  Settles  to  0.05%  FSR;  Rload=  10011;  digital  inputs  =  Vinh  to  V|nl  o""  ViN|_to 
W   

9.  AC  parameters  sample  tested  to  ensure  spec  compliance. 

10.  Digital  input  =  V,ml;  Vr^p  ^  20Vp-p.  f  =  100kHz  SInewave;  — 

11.  Absolute  temperature  coefficient  is  approximately +50ppm/°C. 
1Z  All  grades  guaranteed  monotonic. 


PM-7533 


DICE  CHARACTERISTICS 


CURRENT  OUTPUT  1 
CURRENT  OUTPUT  2 
GROUND 

DIGITAL  INPUT  BIT  1  (MOST  SIGNIFICANT  BIT) 
DIGITAL  INPUT  BIT  2 
DIGITAL  INPUT  BIT  3 
DIGITAL  INPUT  BIT  4 
DIGITAL  INPUT  BIT  5 
DIGITAL  INPUT  BIT  6 
DIGITAL  INPUT  BIT  7 
DIGITAL  INPUT  BIT  B 
DIGITAL  INPUT  BITS 

DIGITAL  INPUT  BIT  10  (LEAST  SIGNIFICANT  BIT) 
POSITIVE  POWER  SUPPLY  " 
REFERENCE  INPUT  VOLTAGE 
INTERNAL  FEEDBACK  RESISTOR 

DIE  SIZE  0.102  X  0.100  inch,  10,200  sq.  mils 
(2.591  X  2.540  mm,  6.58  sq.  mm) 


WAFER  TEST  LIMITS  at  Vdd  =  +15V,  Vref  =  +10V,  AGND  =  DGND^  Oy.  You,xi,.=  VQUTZ-r  OV,  Ta  =  +25°C,  unless  otherwise 
noted. 


PARAMETER 

SYMBOL  CONOiTiONS 

PM-7533G 
LIMIT 

UNITS 

STATIC  ACCURACY 

Resolution 

N 

10 

Bits  MIN 

Relative  Accuracy 
(Notes  1.2) 

INL 

±0.1 
(±1) 

Olfferentfal  Nonlinearity 
(Note  10) 

DNL 

±0.1 
(±1) 

Gain  Error 

(Notes  2,  3.  4) 

GfSE 

+1.4 
(*14) 

Power  Supply  Rejection 

AGam/AVpp  (Notes  2,  5.  6) 

PSR 

0.005 

«/«iMAX 

Output  Leakage  Current 
louTi  (Notes  2,  7) 

'lkqi 

+50 

nAMAX 

Output  Leakage  Current 
louT2  (Notes  2,  8) 

'lKQ2 

±60 

nAMAX 

REFERENCE  INPUT 

Reference  Input 
Resistance  (Notes  2,  9} 

5/20 

kn  MIN/MAX 

2-448  DIGITAL-TO-ANALOG  CONVERTERS 
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PM-7533 

WAFER  TEST  LIMITS  at  Vdd 

=  +15V,Vref  = 

+10V,AGND  =  DGND  = 

«fV:  MdiiV'?  ^  V6t)#^tV.  Tie^#^ai^<JtherWise 

noted.  (Continued) 

PM-7533G 

PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

UNITS 

DIGITAL  INPUTS 

Digital  Input  High 
(Note  2) 

V|NH 

2.4 

VMIN 

Digital  Input  Low 
(Note  2) 

V,NL 

0.8 

VMAX 

Input  Leakage  Current 
(Note  2) 

'in 

V,„  =  OVandVDo 

±1 

fiAMAX 

POWER  REQUIREMENTS 

Power  Supply  Voltage 

Vdd 

+15  ±10% 

Supply  Current  (Note  2) 

'dd 

Digital  Inputs  =  V^l  ^im 

2 

rn/|MAX 

NOTES: 

1.  "FSR"  is  full-scale  range. 

2.  DICE  final  electrical  tests  are:  relative  accuracy,  gain  error,  output. loak^e 
current,  V|mh.  V|nl.  PSR,  R.^JiNand  Ipp  at+aS'C. 

3.  Full-scale  (FS)=-(Vrpf)  r^^^  \  ;  Digitalinputs  =  Vipjo. 

\  1024/ 

4.  Maximum  gain  change  from  T;^  =  +25°C  to  Ti^hm  or  T^f^x  'S  ±0.1%  FSR. 


5.  Digital  inputs  =  Vi^h.  Vpo  =t>14V  to  +17V. 

6.  Guaranteed  and  not  tested. 

7.  Digital  inputs  =  Vi^l. 

8.  Digital  inputs  =  Vij^jh. 

9.  Absolute  temperature  coeffictent  Is  appFOXii 
10.  Guaranteed  monotonic. 


Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  var  ations  in  assembly  methods  and  normal  yield  loss,  yield  after 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly 


packaging  is  not 
and  testing. 


BURN-IN  CIRCUIT 


NOTES: 

1.  C1  -  C2  -  4.7mF  TAtUTALUM  BOV  EVERY  10th  DEVICE. 
Z  C3  -  04  -  O-Ol^F  CERAMIC  BOV  EVERY  10*  DEVICE. 


PM?7533  v: 

TYPIiPAL  PERFORjMANCE  QHABACTERLSTIQS 


RELATIVE  ACCURACY 
(NONL1NEARITY)  vs  Vref 


RELATIVE  ACCURACY 
(NONLINEARLTY)vs: 
DIGITAL  CODE 


GAIN  ERROR  vs 
SUPPLY  VOLTAGE 


Vref  ivoltsi 


2S6 

DIGITAL  CODE* (DECIMAL) 


2S6  ^2  768 

DIGITAL  CObE  (DECIMAL) 


Vqd  (VOLTS) 


Vrep  frequency 
response 

I  HIIIJII    I  I  11 


I  III 

Ta  ^  *25'C 
Voo-tlBV 
-VpEp-IOVPEAKAC 
DIGITAL  INPUT-  1111111111 

Rl  =  loon 


FREQUENCY  (Kim) 


LOGIC  INPUT  THRESHOLD 
VOLTAGE  vs 
SUPPLY  VOLTAGE  (Vdd) 
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DEFINITIONS 

RESOLUTION 

The  resolution  of  a  DAC  is  the  number  of  states  (2")  that  the 
full-scale  range  (FSR)  isdivided  (orresolved)  into,  where  n  is 
equal  to  the  number  of  bits.  Resolution  in  no  way  implies 
linearity. 

RELATIVE  ACCURACY 

Relative  accuracy  or  end-point  (nonlinearity)  is  a  measure  of 
the  maximum  deviation  from  a  straight  line  passing  through 
the  end-points  of  the  DAC  transfer  function.  It  is  measured 
after  adjusting  tor  ideal  zero  and  full-scale  and  is  expressecl 
in  %  or  ppm  of  full-scale  range  oY  (sob)  multiples  of  1  'C^,'" 

§|TTUN(3THV!.R,  .  . 

Time  required  for  t^ie  output  function  of  the  (JAG  to  settte  to 
within  1/2  LSB  fora  given  digital  input  stimulus,  i.e.,  zero  to 
full  scale. 

GAIN 

Ratio  of  the  DAC's  external  operational  amplifier  output 
voltage  to  the  Vref  input  voltage  when  using  the  DAC's 
internal  feedback  resistor. 

GAIN  ERROR 

Gain  error  or  full-scale  error  is  a  measure  of  the  output  error 
between  an  ideal  DAC  and  fhi  detual' aiiv/fe^feytiifff •'  ''''  '' 
FEEDTHROUGH  ERROR 

Error  caused'by  capac itive  couplinig  frortj  VRE^to  output  with 
all  switches  off! 

OUTPUT  CAPACITANCE      -     -       -        '  v 

Capacitance  from  lounarid  I  ouT2  terminals  to  ground. 
OUTPUT  LEAKAGE  CURRENT 

Current  which  appears  on  Iquti  terminal  with  all  digital 
inputs  low  or  on  louT2te™inal  when  all  inputs  are  high. 


piRCUIT  DESCRIPTION 

The  PM-7533  is  a  10-bit  multiplying  D/A  converter.  It  consists 
of  a  silicon-chrome  thin-film  R-2R  resistor  ladder  network 
and  ten  pairs  of  NMOS  current  steering  switches,  all  on  a 
monolithic  chip.  The  NIVIOS  current  steering  switches  are 
controlled  by  CMOS  inverters.  Most  applications  require  the 
addition  of  only  an  .o^atl^aramplifier  and  a  current  or 
voltage  reference.  '  "' 

FIGURE  2:  CMOS  Switch 


An  inverted  R-2R  ladder  network  in  a  simplified  D/A  con- 
verter circuit  is  shown  in  Figure  1 .  The  current  through  each 
ladder  leg  is  switched  between  Iquti  3rid  louT2  under  the 
control  of  the  digital  inputs.  This  allows  a  constant  current  to 
be  maintained  in  each  ladder  leg  regardless  of  the  digitaj- 
input  switch  states. 

The  design  incorporates  a  matching  MOS  transistor  in  series 
with  the  feedback  and  terminating  resistors.  These  MOS 
transistors,  shown  as  switches  in  Figure  1 ,  provide  improved 
gain  and  linearity  performance  over  the  operating  tempera- 
ture range.  The  resultingtypical  gain  temperature  coefficient 
is  2ppm/°C. 

FIGURE  1:  Simplified  DAC  Circuit 


20kn  >  20kn 


JOk« 


— O  louT2 

— o  Iquti 
f  fehsback 


DIGITAL  INPUTS  (DTL/TTL/CMOS  COMPATIBLE) 
(SWITCHES  SHOWN  FOR  DIGITAL  INPUTS  ^'HIGH") 


Figure  2  shows  one  of  ten  digital  input  CMOS  inverters 
driving  an  NMOS  switch.  The  size  of  devices  1,  2,  and  3  are 
optimized  to  make  the  digital  inputs  DTL/TTL/CMOS  com- 
patible over  the  full  military  temperature  range.  The  input 
stage  drives  the  two  inverters  (4,  5)  and  (6,  7),  which  drives 
the  two  NMOS  switches  (8  and  9).  The  switch  "ON"  resis- 
tances are  binarily-scaled  so  that  the  voltage  drop  across 
each  switch  is  the  same;  that  is,  switch  SI  in  Figure  1  (Sand  9 
of  Figure  2)  was  designed  for  an  "ON"  resistance  of  20  ohms, 
switch  S2for40  ohms,  etc.  With  a  10V  reference  input,  switch 
SI  current  is  0.5mA,  switch  S2  is  0.25mA,  etc.  This  will 
maintain  a  constant  lOmV  drop  across  each  switch.  It  is 
essential  that  each  switch  voltage  drop  be  equal  so  that  the 
D/A  converter  accuracy  is  maintained. 


HE  dhHE'  H 


DTL/TTL/CMOS 
INPUT 


^  TO  R-2R  RESISTOR  LADDER 


<>-y\V— 1— -|  ^2  L-|  ^5  L| 


'oUT2  'OUTI 


EQUIVALENT  CIRCUIT  ANALYSISr  ' 

Figures  3  and  4  show  equivalent  circuits  of  the  DAC  with  all 
digital  inputs  high  and  low  respectively.  With  all  digital  Inputs 
(rttheWtiti'sBteasshown  in  Figure  3,  the  reference  current  Is 
MStetfei'fe  the  ioun  terminal,  and  the  Iout2  terWfrtSHs 
open-circuited.  Only  the  output  capacitance,  surface, 
tiwkages,  and  junetM)>tile$kagesappearatthe  louTaterminal. 
Wb  HMSSAicmwAmtu^sia  enconstant  l^it  ourrcuitidrAtn 
tteeufli»lh«te(niloatiotM!»ist«rrQf  ittte  B^;2aiaddwcM«Worh: 
Hike  i  i]i^vM!.eiE<'(iurrent  <  souiiB*  irspcesmtfe  ^loannittiWteini 
sui!la(»(«nel  iufiGlk>n'lealfflgttsi.to  the  «ibstra«C  The  '^dNf* 
capacitance  of  the  output  NMOS  switch  Is  higher  on  the 
iouTi  terminal  when  all  digital  inputs  are  high  (MOS  tran- 
sistor gate  capacitance  incfreases  with  applied  gate  voltege) . 
I 

NgURE  3:  Equivalent  DAC  Qrcuit 
(All  digital  inpute  HIGH). 
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FIGURE  4:  Equivalent  DAC  Circuit         '  '  ''  ' 
(All  aig;itaH'nf)iit8  LOWA;  ' 


Si 


;riT  1, 


Vref 


When  the  condiHonsare  reversed  with  all  digitaf  iripuislowife 
shown  in  Figure  4,  the  lourt  terminal  is  open-circuited  and 
the  current  is  directed  towards  the  1out2  terminal/  ' 

■  .  - 

APPLICATIONS  iNroRMATION 

Figure  5  shows  a  simple  unipolar  circuit  using  the  PM-7533. 
Resistors  R1  and  R2  are  used  to  trim  for  full  scale.  Full-scale 
output  voltage  =  -Vref  x  (1023/1024)  with  all  digital  inputs 
high.  Full  scale  can  also  be  adjusted  using  Vref  thereby 
eliminating  resistors  R1  andR2.  In  many  applications,  R1  and 
R2  are  not  required.  Zero-scale  output  voltage  (with  all 
digital  Inputs  low)  should  be  adjusted  to  less  than  10%  of  1 
LSB  using  the  op  amp  offset  adjust.  This  will  help  to  keep  the 
nonlinearity  errors  to  a  minimum.  Capacitor  CI  provides 
phase  compensation  and  helps  prevent  overshoot  and  ringing 

WlW«B||Si«9lW^l'J»f*W*«paiT(08:.      ■  -  ' 

The  circuit  of  Figure  5  can  be  used  either  as  a  fixed  reference 
digital-to-analog  converter,  or  can  be  used  with  an  AC  signal 
at  the  Vref  terminal.  Used  with  a  fixed  reference  voltage,  the 
output  voltage  range  will  be  from  zero  to  -Vref.  (the  op  amp 
inverts  the  voltage).  The  circuit  behaves  as  an  attenuator 
when  used  with  an  AC  Vref  signal.  The  input  voltage  range  is 
±20V,  but  this  voltage  will  be  limited  by  the  op  amp  voltage 
range.  The  digital-input-code  versus  analog- output-ypltage 
is  shown  is  Table  1.  The  transfer  function  is: 

u  -  u     (  f^-i  +  '^2  .  Aio\ 

vo--v,N  y-^*^^---^ j 

where  Ai  . . .  Aio  assumes  a  value  of  1  for  an  ON  bit  and  Of  or 
anORF  tJit  ., , ,, 

FIGURE  5:  Unipolar  Binary  Openctidh 
-  'ipib  (^Quodisiit'Multiplication) 


I  ,  Vpp  «|^ 


NOTES: 

1.  R1  AND  R2  USED  ONLY  IF  GAIN  ADJUSTMENT  IS  REQUIRED. 

2.  CI  MAY  8£  REQUIREO  WH|N  USING  HIGH  SPEED  OF  AMFS. 
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TABLE  1:  Unipolar  Binary  Code  Table 


DIGITAL  INPUT  NOMINAL  ANALOG  OUTPUT 

MSB  LSB      (VouT  3s  shown  In  Figure  5) 


1111111111 


-Vref 


(l 


023  \ 
1024/ 


1  0  0  0  0  0  0  0  0  1  -Vref 

Vref 
2 


1  0  0  0  0  0  0  0  0  0       -Vref   (-^^)  = 


0  111111111 


0000000001 


-Vref 


(1024) 


dooooooooo 


(—) 

\1024/ 


1.  Nominal  full  scale  for  the  circuit  of  Figure  5  is  given  by 
/ 1023  \ 
\  1024  I 

'2.  Nominal  LSB  magnitude  fptttie.circuit  of  Figure  5  is  given  by 


LSB  =  V„EF 


Figure  6  shows  a  simple  bipolar  output  circuit  using  the 
PM-7533  and  a  PMI  dP-215  dual  op  amp./The, circuit  uses 
offset  binary  coding  and  a  fixed  DC  voltage!  for  Vfief-, 
tJigitally-controlled  attenuation  of  an  AC  signal  odours  when 
the  signal  is  used  as  the  signal  source  at  Vref-  Negative 
j)utput  full-scaleisadiusted  by  setting  the  digital  inputs  to  all 
zeros  and  adjusting  the  value  of  the  Vref  voltage  or  R5.  The 
|;ero-scale  output  voltage  is  adjusted'wt|^te  the  digital  inputs 


are  set  to  1000000000  and  adjusting  R1  for  a  zero  output 
voltage  (less  than  10%  of  1  LSB).  Resistors  R3,  R4  and  R5 
must  be  selected  for  matching  and  tracking  in  order  to  keep 
offset  and  full  scale  errors  to  a  minimum.  Resistors  R1  and  R2 
temperature  coefficients  must  be  taken  into  account  if  they 
are  used.  CI  phase  compensation  capacitor  may  not  be 
needed  and  should  be  selected  empirically.  The  digital  input 
code  versus  analog  output  voltage  is  shown  in  Table  2. 

TABLE  2:  Bipolar  (Offset  Binary)  Code  Table 

DIGITAL  INPUT  NOMINAL  ANALOG  OUTPUT 

MSB  r,         LSB     V  (Vqut  as  shown  in  Figure  6) 


1111111111 


+V, 


\  S12  / 


1  0  0  0  0  0  0  0  0-1 


iir) 


13 


1000000000 


0  0 


0  111111111 


-Vref 


10  0  0  0  0  0  0  0  Q  1 


0  0  0  0  0  0  0  0  0  0 


^Vref 


(■If) 


NOTES:  .     .  _ 

1 .  Nominal  full  scale  for  the  circuit  of  Figure  6  is  given  by 

— -  (1) 

2.  Nominal  LSB  magnitude  for  tiie  circuit  of  Figure  6  is  given  by 
LSB  =  Vref 


FIGURES:  Bipolar  Opefation  (4-Quadrant  Multtpllcatlon) 
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PM-7533 


The  PM-7533  may  be  used  in  the  voltage  output  operatiomas 
shown  in  Figure  7.  This  circuit  configur8ti0alMiM^l9Cldi^lMo 
single-supply  operation  because  signaldMferseonHlaBK-oot 
Speur^Th^autput  should  be  buffered  dtHKlO!i<S>hiBh?CKit|^ 
(t^ist^noerdSltO)  to  prevent  loading  as$&mc>J^:fi^tmmm 

nonllriearlty  errors  t&  less  than  1  LSB  as  shown  in  Fiigure  8. 

By  connecting  the  DAC  in  the  feedback  of  an  op  amp  as 
shown  in  Figure  9,  the  circuit  behaves  as  a  programmable 
galnampllfter  (analog/digital  divider).  The  transferfuAdtionisE 


FIGURE  8:  Voltage  Mode 


21 


22 


Aio 
210 


where  Ai  . . .  Aio  assumes  a  value  of  1  or  0. 
FIGURE  7:  Voltage  Output  Operation 
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DIGITAL  CODE  (DECIMAL) 


FIGURE  9:  Programmable  Gain  Amplifier 


DIGITAL  INPUT  (O) 
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FEATURES 

All  Grades  14-Bit  Monotonic  Omr  the  full  Tempera- 
ture 
Range 

Full  4-Qua((rant  MMltlpllcation 
Microprocessor-Compatible  with  Double  Buffered 
Inputs 

'  Exceptionally  Low  Gain  Temperature  Coefficient, 

0.5ppni/°C  typ 
Small  20-Pin  DIP  and  Surfece  Mount  Package 
Low  Output  Leakage  (<20nA)  Over  t^e  Full 

Temperature  Range 

APPLICATIONS 

Microprocessor  Based  Control  Systems 
Digital  Audio  Reconstruction 
High  Precision  Servo  Control 
Control  and  Measurement  in  High  Temperature 
Environments 


FUNCXIONAI. 


GENERAL  DESCRIPTION  -  S''.  t 

The  AD7S34  is  a  14-bit  monolithic  CMOS  D/A  converted 
uses  thin-fUm  resistors  and  laser  vaMaatSg  teilMme  'eiMiem: 
linearity. 

The  device  is  configured  to  accept  right-justified  data  in  two 
bytes  from  an  8-bit  data  bus.  Standard  Chip  Select  and  Memory 
Write  logic  is  used  to  access  the  DAC.  Address  lines  AO  and  AI 
control  internal  register  loading  and  transfer. 

A  novel  low  leakage  configuration  (patent  pending)  enables  the 
AD7S34  to  exhibit  exceUent  output  lealcage  current  characteristics 
over  the  specified  temperature  range. 

The  device  is  liilly  protected  against  CMOS  "latch  up"  phenomena 
and  does  not  require  the  use  of  external  Schottky  diodes  or  the 
use  of  a  FET  Input  op  amp.  Tlie  AD7534  is  manufactured 
using  the  Linear  Compatible  CMOS  (LC^MOS)  process.  It  is 
speed  compatible  with  most  microprocessors  and  accepts  TTL 
or  CMOS  logic  level  inputs. 


PRODUCT  HIGHLIGHTS 

1 .  Guaranteed  Montonicity 

The  AD7S34  is  guaranteed  monlb^^yMi^  tGMes 'tbe  M 
temperature  range  for  all  grades. 

2.  Low  Output  Leakage 

By  tying  Vss  (Pin  20)  to  a  negative  voltagjC)  it  is  possible  to 
achieve  a  low  output  leakage  canMC  at  1^  ten^eiatmes. 

3.  Microprocessor  Compatibility 

High  speed  input  control  (TTL/5V  CMOS  compatible)  allows 
direct  interfacing  to  most  of  the  popular.  8-bit  and  16-bit 
mioroprocessors. 

4.  Monolitliic  Construcdon 

For  increased  reliability  and  reduced  pt^iiqjje  sfizt'-^V.'y  ' 
2&-pin  DIP  and  20-te(miiial  surface  moant  |nc(p^tc, 
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AD7534-SPECIFICATI0NS' 


(V„  =  +11.4V  to  +15.75V*.  V»  =        V,«,  =       =  W, 
Vjs  =  -SOflinV.  Ml  specificatioiis  1^  to  T„„  unless  otheiwise  stated) 


Fimacta-  , 

J.AVenkns 

K»BV«nions 

SVeision 

TVcnioB 

Units 

TcatCowlftinMi'Oaii^MIn  < 

ACCURACY  ■ 

Resolution 

14 

14  . 

14 

14 

Bits 

Rdativc  Accuracy 

±2 

±1 

±2 

±1 

LSBma 

All  gndea  gnanmeed  moaotiiiiic 

DifiE^ential  Nonlinearity 

±1 

±1 

±1 

±1 

LSBniix 

over  temperature. 

FuUScateEtrar  ' 

~  8 

-  .** 

±8 

±4 

LSBiuax 

Measured  using  internal  Rps  and 

includes  effects  of  leakage 

I  , 

current  and  gain  X.C. 

A@im/ATaiqicnauR 

±5 

±2.5 

+  5 

±2.5 

ppm^^fiiUix 

typkal  mliieis  0.5pparC 

Ou^n  Lcikigt  Comnt  Iq^ 

(P&13)    ,                    -  - 

+2S"C 

±5 

±5 

±5 

±5 

nAmax 

All  digital  ii^nits  0  V 

±10 

±10 

±20 

±20 

nAiBB 

Vss^-300mV 

±25 

±25 

±150 

±150 

REFEREN^  INPUT 

- 

3.5 

3.5 

3.5 

3.5 

Itninin 

l>Iiipall9fittRai«««S^  CkO 

10 

10 

10 

10 

Icflmajt 

DIGITAL  INPUTS 

Vfti  (InpwrWig^  Voluge) 

2.4 

2.4 

2.4 

2.4 

Vmin 

VaOmiji^iawyaliagc) 

=•?•* 

0.8 

0.8 

Vmak' 

IiN  (n^it^^CuntliO 

+  25"C 

±1 

±1 

±  1 

±  1 

^Amax 

ViN  =  OVotVdd 

±10 

±10 

±10 

±  10 

(jiAmax 

Cm  (Input  Capacitance)^ 

7 

7 

7 

7 

pFmax 

rowmsujpPLY 

Vooltailt^ 

il'.4/15.75 

11.4/15.75 

11.4/15.75 

VminA^nux 

Specifications  guaranteed  over 

VssRange  - 

-200/-500 

-200/ -500 

-200/ -500 

-200/ -500 

mV  min/m  V  max 

this  range. 

Idd 

3 

3 

3 

3 

mAmax 

All  digital  inputs  Vjl  or  Vjh 

500 

50O 

500 

500 

M-A  max 

All  digital  inputs  OV  or  Vdd 

AC  PERFORMANCE  CHARACiSQllSTICS 


11ies8ch3i3ctnlMic3  are  included  Ibr  Design  GiidancB  only  sill 
an  not  subject  to  test«(VaBr=  +iaV,Vnn  =  Vpw  =  W.Vjs  = 
Output  taMilier  iLMSMeeEepffcewstalMl). 


Otnpotearrittt  Settling  llnie 


Digiui  to  Analog  Glitch  Impulse 


MuItirtriagFewIdinv^JEicnc* 

Power  Supply  Rejection 

AGain/AVoD 
Output  Capacitance 

Gout  (Pin  3) 
Coi;T(Pin  3) 
Output  Noise  Voltage  Density 
(lOHz-lOOkHz) 


VDD=  +  I1.4Vto+15.75V 
T4=25'CTa=T^.,T^ 


260 
130 


±0.02 

260 
130 


nV-sectyp 


pFmax 
pFmax 


Test  Conditiona/CoaiMM 


1     iv  M 


To  0.003%  of  lilll  scale  range. 
IouTload=100n, 

Cext=  13pF.  DAC  register  alternately 
loaded  with  all  I's  and  all  O's. 
Typical  value  of  Settling  Time  is  0.8^. 
M^atn^  with  VitBF = OV.  lour  load 

=  ioan,CEXT='i3k>E.iMC  .. 

register  alternately  loaded  with  all 

I'sandallO's. 

Vref=  ±  lOV,  lOkHz  bine  wave 
DAC  register  loaded  with  all  O's. 

DAC  register  loaded  with  all  Ts 
DAC  register  loaded  with  all  O's 

AtotmndtetweBttRreandlotiT 


NOTES 

''temperature  range  HfoUawi:    J,  K  Versions:  0to-f70°C 

A,  B  Versions:     -  2S"C  to  +  85"C 

S.T  Versions:     -  55'Clo  +  125°C 
*^rificationsaregtiaraniecd  fora  V'^nof  +  1 1.4V  to  -f  15.7SV.  At  Vqq  =  5V,  the  device  is  fully  functionalllilhdaiiadedl 
^^Wanlecd  by  Product  Assurance  testing. 

^feedriitoiigh  can  be  further  reduced  by  ronnerting  the  metal  lid  on  the  ceramic  pack^  to  DGND. 
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AD7534 


.  •  :  -r! 

TIMING  CHARACTERISTICS  i»i,=  +ii^te+ii7W,¥„= +iov,v  =  Vp,,,^  =  ov.Vss  =  -smmv) 


Lfanitat 
T*=25-C 

Limit  at 

TA  =  0to+70X: 
Ta=  -ISXto  +85'C 

iJadtat 

TA=-5yC«o+125°C 

Units 

Test  Conditions/Comments 

tl 

0 

0 

0 

nsmin 

Address  Valid  to  Write  Setup  Time 

0 

.0...  ■•-  "f-"- 

0 

nsmin 

Address  ValidtoWiitcHoUTiine' 

h 

140 

160  i..!--^-'- 

ISO 

nsmin 

"DaaSeiupTtiii^   .      ,   ^  .  - 

U 

20 

20 

30             ..  ,1. 

nsmin 

Data  Hold  Time 

0 

0 

0 

nsmin 

Chip  Select  to  Write  Setup  Time 

t» 

0 

0 

0                   .  .  .  . 

nsmin 

Chip  Select  to  Write  Hold  Time 

t7 

170 

200 

240 

nsmin 

^jl^ritefulse  Width 

NOTES 

'Temperature  range  as  follows:    J,  K  Versions:  Oto+70% 

A,  B  Versions:  -2S*Cl»L+i 

S,T  Versions:  '•^^liS&o^i 

Spcrificaticiia  subjea  to  ctmnt  nitfaaat  notice. 


^SOLUTE  MAXIMUM  RATINGS 

(Ta = 2S°C  unless  otherwise  stated) 

Vdd  (Pin  19)  to  DGND  -0.3V,  +  17V 

Vss  (Pin  20)  to  AGND  -  15V,  +0.3V 

Vref  (Pin  1)  to  AGND  +25V 

Vrpb  (Pin  2)  to  AGND  ±25V 

IMgitallnput  Voltage  (Fins  7-18)  to  DGND  .  .    -0.3V,  Vdq 

VpMj  to  DGND   .  .  .  .    -0.3V,  Vdd 

AGND  to  DGND   -0.3V,  Vdd 

Power  Dissipation  (Any  PSl^cme) 

To  +75°C  .i  .\  h  .  .  ■  450mW 

Derates  above  +75°C  rT'  •  n  '"''^  '  ....  6mW/°C 


Operating  Temperature  Range 

Commercial  G,  K  Versions)   0to+70°C 

Industrial  (A,  B  Versions)    -25°Cto+85°C 

Extended  (S,  T  Versions)  -55X  to  +  nS^C 

Storage  Temperanue  '^iS'C  to  +  ISO°C 

Lead  Temperature  (Soldering,  lOsecs)   +300°C 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  th^  of  any  other  conditions  above  those 
indicated  in  the  operational  sections  of.,  thu '  speciiicadon  is  not  implied. 
Exposure  to  absolute  maximum  rating  conditions  for  extended  periods  may 
affect  dence  reliability. 


CAimON   ■   ■  -   ^ 

BSD  (electrostatic  disd^ige)  sensitive  device.  The  die^'ooiitrol  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  tmcoimected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shimts.  The  prcitective  foam 
should  be  discharged  to  jdip  destination,  §?c^  before  jfeyices  are  insoted. 


WARNING 


ESD  SENSITIVE  DEVICE' 


OKDBRING  GUIDE 


Temperature 

Relative 

Full  Scale 

Package 

Model 

Range 

Accuracy 

Error 

Option* 

AD7534JN 

0°Cto+70°C 

+  2LSB 

±8LSB 

N-20 

AD7534KN 

0°Cto  +70°C 

+  1LSB 

±4LSB 

N-20 

AD7534JP 

O-Cto  +70°C 

±2LSB 

±8LSB 

P-20A 

AD7534KP 

0°Cto  +70°C 

+  LSB 

±4LSB 

P-20A 

AD7534AQ 

-25°Cto  +85''C 

±2LSB 

±8LSB 

Q-20 

AD7534BQ 

-25°Cto+85°C 

+  1LSB 

±4LSB 

Q-20 

AD7534SQ 

-55°Cto  +  125"C 

+  2LSB 

±8LSB 

Q-20 

AD7534TQ 

-55°Cto  +125"C 

±1LSB 

±4LSB 

Q-20 

PlasQc  DIP;  P  =  Plastic  Leaded  Chip  Carrier;  Q  • 


Cerdip.  For  outline  informadon  see 
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BELATIVE  ACCURACY 

Relative  accuracy  or  endpoint  nonlinearity  is  a  measure  of  the 
maximum  deviation  from  a  straight  line  passing  through  the 
endpoints  of  the  DAC  transfer  function.  It  is  measured  after 
adjusting  for  zero  error  and  fiill  scale  error  and  is  normally 
empreaaed  in  Least  Significant  Bits  or  as  a  percentage  of  full 

«=^«»#«-,,  z::: 

VWecatdiX  non]ineari^<4«!diir  IBfflsttnce  hetmm  ibe  measured 
change      tiie  ideal  ILSB  change  between  any  two  adjacent 
Godes.  A  ^Sidfied  differential  nonlinearity  of  ±  ILSB  max  over 
the  operating  temperatiu^  range  ensures  moDOtonicity. 

FULL-SCALE  ERROR 

Full  scale  error  or  gain  error  is  a  measme  of  the  output  error 
between  an  ideal  DAC  and  the  actual  device  output.  Full  scale 
error  is  adjustable  to  zero  with  an  external  pMentioineter. 


m^nvAAiu^  M.\M  nrtnLMKw  ivLfiictt  imrUiM^li 
The  amount  of  charge  injected  &om  the  d|Psit'iiqn!taK<|t'i|^ 
analog  output  when  the  inputs  change  state.  This  is  nomially 
specified  as  the  area  of  the  ^tch  in  either  pA-secs  or  nV-secs 
..(jgpppdiTig  upon. glitch  is  me^ued  as  a  current  or 
voltage.'  The  aieaaiMnieDt^udces  place  w^  Viibp= AGND. 

OUTPUT  CAPACITANCE 

Capacitance  from  lour  to  AGND. 

OUTPUT  LEAKAGE  CURRENT 

Current  which  qqiears  at  lour  Vridi  the  DAC  register  loaded  to 

ailO's. 

MULTIPLYING  FEEDTHROUGH  ERROR 

AC  error  due  to  capacitive  feedthrough  from  Vrep  terminal  tO 
lour  with  DAC  register  loaded  to  all  zeros. 


11',. '  r?'-'  d   A    \   ,'  ■■    I".  ■'  - 

' ''''''''  ~  ' '  ^ooinnKScriiAtioNS' 


DIP 


PLCC 


J  J  J  >»  >° 

rnmmr^nsi 


E 
tl 

DOND  ^ 
DB7 

DBS  ^ 


AD7S34 


liJHliJLiJLil 
i  ill  § 


it] 

1e]  AO 
15]  A1 

m]  dm 
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Pin  Function  Description— AD7^'  - 


Pin 

Function 

Description 

1 

'  REF 

Reference  Input  Voltage                                                                         ,  . 

2 

1  CCUUaCI'i.  ICMSlUl  ■  w  dCU  lU  ^iUoC  llIC  liAJJp  dl  UUIIU  dll  CAICI  Ilal  U^^alIl|J. 

3 

loUT 

l^iiTTRn  t  fill  tnii  f  "  1  "^rminQ  1 

4 

AGNDS 

A  nalncT  orftiinH  s<*nQp  lin*»  13  f'fipr^tir'P  tM^int  for  ^vt^i^ol  pirr'iiiti^  TThic  nin  chrtiilH  ('a.fTT/  minimal  fMiiT^tit 

5 

f"r»0'*»fh#»r  intcrnallv                                ■       s-             ■                               >                                     -     *  - 

LugcLiici  iiiLcriuuiy.                             <                  ^  i 

DGND 

i-/igiiai uroiui^  .  .-.  — T   i%  —                                          —  ' 

7 

DB7 

Tiata  Rif  7 

g 

DB6 

l^dld  Ull  u 

DBS 

Hata  Rif    r»r  Hota  Rit  1  ^  fHAP  M^^R^ 
L/dld  Dll  J  or  iJAxA  Oil  1 3  v.l-'^Vy  v/LOOj 

10 

DB4 

Viata  Rif  d  or  Oata  Rit  1  7            '  ^tfV^  CtMItne.i^    i  'j  ■  -  >'     t    i                         t    i  '  T  , 

11 

DB3 

Data  Rif  ^  nr  Data  Rif  1 1 

J^rdla  OIL  ^  \Jl  i^dld  OIL  1  1 

12 

DB2 

Data  Bit  2  or  Data  Bit  10 

13 

DBl 

Data  Bit  lor  Data  Bit  9 

14 

DBO 

Data  Bit  0  or  Data  Bit  8 

15 

Al 

Address  line  1 

16 

AO 

Address  line  0 

17 

WR 

Write  input.  Active  low. 

18 

CS  '  j 

Chip  Sel«^I|iput.  Acttv^low. 

W5  C5  Al     AO  Function 

X'  1  XX  Device  not  selected  

1  X  X      X  No  data  transfer 

0  0  0       0  DAC  loaded  directly  from  Data  Bus^ 

0  0  0       1  MS  Input  Register  loaded  from  Data  Bus 

0  0  i      0  LS  Input  R^ter  loaded  from  Data  Bus 

0  0  11  DAC  Register  loaded  from  Input  Roisters. 


NOTES 

1.  X  =  Don't  Care 

2.  When  Ai  =0,  Ao  =  0  all  DAC  registers  are  transparent,  so  by  placing  all  O's  or  all  I's  on  the  data  inputs  the  user  can  load  the 
DAC  to  zero  or  full  scale  output  in  one  write  operation.  This  facility  simplifies  system  calibration. 

+  12V  to  +  I5V  supply  input. 

Bias  pin  for  High  Temperature  L.OW  Leakage  configuration.  To  implement  low  leakage  system,  the  pin  should 
be  at  a  negative  voltage.  See  Figures  4,  S  or  6  for  recommended  circuitry . 


1 1 .  -v.  *. 


19  Vdd 


AO,  Al 


 h 


U 

«  d 


ov 

5V 
OV 

5V 
OV 

5V 
OV 


1.  /tec  iNmjT  siQiMi.  RRC  AND  mm  tmes  measured  from  mk^Him0F  -iwk 

2.  TIMING  M»SUREMENT  REFERENCX  LEVEL  IS  ^"  t 


Figure  1.  AD7S34  Timing  Diagram 


mv.A 


;2R  <2R<2R  >2R  >2R  >2R  >2R  ?2R        <2R  >2H  >  2R 


g\f\e«d«c\b«a\       sio\     S9\  so 


Figure  2.  Simplified  Circuit  Diagram  for  the  AOX^.OMSeetiOn. 


CIRCUIT  INFORMATION  -  D/A  SECTION 

Figure  2  shows  a  simplified  circuit  diagram  for  the  AD7534 
D/A  section.  The  three  MSB's  of  the  14-bit  Data  Word  are 
decoded  to  drive  the  seven  switches  A-G.  The  11  LSB's  of  the 
Data  Word  drive  an  inverted  R-2R  ladder  which  steers  the 
binarily  weighted  current  available  to  it  between  Iqut  and 
AGm>F. 

If  I  ffi  taken  as  ttee  input  current  at  Vrqh  the  input  cnnent  to 
the  R-2R  ladder  is  1/8. 7/8 1  flows  in  th^  pwlW^liddar  attacnae. 
Switdm  A-G  steer  Irinaiily  weigjiled  cifin»t  .tietReen  lour  uvl 
AGNDF. 

The  input  natonce  at  Vref  ii  constant  and  may  be  driven  by  a 
volt^  source  m  a  conent  soaice  of  positive  or  negative 
polarit;y.  ,„   .'   

EQUIVALENT  CIRCUIT  ANAl,V^S;~j^^.q„i     .  7 
IHguR  3  shows  an  equivalent  dicnh  ft^-dbt  aulOK-seetieii  of  - 
the  AD7534  D/A  converter.  The  current  source  Ileakage  is 
composed  of  surface  and  junction  leakages.  The  resistor  Rq 
denotes  the  equivalent  output  resistance  of  the  DAG  which 
varies  with  input  code.  Coirr  is  the  capacitance  due  to  the  current 
steerwg  switdies  and  varies  from  about  90pF  to  180pF  (ty^^^    .  ^ 


gIVREF.  N| 


values)  depending  upon  the  digital  input.  gCVREF)  N)  is  the 
Thevenin  equivalent  vtdtage  generator  due  to  the  referoux 


Figure  3.  '^7S34  '^uivalent  Analog  Output  Circuit 
idjlut  voth^t  Vno'i  andlUie  transfer  function  of  the  R-2R 

cmam:  infc«mation  -  digital  section 

The  digital  inputs  are  designed  to  be  both  TTL  and  SV  CMOS 
compatible.  All  logic  inputs  are  static  protected  MOS  gates  with 
typical  input  currents  of  less  than  InA.  Internal  input  protection 
is  achieved  by  an  on-chip  distributed  diode  from  DGND  to 
each  MOS  gate.  To  minimize  power  supply  currents,  it  is 
recommended  that  the  digital  input  voltages  be  driven  as  dose 
as  possible  to  0  and  SV  logic  levels. 
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Applying  the  AD7534 


UNIPOLAR  BINARY  OPERATION 
(2.QUADRANT  MULTIPLICATION) 

Figure  4  shows  the  circuit  diagram  for  luiipolar  binary  operatioii. 
With  an  ac  input,  the  circuit  performs  2-quadrant  multiplication. 
The  code  uble  for  Figure  4  is  given  in  Table  I. 

&padtor  CI  provides  phase  compensation  and  helps  prevent 
overshoot  and  ri]i^||;  >|M^  ^f^.         op-amps  are  used. 


R3 

I  © — ® — (2> 


INPUT 
DATA 


Figure  4.  Unipolar  Binary  Operation 


Binaiy  Nnmbec  In 
IMCRcwtan 

Aaalo(Oii^iit,  VouT 

MSB  LSB 

11  nil  nil  nil 

„    /16383\  ±' 
^■Nl,16384j 

10  0000  OOOO  0000 

Vin(i63m)   -  1'2V,N 

00  0000  0000  0001 

^™(l6384) 

00  0000  0000  0000 

For  high  temperature  applications,  resistors  and  potentiometers 
should  have  a  low  Temperature  Coefficient.  In  many  appUcations, 
because  of  the  excellent  Gain  T.C.  and  Gain  Error  specifications 
of  the  AD7S34,  Gain  Error  trimming  is  not  necessary. 


BIPOLAR  OPERATION 

(4-QUADRANT  MULTIPLICATION;! 

The  recommended  circuit  diagram  for  UBelar  operation  is  shown 

in  Figure  5.  Offset  binary  codii%  %  ose^. 

With  the  DAC  loaded  to  10  0000  0000  0000,  adjust  R3  for  Vo  I 
-  OV.  Alternatively,  one  can  omit  R3  and  R4  and  adjust  the 
ratio  of  R7  and  R8  for  Vo  =  OV.  Full  scale  trimming  can  be 
accomplished  by  adjusting  the  amplitude  of  Vjn  or  by  varying 
the  value  of  R9. 

Resistors  R7,  R8  and  R9  should  be  matched  to  0.003%.  Mismatch 
of  R7  and  R8  causes  both  offset  and  full  scale  error.  When 
operating  over  a  wide  temperature  range,  it  is  important  that 
the  resistors  be  of  the  same  type  so  tbMMrtaipBiMUie  coefficient 
match.  j 

-  Tfae^fde  table  for  Figtar?  54s  #«a  |l  liM  SC- 


4) — h — (b  r  I  ;v 


Table  I.  Unipolar  Binary  Code  Table  forAD7534 

ZERO  OFFSET  AND  GAIN  ADJUSTMENT  FOR 
FIGURE  4. 

Calibration  codes  for  zero  and  fiill  scale  adjust  (all  O's,  all 
I's)  can  be  loaded  in  one  write  operation  (see  Pin  Function 
DescrqMka}. 

Zero  Offset  Adinstment 

1.  Load  DAC  r^ter  with  all  O's.. 

2.  Adjust  oCtet  iofamidifieT  Al  ao  that  Vo  is  at  a  minimum 
(i.e.,  £30|i.V). 

Gain  Adjustment 

1.  Load  DAC  r^ler  with  all  I's. 

2.  Trim  potcntiomeier  R3  so  that  ^ 


Figure  5.  Bipolar  Operation 


''vo--Vw(| 


In  find  leCBTcnce  mpiiotions  iiill  scale  can  also  be  ai^usted 
by  omitting  R3  and  R4  and  trimming  the  refeiaioe  voltage 
magoitade. 


Binaiy  Number  in 
DACRegiater 
MSB  tSB 

.^MdtiOlttpiit 

11  nil  nil  nil 

+^™(ItM) 

10  0000  0000  OOOI 

lO'OdOO  0000  0000 

0 

01  nil  nil  nil 

00  0000  0000  0000 

Table  II.  Bipolar  Code  Table  for  Offset  Binary 
Cireuit  of  Figun  S.  i^-.t  .'.  , 
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GROUNDING  TECHNIQUES 

Since  the  AD7S34  is  specified  for  high  accuracy,  it  is  important 

"miti^^XmsS  and  AGND#aft%tM^^%^^'^' 
is  not  isseSS^Wage  drops  dui^WltSid^'^^lM^^'^  iAot 
MBpMMed  for  in  Ais  drcuit.  This  means  that  an  extra  linearity 
error  rfless  tlism  O.JLSB  fa  added  to  the  DAC  linearity  error.  If 
the  user  mhes  to  el^mMe  tMs  exga^c^r,  theii  the  circtlit  6f 
Figure  6  sftonld  be  iffi^*H5^a#»  ftsk' to  maintain  AGNDS 


at  Signal  Ground  potential.  By  using  the  Force,  Sense.techniciue 
all  switch  contacts  on  the  DAC  are  at  exactly  the  same  potential 
and  any  error  due  to  bond  wire  resistance  is  eliminated. 

Figure  7  shows  a  Printed  Circuit  Board  layout  for  the  AD7534 
with  a  single  output  amplifier.  The  input  to  Vref  (pin  1)  is 
shielded  to  reduce  ac  feedthrough  while  the  digital  inputs  are 
shielded  to  minimize  digital  feedthrough.  The  tracks  connecting 
lour  and  AGNDS  to  the  inverting  and  noninverting  op  amp 
inputs  are  kept  as  short  as  possible.  Gaiii  trim  components,  R3 
and  R4,  have  been  omitted. 


PIN  1  ADS44 


-  CIJpCATION 


jWUre  OMITTED  FOR  dLAlSfTY'  ,  ,  ^  'i  ;     ,  '    ■  i." 

■.itF^t^e/^if^lolar  Binary  Operation  with  Forcad  Groi^nd    ^ 

v+  V-  ZERO  OFFSET  AND  ^AIN  ADJUSTMENT  FOR 

FIGURE  6  '  ^  " 

Zero  O&et  Adjustment 

1.  IxMtA^IMiQ.registec  with  ^:0^s.v  '  '  :■ 

2.  Adjugto£^t  of  amplifier  A2  for  Tninimiim  potential  at  AGNDS. 
Th^9<<t<^tial  Should  W  s30|jlV  irith  respect  to  Signal 

3.  Mm  Msic^'Sss^mMLi  u  dut  %  ir.at' « ■! 

(i.e.  ^30plV).         '"3^  'r,;::.-.: 

Gain  Adjustment 

1.  Lind  DAC  register  with  all  I's. 

2.  Trjm  potentiometer  R3  so  that  Vo  = 


PIN  1  AD7534 


V  (16383) 


LAYOUT  IS  FOR  DOUBLE  SIDED  PCB. 

DOTTED  LINE  INDICATES  TRACK  ON  COMPONENT  SIDE. 

Ftgm%^7. '  SUiggested  layout  f6rAD7S34  Incorporating 


h  -;l.:r;.o'  nd  eh.  Ma  stoi  itUi  -  > 


.li^' 
..J 


•iM62  mmm'TCf-mm.Qacmwmms 


LOW  LEAKAGE  CONFIGURATION 

For  CMOS  Multiplying  D/A  conveners,  as  the  device  is  operateii 
at  higher  temperatures  the  output  leakage  current  increases.  For 
a  14-bit  resolution  system,  this  can  be  a  significant  source  of 
error.  The  AD7534  features  a  leakage  reduction  configuration  to 
keep  the  leakage  current  low  over  an  extended  temperature 
range.  One  may  operate  the  device  with  or  without  this  config- 
uiadidti.  If  Vss  (pin  20)  is  tied  to  AGND  then  the  DAC  will 
exhibit  nonnal  output  leakage  ciurent  at  high  tempeiaturet.  To 
use  the  low  leakage  facility,  Vss  should  be  tied  to  a  voltage  of 
aiqnoximatdy  —0.3V  as  in  Figures  4,  S  and  6.  A  simple  resistor 
divider  (RS,  R6)  produces  -312mV  from  -  ISV.  The  aq)acitor 
C2  in  parallel  with  R6  is  an  integral  part  of  the  low  leakage 
configuration  and  mu^  be  4.7|ji.P  or  greater.  Figure  8  is  a  plot 
of  leakage  cuneat  ver^  tQOPSi^tun:  for  both  conditions.  It 
cl(ari<$''AMis  t|ie  inqMBScmeDtfUiiedby  using  the  kjwtakue 
ojnfigiiiatioii:  '  ' 

OP  AMP  SELECTION 

In  dunmig  an  amplifier  to  be  used  with  the  AD7S34,  three 


parameters  are  of  prime  importance.  These  are  Input  Offset 
Voltage  (Vos)>  Input  Bias  Current,  (Ibias)  and  Offset  Voluge 
Drift.  To  maintain  specified  accuracy  with  Vref  at  lOV,  Vqs 
must  be  less  than  30|iV  while  Ibias  should  be  less  than  2nA. 
Also  the  open  loop  gain  of  the  amplifier  must  be  sufficiently 
high  to  keep  Vos^30(iV  for  the  full  output  voltage  range.  Thus 
for  a  max  output  of  lOV,  Avol  must  be  greater  than  340,000. 

An  amplifier  wi^  low  offset  voltage  drift  is  required  to  give  the 
(lemiBd  sy«£m  accuiacy  ov^  an  bpec^ing  tenq^eittiii4  nmge. 

tu^Umtaafms^-tbeJ^pP^miisSes  die  above  requiiements 
and  in4no«t-caseS'W31-not.'nieed  anoffiet  adjust  potentiometer. 

For  high  frequency  operation,  one  may  use  a  wide  bandwidth 
amplifier  such  as  the  ADS44  or  the  LF3S6  with  either  an  offset 
adjust  potentiometer  or  automatic  nulling  circuitry. 

The  choice  of  amplifier  depends  entirely  on  the  required  system 
accuracy,  the  required-ienqieTatliie-fBi||e,  #nd  thcoferating 

frequency.  .  j  i  

ate  Ar«{,  .  ,,  ^ 
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Figure  8.  Graph  of  Typical  Leakage  Current  vs.  Temperature 
fbrAD7S34 


I, -.•'  '.a  y.  X 


processor  is  girep  in  Figure  9.  The  microprocessor  sees  the 
DAC  as  four  meihbry  locations,  identiCed  by  address  lines  AO, 
Al.  in  standard  operation,  three  of  these  memory  locations  are 
used.  A  sample  program  for  loading  the  DAC  with  a  14-bit 
wivd  is  given  in  Table  III.  The  AD7S34  has  address  Iqcatiqns 

The  six  MSBs  are  written  into  location  3001,  and  the  eight 
LSBs  are  written  to  3002.  Then  with  a  write  instruction  to  3003 


of  the  16-bit  data  bus  aie  cjf^aaecls^  K^-  ^^Af^^^^  l>v(s- 
14-btt  wofd  is  loaded  in  two,l9yfc9  using  MOV  instruction. 
A  further  MOV  loads  the  J>AC  register  and  causes  the  analog 
data  to  appear  at  the  converter  output.  For  the  example  given 
here,  the  approprivte  QAC  register  addresses  are  pOQ2,jD004, 
D006.  The  pro^amifor  Wling  the  DAC  is  {fiven  bdow  in 
Tabteiy. 


'■■*«- 

A15 

-".MBS 

A 

ALE 

iWR 

ADO- 

AD7 

ADDRESS  BUS 


UkTCH 


ADDRESS 
DECODE 


DATA  BUS 

L^^T* —  — ^  - 


3L£ 


A1  AO 

CS 

AD7534* 
WR 


OB0-DB7 


■UNEAR  CIRCUrrRY 
OMfTTED  FOR  CLARITY 


rroRCLARTTY 


Figure  9.  AD7534  -  8085A  Interface 


Figure  10.  AD7S34  -  8086  Interface  Circuit 


Mnemonic 


MV1H,#30 
MVIL,*0J1 

MOVM,A 
INRL 

MVIA,#"LS" 

MOVM.A 
INRL 
MOVM^ 
RSTI 


Table  III.  Program  Listing  for  Figure  9 


ASSUME  DS:  DACLOAD,  CS  :  DACLOAD 
DACLOAD  SEGMENT  AT  000 


00 

8CC9 

MOVCX.CS 

:    DEFINE  DATA  SEGMENT  REGISTER  EQUAL 

02 

8ED9 

MOVDS.CX 

:    TO  CODE  SEGMENT  REGISTER 

04 

BFO2D0 

MOV  DI,  #0002 

:    LOAD  DI  WITH  D002 

07 

C605"MS" 

MOV  MEM,*  "MS" 

:  ii|i^^REGISTERLOADEDWlTH"MS" 

OA 

47 

INCDI 

OB 

47 

INCDI 

OC 

C605"LS" 

MOV  MEM,*  "LS" 

:    LS  INPUT  REGISTER  LOADED  WITH  "LS" 

OF 

47 

INCDI 

10 

47 

INCDI 

u 

C60500 

MOV  MEM,*  00 

:  CONTENTSOFINPUTREGISTERS 
ARE  UJADED  TO  THE  DAC  REGISTER. 

14 

EAOOOO 

JMPMSM 

■  4@<9|4nmeai;181IETt]flNEDTOTHEMONrrOR 

17 

OOFF 

Table  IV.  Sample  Program  for  Loading  AD7534  from  8086 


2-464  DIGITAL-TO-ANALOG  CONVERTERS 


REV.  A 


AD7534 


AD7S34-MC6809INTERFACEv  '  .  .         '  .  , 

Figure  11  ^lows  an  interface  circuit  #M^  jmabIin>Ae,A&7534 
to  be  profpammed  using  the  MC6809  8tbit  miac^iiiQcessor.  By 
jMldng  use  of  the  16-bit  D  Accumulator,  the  transfn'  of  data  is 
simplified.  The  two  key  processor  instructions  are: 


M>7S34  <-  Z80  INTERFACE 
'  Mtei&eiag  to'dieiZM  -miereprocessor  requires  a  minimal  amount 
tof  extr*  components.  Thci'  circuit  consists  of  the  Z80  processor, 

the  AD7S34  and  an  address'^lcoder  for  die  iOMI.  Figure  13, 

below,  illustrates  the  circuit. 


LDD  Load  D  Accamulatoij^^^Qpniprj; 
STD  StoreDAca»i)9M^tegifipqP3F.A  t!-,.  ri 


Mcraos 


ADDRESS  BUS 


ADDRESS 
DECODE 


■LINEAR  CIRCUITRY 
OMITTED  FOR  CURITY 


AO  A1 
CS 
AD7S34* 


A0-A15 

zso 

MREO 


WR 


3_£ 


ADDRESS 
DECODE 


1  CIRCUITRY 
OMtTTED  FOR  CURITY 


 AO  A1 

CS 
AD7S34* 


Figure  13.  AD7S34  -  ZSO  Interface 


Figure  11.  AD7S34  -  MC6809  Interface  Circuit 
AD7S34  -  6502  INTERFACE 

The  inter&ce  fl^it  Joir  the  6502  microprocessor  is  shown  in 
Kgure  12. 


6502 


ADDRESS  BUS 


3_£ 


ADDRESS 
DECODE 


H — "  WR 

±_  ^ 


•UNEAR  CIRCUITRY 
OMITTED  FOR  CLARITY 


figwe  12.  A07S34  -  €502  Intmifym 


.1  !M  h'ar. 


(it  mtio  »2u  ocw  ifo. 


:>AC : 


AD7S34  -  MC68000  INTERFACE 

Interfiicilig  between  the  MC68000  and  the  AD7S34  is  accomplished 
using  die  circuit  of  Figure  14.  The  following  routine  writes  data 
M  .t^  DAC'  ioput  registers  and  then  ouq>uts  the  dau  via  the 


•A2E003 
01000  MPVE,W 


#W,DO 

rr»  -  at- 


MOVEP.W  O0,$0000(iA2) 


MOVE.W  D04E006 


MOVE.B  *228j>7 
TRAP  #14 


Address  Register  2  is  loaded  with  E003 . 

The  desired  DAC  data,  W,  is  loaded 
into  Data  Register  0 .  W  may  be  any  value 
between  0  and  16383  (decimal)  or  0 

^^i^ln|iat  Regiiten  of  AeCAC^ 

The  high  order  byte  of  data  is  trans- 
ferred first.  The  memory  address  is 
specified  using  the  address  register  in- 
direct plus  displacement  addressing 
mode.  The  address  used  in  this  instance 
(E003)j|i  odd  and  so  data  is  transferred 
ODtlieiowixderlulfafthedaubas 
(OQrDT)..- . 

This  instmctian  provides  appropriate 
signals  to  transfer  the  data  W  from  the 
DACInputRc^^steritt«>theDAC Regis-  ' 
ter,  which  controb  the  switches  in  the 
14-bit  D/A  structure. 

Control  is  letumed  to  the  System  Monitor 
Pmgtain  using  these  two  insmctiom. 


Since  only  the  lower  half  of  the  Data  Bus  is  used  in  this  interfacing 
system,  it  is  also  suitable  for  use  with  the  AllC680p8.  This  provides 
the  user  with  an  eight  l»t  data  bus  in^ead-^tte  MO68(X)0's  _ 
sixteen  bit  data  bus.  i      .  T 


Mcaaooo 

AS 

DTACK 
R/W 


ADDR^BUS 


3_E 


ADDRESS 
DECODE 


3_E 


AD7534' 


3^ 


•UNEAR  CIRCUITRY 
OMITTED  FOR  CLABTTY 

Figure  14.  AD7S34  -  MC68000  Interface 
DIGITAL  FEEDTHROUGH 

In  the  preceeding  interface  configurations,  most  digital  inputs  to 
the  AD7534  are  directly  comiected  to  the  microprocessor  bus. 
Even  when  the  device  is  not  selected,  these  inputs  will  be  constantly 
dwnging.  The  high  frequency  logic  activity  on  the  bus  can  feed 
throtjgh  the  DAC  package  capacitance  to  show  up  as  noise  on 
the  —^^^  output.  To  minindae  this  digital  fccdthrough  isolate 
dK  DAC  from  the  noise  source.  Figuie  IS  shows  an  inter&oe 


AO 


MICROPROCESSOR 
SYSTEM 


ciRcurnw 
D  FOR  cuwrv 


ADDRESS 
DECODE 


QUAD 
LATCH 


QUAD 
LATCH 


QUAD 
LATCH 


AD7534' 


Figure  75.  AD7534  interface  Circuit  Using  Latches  to 

Minimize  Digital  Feedtfirough 

circuit  which  physically  isolates  the  DAC  from  the  bus.  One 
may  also  use  other  means,  such  as  peiqdienl  imnftoe  deviess, 
to  reduce  the  digital  feedthrough. 
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ANALXX3 
DEVICES 


LC^MOS 

yJP  Compatible  14-Bit  DAC 


AD7535 


FEATURES  | 
All  Grades  14-Bit  Monotonic  over  the  Full 

Temperature  Range 
Full  4  Quadrant  Multiplication  j 
Microprocessor  Cpnipatible  With  Double  Bu^ereil 

Inputs  .  V  I 

Exceptionally  Low  Gain  T(»n|«ratO^CSeffiei«Kfr~ 

0.5ppm/°C  typ  ( 
Low  Output  Leakage  (<20nM.oiEar  fhe  Full  )i 

Temperature  Range 


APPUCATIONS 

Microprocessor  Bas^d  ^Mitrel  %st4 
Digital  Audlo>  ':  ^  /  |  i 
Precision  Servo  Con|rol 

 ContEaljand.  Measurement  in'tflgh  Temperature 

Environments 


t^ms 


GENERAL  DES^aHfl^N  ".'  Hi'  \ 

The  AD7535  is  a  14-bit  monolithic  CMOS  D/A  converter  which 
uses  laser  trimmed  thin-film  resistors  to  achieve  excellent 
linearity. 

Standard  Chip  Select  and  Memory  Write  logic  is  used  to  access 
the  DAC. 

A  novel  low  leakage  configuration  (patent  pending)  enables  the 
AD7535  to  exhibit  excellent  output  leakage  current  cliCtSSt^stics 
over  the  specified  temperature  range. 

The  device  is  fully  protected  against  CMOS  "latch  up"  phenomei|ia 
and  does  not  require  the  use  of  external  Schottky  diodes  or  ihi 
use  of  a  FET  Input  op-amp.  The  AD7535  is  manufactured  < 
using  the  Linear  Compatible  CMOS  (LC^MOS)  process.  It  is  ! 
speed  compatible  with  most  microprocessorsjand  accepts  TTL  | 
or  CMOS  logic  level  inputs.  . .  ; 


FUNCTIOMAL  BLOCK  DIAGRAM 

N,C.  Vdo 
J  @— @  


PRODUCT  mGHLIGffiTf 

1.  Guaranteed' Monotonicity"'   - 

The  AD7535  is  guaranteed  monotonic  to  14-bits  over  the  full 
temperature  range  for  all  grades. 

2.  Low  Output  Leakage 

-By  tying  Vss  (Pin  27)  to  a  negative  voltage,  it  is  possible  to 
achieve  "a  low  output  leakage  current  at  high  temperatures. 

3.  Microprocessor  Compatibility 

High  speed  input  control  (TTL/5V  CMOS  compatible)  allows 
direct  interfacing  to  most  of  the  popular  8-bit  and  16-bit 
microprocessors.  When  interfacing  to  8-bit  processors  CSMSB 
and  CSLSB  are  separate  and  the  8-bit  data  bus  is  connected 
to  both  the  MS  Input  Register  and  the  LS  Input  Register. 
For  straight  14-bit  parallel  loading  CSMSB  and  CSLSB  are 
tied  together  giving  one  chip  select  to  load  the  14-bit  word. 


Oil 


Panunctcr 


4^ 


J^AVenMU       K^BVcnioni  SVenion 


TVenion 


Uoits 


TfitflfriwfHinnp/^t'rrf  "T^ti 


ACCURACY 
Resolution 
Relative  Accuracy 
DiffcKnlial  Noolineahty 
FnUScileErnir 


Gain  Temperature  CoefiBdent^; 
AGain/ATempcratuce 

Ti^wT|«  I  

Tnipia'T^   1  


14 

±2 


±5  ■ 

±10 

'±25 


14 

±1 
±1 

±4 


±2.5 

1 

S±5 
±10 
±25 


14 

±2 
±1 


±5 


±5 

±20 

±150 


±1 
±4 


±2.5 

±5 

±20 

±150 


Bits 

LSB  max 
LSBmax 


ppm/^max 

nAmax 
nAmax 
nA  max 


All  grades  guaranteed 
over  temperature. 


indudeseffiecaiifkaliage 

current  and  gain  T.C. 

Typical  value  is  0 .  5ppiil/X 

All  digital  inputs  OV 
Vss=-300mV 
Vss  =  OV 


Inputiesiit^iioe,  pin  1 


3.5 
10 


3.5 
10 


3.5 
10 


3.5 
10 


kHinin 
kOmax 


Typical  Input  Resistance = 6kn 


DIGITALINPUTS 
ViH  (Input  High  Voltage) 
Vn.  (Input  Low  Voltage) 
IjH  (Input  Cuftent) 
+25"C 

CtN  (Input  Capacitance)^ 


2.4 
0.8 

±1 

±10 

7 


2.4 
0.8 


2.4 
0.8 

±1 

±10 

7 


2.4 
0.8 


±  1 
±10 


V  min 
Vmax 

liAmax 
^Amax 
pFmax 


V„  =  0VorVDD 


POWER  SUPPLY 
Vdd  Range 
Vss  Range 
loD 


11.4/15.75 

-200/ -500 
4 

500 


11.4/15.75 

-200/ -500 
4 

500 


11.4/15.75 

-200/ -500 
4 

500 


11.4/15.75 
-200/ -500 
4 

500 


l»l!"J 


Vmin/VflMi 

mV  min/m  V  max 

mAmax 

liAmax 


Specification  guaranteed  over 
this  range 

All  digital  inputs  Vil  or  Vih 
All  digital  inputs  OV  or  Vdd 


AC  PERFORMANCE  CHARACTERISTICS 


These (teOElMilia aremilnleil'lgr  besign  Guidance  only  and  are  not  subject  to  test 
(V„o  =  +11.4Vt6  +1i7W,  V„=  +10V,  VpM4=Vp«5=0V,  Vss=OV  OR  -300mV. 
Output  Amplifier  Is  MI544  except  nMfSMBiU 


Ta=K-CT, 

■fH             —i  ^ 

Output  CuiTcnxScttliot  Time 

.'■5 

Ta«.dl»%  of iiiU  Male  mgie. 

.1.  ^ni-MW^- 

iovTiowi=ioon, 

Cext  =  1 3pF.  DAC  register  altemudf 

loatledwithalirsandallO's. 

Typical  valuecCSoffiAgllaie 

■  ■•■!. 

isO.S^. 

■::  .SO 

nV-sectyp 

Measured  with  Vref = OV.  Iqut  'oxl 
=  icon,  Cbct  =  13pF.  DAC 
register  alternately  loaded  witb^ll  .. 
I'sandallO's. 

Multiplying  Feedthrough  Eiior* 

3 

5 

mVp-ptyp 

VitBF=  ±  lOV,  lOkHz  sine  wave 

Foiier  Supply  Rejection 

DACragisterlaaded  with  alto's. 

±0.01 

±0.02 

%Iier%inB 

AVdd=±5% 

Coin-(Pin4) 

2C0 

260 

pFmo 

DAC  register  kadedwidiail  I's 

Cotn-(Pin4) 

130 

130 

pFmat 

DACregislerkadedwidiallO's 

Output  Noise  Voltage  Density 

(10Hz-100kH2) 

IS 

nWlStyp 

Ateamicd  between  RpB  and  louT 

NOTES 

'Temperature  range  as  follows:     J,  K  Versions:  Oto +70''C 

A,  B  Versions:  -  25"C  to  +  85°C 

S.TVersions:  -55"Cto  +  125'C 

|Speciflc«tions  are  guaranteed  for  a  Vdd  of  + 1 1  .4V  to  + 1 5.75V.  At  Vdd  -  5  V,  the  device  is  fully  funcdonal  withdegndedapeciSGatel. 
'GuatanteedbyProductAsaunuicetesling. 

'Fiedilina^anbeluidieiieducad%G«niieciiiigthem«allidoatheceramicpadagetoD^ 


TIMING  CHARACTERISTICS^ 


{Vo„=  +11.4Vto  +15.75V,VR£r=  +10V,Vp««=VpM5  =  0V,Vss=0Vw  -300mV 
All  spedflcalions  T„i,  to  1^  unless  otliennse  slated.  See  Figure  1  tor  riming  Diagram.) 


Limit  at 

Limit  at                Ta  =  0  to  +  70°C 

Limit  at 

Panunct^  . 

Tik=25'G             Ta= -25°Cto +85»C 

Ta=- 

SS-Cto+US'C  Units 

Test  Conditions/Comments 

ti 

0 

''^  nsiMn 

CSMSB  or  CSLSB  to  WR  Setup  Time 

t2 

0  0 

0 

nsmin 

CSMSB  or  CSLSB  to  WR  Hold  Time 

t3 

170  200 

240 

nsmin 

LDAC  Pulse  Width 

U 

170  200 

240 

nsmin 

Write  Pulse  Width 

ts 

t6 

20  20 

ISO, 
30 

nsmin 
nsmini . 

•  Btm^empstixati  ■""'Hi--''  '  ■■  >•'>■• 
-  j&m'BiMW'aiait:.  1.  iouli!  -  ■  .  w-i  3>.  -  ■ 

NOTES  ";' 

'Temperaturerangeasfollows;     JN,  KN  Versions:  0to+70°C 

SQ,  TQ  Vetsioiis:        -  55*C  10+125*0 

i'-  .  .i  i.  ^ 

•■j;is;.'-:«  .■  !f...-«ia4BB  bsflBi.--        .  ;■  ; 
Miffis  .-vi,-:;-  i-i.-'uxiaxsa  jafain  ■  !••  Sill  ; 

Specifications  subject  tS,i*«^tP(i*MJ  #»figea;i4Vv  -.'i-ti '  'Tf 

Il.-r  :!•■"'  ;  'iT  ''C 

:             ■  ■'         -.tie::  .i  Aii'         :•■ . 

•j:  Ji.!  f 

ABSOLUTE  MAXIMUM  RATfflPfteS^'^               '  '  ' 

■;;':,'> 

.Tf'.-K  'TliSi   ■  ' 

(Ta  =  25°C  unless  otherwise  stated) 

Vdd  (pin  26)  to  DGND  -0.3V,  +  17V 

Vss  (pin  27)  to  AGND   -15V,  +0.3V 

Vrefs  (pin  1)  to  AGND  ±25V 


Vrepf  (pin  2)  to  AGND   

Vrfb  (pin  3)  to  AGND  

Digital  Input  Voltage  (pins  8-25)  to  DGND 

VpiN4  to  DGND  

AGND  to  DGND  

Power  Dissipation  (Any  Package) 
To  +75°C  


.  .  ±25V 
.  .  ±25V 
-0.3V,  Vdi> 
-0.3V,  Vdd 
-0.3V,  Vdd 


 lOOOmW 

Derates  above  +  75''C^„,^5  .   10mW/°C 


Operating  Temperature  Range 

Commercial  Plastic  (J,  K  Versions)  0  to  +70°C 

Industrial  Ceramic  (A,  B  Versions)  ....  —  25°C  to  +  85°C 
Extended  Ceramic  (S,  T  Versions)  .  .  .  .  -55°Cto  +125°C 
Storage  Temperature   -65°C  to  -I-  150''C 

Lead  Temperature  (Soldering,  10  sees)  '.  .  .  +300°C 

^Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  sections  of  this  specification  is  not  implied.  Exposure 
to  absolute  maximum  rating  conditions  for  extended  periods  may  affect 
device  reliability. 


CAUTION 

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode 
prtjtected;  however,  permanent  damage  may  occur  on  unconnected  devices  subject 
to  high  energy  electrostatic  fields.  Unused  devices  must  be  stored  in  cohdiictive  foam 
or  shunts.  The  protective  foam  should  be  discharged  to  the  des^i%ti^  ^Jcet^^f^e 
devkesa^  tabbed'.  j>      .  svi  j;  .  i- 


ORDERING  GUIDE 


Tetapetatuts 

Relative 

Full-Scale 

Package 

Model 

Range 

Accuracy 

Error 

Option* 

AD7535JN 

0°Cto  +70°C 

±2LSB 

±8LSB 

N-28 

AD7535KN 

0°Cto+70°C 

±1LSB 

±4LSB 

N-28 

AD7535JP 

0°Cto+70°C 

±2LSB 

±8LSB 

P-28A 

AD7535KP 

0°Cto+70''C 

+  1LSB 

+4LSB 

P-28A 

AD7535AQ 

-25°Cto+85°C 

+2LSB 

+  8LSB 

Q-28 

AD7535BO 

-25°Cto  +  85°C 

±ILSB 

±4LSB 

Q-28 

AD7535SQ 

-55°Cto  +  125°C 

±2LSB 

±8LSB 

Q-28 

AD7535TQ 

-55°Cto  +  125°C 

+  1LSB 

±4LSB 

Q-28 

AD7535SE 

-ss-cto  +  ns'c 

±2LSB 

±8LSB 

E-28A 

AD7535TE 

-55''Cto  +  125°C 

±1LSB 

+  4LSB 

E-28A 

*E  =  Leadless  Ceramic 


Plastic  DIP;  P  =  Plastic  Leaded  Chip 


TERMINOLOGY 

RELATIVE  ACCURACY 

Relative  accuracy  or  end-point  nonlinearity  is  a  measure  of 
the  maximnm  deviatiiin  bom  a  straight  line  passing  through 
the  end-points  of  tbe  DAC  transfer  function.  It  is  measured 
after  «d)ii»tinfc|BSiaisftHB»nnd.  fuU  scale  error  «od  is  nomully 
expiesMcd  ia-1JBm1^t0fl''i*'1^  oTAill^ 
scale  reading.  ' 


DHHTIJU-TO-ANALOG  GLITCH  IMPULSE 
HwHiioiiiit  of  charge  injected  from  the  digital  inputs  to  the 
analog  output  when  the  inputs  change  state  is  called  Digital-to- 
Analog  Glitch  Impulse.  This  is  normally  specified  as  the  area 
of  the  glitch  in  either  pA-secs  or  nV-secs  depending  upon 
whether  the  glitch  is  measured  as  ■  cuncnt  or  voltage.  It  is 
measured  with  Vref  =  AGND. 


DIFFERENTIAL  NONLINEARITY 

Differential  nonlinearity  is  the  difference  between  the  measured 
change  and  the  ideal  ILSB  change  between  any  two  adjacent 
codes.  A  specified  differential  nonlinearity  of  ±  ILSB  max 
over  the  operating  temperature  range  ensures  monotonicity. 

FULL-SCALE  ERROR 

Full  scale  error  or  gain  error  is  a  measure  of  the  ouqmt 
error  between  an  ideal  DAC  and  the  actual  device  ouqmt. 
Full  scale  enw  is  adjustable  to  zero  with  an  wttrmal 
potentiometer. 


OUTPUT  CAPACITANCE 

This  is  the  capodtance  fimti  lour  to  AGND. 

OUTPUT  LEAKAGE  CURRENT 

Output  Leakage  Current  is  current  which  appears  at  Iqut 

with  the  DAC  register  loaded  to  all  O^s. 

MULTIPLYING  FEEDTHROUGH  ERROR 

This  is  the  ac  error  due  to  capadtive  feedthrough  from  Vkef 

tenninal  to  louT  ^vitli  DAC  legoter  loaded  to  all  zems,  , 


HN  CONFIGURATIONS 
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Pin  Function  DesGription— AD^^ 


Pin  Function 


1 

Vrefs 

2 

Vreff 

3 

RpB 

4 

loUT 

5 

Agnds 

6 

AoNDF 

7 

DGND 

g 

DB13 

9 

DB12 

10 

DBll 

11 

DBIO 

12 

DB9 

13 

DBS 

14 

DB7 

IS 

DB6 

16 

DBS 

17 

DB4 

18 

DB3 

19 

DB2 

20 

DBl 

21 

DBO 

22 

CSMSB 

23 

LDAC 

24 

CSLSB 

25 

WR 

Description 

Voltage  Reference  sense  pin 

Voltage  Reference  force  pin .  If  a  remote  voltage  reference  is  being  used  Ykeff  uxl  Vrefs  can  be  used  in  a  Kelvin 
configuTation  to  compensate  for  IR  drop  along  the  Vref  line.  See  Figure  7. 
Feedback  resistor.  Used  to  close  the  loop  around  an  external  op-amp. 
Current  Output  Terminal. 

Analog  groimd  sense  line.  Reference  point  for  external  circuitry.  This  pin  should  carry  minimal  current. 
Analog  ground  force  line;  carries  cuinint  Srora  internal  analog  groundoffimecitiions.  A^in»<^i^AiMsi*'^*'^ 
together  internally.  "      ^  ^     .  '.r.^',- 

Digital  Ground  ■^LT^^S?-  ■•^li'idL    ft>  . 

DataBitl3.DACMSB  " 

DataBitl2  Mtr«  uj^-j^ArM i  .-■  ■  .-ja-.  k         .:    1  ,■  ■.  .'i.  j  ■'i  i 

DataBitll  '  ' 

DataBitlO 

DataBit9 

Data  Bit  8 

DataBit7 

DataBSt6 

Data  Bits 

D«««Bit4  —  «         ; . 

DataBitS    !  H 
DauBit2 
Data  Bit  1 

Data  Bit  O.DACLSB 

Chip  Select  Most  Significant  (MS)  Byte.  Active  LOW  input. 
Asynchronous  Load  DAC  input.  Active  LOW. 
Chip  Select  Least  Si^iiificant  (LSt^e;  :Affive  LOW  input. 
Write  input.  Active  LOW. 


1 


CSAtSB  CSLSB  LDAC 

WR 

Operation 

'\' 

V 

Edad'MS  Input  Register  '  "^  '^^ 

1 

0 

0 
0 

1 
1 

0 
0 

Load  LS  Input  Register 
Ix>adA^.iuid.LSIi^Ut.^i$ters    y  . 

.'.."Wi'U  ri:x>)ir. 

..  '    ■  : 

1 

1 

0 

X 

Load  DAC  R£%i«e:ifirWiQ|»tRe^gflie^ 

>j.' 

.         /       iVMi  ~j 

0 

0 

0 

0 

All  Registers  are  trii^aii*  i--  -  ''  >^-'-'' 
No  operation 

E  J 

'1r 

rf'  -  int  c  ;,  >tii  .  •) 

■  ■r.y.   ■  J  -  cj7,:i,i 

1  ' 

1 

1 

X 

i 

X 

X 

.'  1 

1 

No  operation 

NOTE 

X  = 

Don't  Cue 

26       Vdd  +  12V  to  +  15V  supply  input 

is  pin  for  High  Temperature  Low  Leakage  configuration.  To  implement  low  leakage  system,  the  pin  should 
be  «  a  native  voltage.  See  Figure  4,  S ,  6  or  7  for  reconUBtiaded  ^fcMtty . 


.'■  J       i>>   11';  •.;  '  •■'•■ii.i-,'-  '  '•■ 


\J  I 


lSac 


<  - 


ov 

'  5V 
OV 

'  SV 
OV 

'  5V 
OV 


NOTES 

I.  AU.  INPUT  SIGNAL  RISE  AND  FALL  TIMES  MEASURED  FROM 
imTO«>%0F  +SV.t,=ti=20». 

1  TMNG  MEASUISinn' HEFSIENCE  LEVB.  B 

3.  £[EAC  is  ACTIVATED  PRIOR  TO  THE  RISIMG  EDQE  OF 

mTHEMrrk 


r  MUST  STAV  LOW  FOR  t,  OR  IjONQEII  AFTER^  GOES  HISH. 


Figure  1.  AD7S3S  Timing  Diagram 


11  1  1  1  1  1     1  1 


R/4 
I-VW-ORf, 


-OlouT 


Figure  2.  Simplified  Circuit  Diagrath  fgr  the  AB7S3S  D/A  Section 


CntCUITINFORMATION  -  D/A  SECTION  .1 
Figure  2  shows  a  simplified  circuit  diagram  for  the  AD7S35  '  ' 
D/A  aeetioii.  The  ibtit  AiSB's  of  the  14-bit  Data  Word  are 
decoded  to  drive  die  s^ven  switxhes  A-G.  The  11  LSB's  of  die 
Out  Wocd  eooiilt  of  im  R-^  ladder  openued  in  a  cunent 
ilccriiig  ooafignralxni. 

The  R-2R  ladder  current  is  1/8  of  the  total  reference  input 
current.  7/8  I  flows  in  the  parallel  ladder  structure.  Switches  A- 
G  steer  equally  weighted  currents  between  Iqut  AgndF' 

Since  the  ini>ut  resistanse  at  Vit^  i>  co»>t|nt,  it  may  be  diiyen 
by  a  voltage  aoUrce  or  'a  diiKnt  source  bCj^^ipKe  gr  il^|pti|ir<;. 
polarity. 

EQUIVALENT  CntCUTT  ANALYSIS 

Figure  3  shows  an  equivalent  circuit  for  the  analog  section  of 

the  AD7535  D/A  converter.  The  current  source  Ileakage  is 

composed  of  surface  and  juncdon  leakages.  The  resistor  Ro 

denotes  the  equivalent  output  iwiatancc  of  the  DAC  which 

varies  with  input  code.  Qxit  >■  dw  ciparitanre  due  to  the  current 

steering  switdies  and  varies  from  about  90pF  to  180pF  (typical 

Idtml  dipiMliBg  upon  the  digital  input.  g(Vimp,  N)  is 

lie  lltoMtttt  <i9luvalent  voltage  generator  due  to  die  refefCDoe 


>  AGNDF 

Figure  3.  AD7535  Equivalent  Analog  Output  Circuit 

input  voltage,  Vkef,  and  the  transfer  fimction  of  the  DAC  • 
ladder,  N. 

CIRCUIT  INFORMATION  -  DIGITAL  SECTION 
The  digital  inpuB  are  designed  to  be  both  TTL  and  SV  CMOS 
compatible.  All  logic  inputs  are  suae  protected  MOS  gates  with 
typical  input  currents  of  less  than  InA.  Internal  input  protection 
is  achieved  by  an  on-chip  distributed  diode  from  DGND  to 
each  MOS  gate.  To  «ninitniT>  power  supply  curtents,  it  is 
recommended  that  the  di|pM  ii^t  vcdtages  be  driven  as  close 
as  posriUe  to  0  and  SV  >a|ie  kmls. 
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Applying  the  AD7^5 


UNIPOLAR  UNASY  OPERATION 

(2-QUADRANT  MULTIPUCATION) 

Figure  4  shovre  the  drcuit  diagram  for  unipolar  binary  operation. 

With  an  ac  ii^at,  ilie  diciiit  petfenns  2  qnadnnt  nuiltiplicatioii. 

The  c6de  tiMe  for  Ftgure  4  B  given  in  TaHe  T. 

Capacitor  CI  provides  phase  compensation  and  helps  prevent 
overshoot  and  ringing  when  high  speed  op-amps  are  used. 
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Figure  4.  Unipolar  Binary  Operation 


Biaaiy  Number  In 
DACRcgiatcr 

Analog  OuQmt,  VouT 

MSB  LSB 

11  1111  nil  nil 

10  0000  0000  0000 

00  0000  0000  0001 

00  0000  0000  0000 

ov 

Table  I.  Unipolar  Bmary  Co^  Jfrifle  for  AD7535 

ZERO  OFFSET  AND  GAIN  M]IUS]!MBMI''  i!IHI  '  . 
FIGURE  4. 

Zero  Offset  Adjustment  .  7      . -t>i    -.^  >  ■" 

1.  Load  DAC  register  with  all  O's. 

2.  Adjust  ofEKt  of  UQ^ifier  Al  so  that  Vq  is  at  a  miniiwutn 
(i.e.  S30M.V). 

Gahi  Adjutmeiit 

1.  Load  DAC  register  with  all  I's. 

2.  Trim  potentiometer  Rl  so  that  Vo=  -Vin^!^!!!^ 

(16384) 

In  fixed  reference  applications,  fiill  scale  can  also  be  adjusted  by 
omitting  Rl  and  R2  ud  ttinmiiiig  the  i 
magnitude. 


For  high  temperature  applications  resistors  and  potentiometers 
should  have  a  low  Temperature  Coefficient.  In  many  applications, 
because  of  the  excellent  Gain  T.C.  and  Gain  Error  qxdfications 
of  the  AD7S3S,  Gain  Error  trimming  is  not  qecayary. 

BIPOLAR  OPERATION 
(4-QUADRANT  MULTIPUCATION) 

The  recommended  circuit  diagram  for  bipolar  operation  is  shown 
in  Figure  S.  OfEset  binary  coding  is  used. 

With  the  DAC  loaded  to  10  0000  0000  0000,  adjust  Rl  for 
Vq  — ov.  Alternatively,  one  can  omit  Rl  and  R2  and  adjust  the 
ratio  of  RS  and  R6  for  Vo=OV.  Full  scale  tnmjlliiig  can  be 
accomplished  by  adjusting  difr'iBlfittadB'tf  Va»^  by  varying 
thevahieof  R7. 

Resistois  RS,  R6  and  R7  should  be  ratio  matched  to  0.006%. 
Mismatch  of  RS  and  1^  oiuses  both  offset  and  full  scale 
When  oiierating  over  a^wide  temjienniff  range,  it  is  important 
that  the  resistors  be  cSi&e  saine  type  so  that  their  temperature 
coefiSdents  match.  | 

A  range  of  predsipn  vintage  dividers,  manufutured  by  ^nshay, 
offers  a  suitable  solulip^  to  implementing  the  bipolar  circuit 
described  above.  The  resistor  networks  are  TCR  and  Ratio 
Matched,  giving  |«cellent  performance  over  temperatiue. 

The<ee^  t^iil^lisr  Figuie  S  is  given  in  Table  II. 


Vdd 

1  (gV^ 

CSMSB 

AD7S35 

Ml 

1      DB13  -  M 

W  DGNO  Vm 

Figure  5.  Bipolar  Operation 


Biaaiy  Number  in 
DACRcgiater 
MSB  LSB 

Analog  OMpntVauT 

..'11  nil  nil  mi. 

+  VlN(|j^) 

10  oooo  0000  . OQOl 

10  0000  0000  0000 

OV 

01  mi  nil  nil 

00  0000  oooo  0000 

TMelL  mpobr Cede  TaUe  for OHiMt salary OKult of 
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GROUNDING  TECHNIQUES 

Since  the  AD7S3S  is  specified  for  high  accuracy  it  is  important 
to  use  a  proper  grounding  technique.  The  two  AGND  pins 
(AGNKF  ^^^^^^^^^gJodbiUty  in  this  respect.  In 
I'%iire  4,  liie  A£>7S3S  is  coimected  with  the  signal  ground  for 
^  load  located  dem  to  die  DAC.  Tha»^  ti6#ai8ibiB^ 
voltage  drop  along  the  s#U^&ttJ1iii&li>ildPMfilAMP  >') 


If  the  signal  ground  for  the  load  is  located  at  a  distance  from 
the  DAC  then  the  configuration  of  Figure  6  should  be  used.  A2 
compensates  for  the  error  due  to  IR  voltage  drop  between  the 

DAC's  internal  Analog  ground  and  the  load  signal  ground. 

at'iiKniquiL'rii  .»:i'.'.»if'i;    "Ji  -      ,       ■  ••  .  -  i.ji    ■«  ■  •  • 

HguK  7  aliaws  a  i!^q;«itrY<dtige.ieferieiice  #Mng  the  A07$3S- 
Qp^gun  A2  and  A3  compensate  for  voltage  drops  along  the 
i«£er£aaiSjM  Hhe  and  the  analog  ground  line. 


Fig^freMf  l/ii1(PSlar  Bitta^. Operation  with  Forced  Ground  for  Remote  Load 


ZERO  OFFSET  AND  GAIN  ADJUSTMENT  FOR 
FIGURE  6 

Zero  Offset  Adjustment 

1 .  Load  DAC  register  with  all  O's. 

2.  Adjust  offset  of  amplifier  A2  for  a  minimum  potential  at 
AGNDS.  This  potential  should  be  s30nV  with  respect  to 
Signal  Ground.  Adjust  offset  of  amplifier  Al  so  that  Vo  is  at 
a  minimum  (i.e.  ^30|iV). 

Gain  Adjustment 

1.  Lo«dDlACaegitt£riMMiUirs. 

2.  Trim  potentionieter  Rl  w  that  Vo=  T'Vw^^^^si.  ;  - 


Figure  7.  Driving  the  Ap7S35  with  a  Remote  Voltage 


Reference  I    ,  . 


OEOC  0.if»  Wx)  '15) 


VtiMnO  riatwa  IkAO  ttit  jAMX  VteoTi 
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LOW  LEAKAGE  CONFIGURATION 
For  CMOS  Muldpljniig  D/A  conveners,  as  the  device  is  operated 
at  higher  temperatures  the  output  leakage  current  increases.  For 
a  14-bit  resolution  system,  this  can  be  a  significant  source  of 
txfoc.  The  AD7S3S  features  a  leakage  reduction  configuration 
(phtent  landing)  to  keep  the  leakage  current  low  over  an  extended 
temperature  range.  One  may  operate  the  device  with  or  without 
this  configuration.  If  Vss  (pin  27)  is  tied  to  Agnd  then  the  DAC 
will  exhibit  normal  output  leakage  current  at  high  temperatures. 
To  use  the  low  leakage  facility,  Vss  should  be  tied  to  a  voltage 
of  approximately  —0.3V  as  in  Figures  4,  S,  6  and  7.  A  simple 
resistor  divider  (R3,  R4)  produces  approximately  —  300mV  from 
—  15V.  The  capacitor  C2  in  parallel  with  R3  is  an  integral  part 
of  the  low  leakage  configuration  and  must  be  4.7^.F  or  greater. 
Figure  8  is  a  plot  of  leakage  current  versus  temperature  for  both 
conditions.  It  clearly  shows  the  improvemoM  gaaed  by  nsiog 
the  low  leakage  configuration. 

'      i  I 

OP-AMP  SELECTION 

In  choosing  an  amplifier  to  be  used  with  the  AD7535,  three 
parameters  are  of  prime  importance.  These  are  (1)  Input  Offset 
VilUgtf^^;r^ffi^^^tmia  current  Gb)}  (3)  Of&et  Vcdi^ 


60 

1  50 

I 

Z  40 


Drift  (TC  Vos).  "^o  tnaintain  specified  accuracy  with  Vref  at 
lOV,  Vos  must  be  less  than  30(i,V  while  Ib  should  be  less  than 
2nA.  It  is  important  that  the  amplifier  Open  Loop  Gain,  Avol, 
be  sufBdently  large  to  keep  Vos  ^30)iV  for  the  full  output 
voltage  range.  For  a  maTimnm  output  of  lOV,  Avoi.  must  be 
greater  than  340,000.  ,'.  . 

The  AD  OP-07  series  of  t^-amps  have  a  very  knr  Vos  .(2S|i>V)  . 
and  can  be  used  as  the  ouqmt  amplifier  for  thcs  AD7S3S  mthout 
any  external  adjostmcDt  of  Offset  Voltage.  In  the  Forced  Ground 
configuration  of  Fignre  6,  oie  can  use  an  AD  OP-07  for  anqdificr 
A2.  Settling  time  to  0.003%  for  the  AD  OP-07  is  typically  greater 
diao-SO|>a.-  

For  &ster  settling  time,  one  can  use  the  ADS44  series  of  op 
amps.  Typically  this  settles  n>  0.003%  (14-bits)  in  S|U.  Even 
&(tersetliiiiglm-cmtejtSueveduinii^tbe  | 
i4>-amp8.  -      -  -  1 

For  operation  over  a  wide  temperature  range  Offset  Voltage 
Drift  and  Bias  Current  Drift  are  critical  parameters.  The  OP-27 
and  OP-37  series  of  op-amps  exhibit  extremely  low  Ofiset  Voltage 
Drift  and  the  AI)S44  has  very  low  Bias  Currou  Drift. 
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iWgSfii'M  Graph  of  Typical  Leakage  Current  vs  Temperature  tor  AD7S3S 
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MICROPROCESSOR  INTERFACING 
AD7S3S  -  8086A  INTERFACE 

The  versatility  of  the  AD7535  loading  structure  allows  interfacing 
to  both  8-  and  16-bit  microprocessor  systems.  Figure  9  shows 
the  8086  16-bit  processor  interfacing  to  a  single  device.  In  this 
setup  the  double  buffering  feature  of  the  DAG  is  not  used. 
AD0-AD13  of  the  16-bit  data  bus  are  coimected  to  the  DAC 
data  bus  (DBO-DBB).  The  14-bit  word  is  written  to  the  DAC 
in  one  MOV  instruction  and  the  analog  output  responds  im- 
mediately. In  this  example  the  DAC  address  is  BOOO.  'Ar'ti^fMaie 
routine  for  Figure  9  is  given  in  Table  III.  - 


ADDRESS  BUS 


16-BIT  LATCH 

'  IB'  r 

AD7535' 

0Ba-0B13 


Figure  9.  AD7535  -  8086  Interface  Circuit 

In  a  multiple  DAC  system  the  double  buffering  of  the  AOI53[5 
allows  the  user  to  ninnilwrneoiiiily  update  all  DAC's.  In  Figure 
10,  a  14-bit  ntttd  u  loaded  to  lia  Input  Registers  of  each  of  the 
QACi  m  aequenee.  TTte^  with  oge  instructiap  to  die  mxoptiate 
address,  CS4  0.e.  LDAQ  is  bmigftt  low,  iipi^^  ali%e  DACs 
simultaneously.  \ 


ADDRESS  BUS 


16-B!T  LATCH 


1  r 


AD7535* 
0B0-OB13 


CSM5B 
CSLSB 
LOAC 

wn 

AD7535* 
DB0-0B13 


CSLSB 
LOAC 


A0753S- 
DB0-DB13 


Figure  10.  AD7S3S -S8086  Interface:  Multiple  DAC 
System  *^ 


ASSOME  DS:  DACLOAD,  CS  :  DACLOAI^ 
'  '    DACtOAO  SEGMENT  AT  000 


00 

8CC9 

MOVCX.CS 

:    DEFINE  DATA  SEGMENT  REGISTER  EQUAL 

02 

8ED9 

MOVDS,CX 

:    TO  CODE  SEGMENT  REGISTER 

04 

BFOODO 

MOV  DI,  #  DODO 

:    LOAD  DI  WITH  DOOO 

07 

C705"YZWX" 

MOVMEM,*YZWX" 

:    DAC  LOADED  WITH  WXYZ 

OB 

EAOOOO 

:    CONTROL  IS  RETURNEDTO THE 

OE 

OOFF 

MONITOR  PROGRAM 

Table  HI.  Sample  Program  for  Loading  AD753S  from  8086 
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AD7S3S  -  MC68000  INTERFACE 

Interfacing  between  the  MC68000  and  the  AD7535  is  accomplished 
using  the  circuit  of  Figure  11.  The  following  routine  writes  data 
to  the  DAC  input  te^Mera  and  then  saQnits  die  data  via  the 
DAC  register. 


Tlie  desired  DAC  diu,  W,  is  loaded  into 
Dau  Register  0.  W  may  be  my  nine 
between  0  and  1 6383  (dcdnul)  or  0 

and  3FFF  (hexademical). 

The  data  W  is  transferred  between  DO 

and  the  DAC  Register. 

Control  is  returned  10  die  Sy«lem 
Monitor  Program  nang  thae  tm 


DIGITAL  FEEDTHROUGH 

In  the  preceding  interface  configurations,  most  digital  inputs  to 
the  AD7S35  are  directly  coimected  to  the  microprocessor  bus. 
Even  when  the  device  is  not  selected,  these  inputs  will  be  constantly 
changing.  The  high  frequency  logic  activity  on  the  bus  can  feed 
through  the  DAC  package  capacitance  to  show  up  as  noise  on 
the  analog  output.  To  minimize  this  Digital  Feedthrough  isolate 
the  DAC  from  the  noise  source.  Figure  13  shows  an  interface 
circuit  which  physically  isolates  the  DAC  from  the  bus.  One 
may  also  use  other  means,  such  as  periphen^ilterfue  devices, 
to  reduce  the  Digital  Feedthrough. 


MOVE.B 


*2284>7 


Figure  13,  AD7S35  Interface  Circuit  Using  Latches  to 
Mirtimize  Digital  Feedthrough 


Figure  1 1.  AD7535  -  MC68000  Interface 
AD7535  -  Z80  INTERFACE 

Though  the  AD7535  is  primarily  intended  for  use  either  with 
16-bit  microprocessors  or  in  stand  alone  appUcations,  it  can  also 
be  interfaced  to  8-bit  processor  systems.  Kgme  12  isMlHMMiSe 
circuit  for  the  Z80  microprocessor. 


IT 


AD7535- 
DB8-t>B13 


Figure  12.  AD7535  -  Z80  Interface 
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2-47S  DIGITAL-TO-ANALOG  CONVERTERS 


ANALOG 
DEVICES 


LC^MOS 


14-Bit  (iP  Compatible  DAC 


AD7536 


FEATURES 

Full  4-Quadrant  MtllMpllMtion  witMllft'lxternal  ' 

Resistors  ., 
All  Grades  14-0f|-|^[|n<^nie  ovw  the  Full  Tamparature 

Range 

Low  Output  Leakage  (<20nA)  ovw  thaiFull  <- 
Temperature  Range 

Low  Gain  TemperatOfa!  do^HcMdC^I^S^i^  -   

APPUCATIONS 

Control  and  Measurement  in  High  Temperature 
Environments 

Digital  Audio   "fZil''   * 

Precision  Servo  Control 
All  Mict(^i!0«iii|wl«iiid  #cMtrol  Syi^e^s 


n.a 


GENERAL  DESCtOlhritON 

The  AD7S36  is  a  14-bit  monolithic  CMOS  j>/A  converter.  The 
pan  is  laser  trimnuidiaKl  spedfiednn  a  dedkated  bipolar  DACr 
The  resistors  needed  for  4-quadrant  multiplication  are  contained 
on  the  diip.  Thus,  the  user  requires  only  the  AD7S36,  a  voltage 
leference  and  two  op-amps  for  bipolar  operation.  The  AD7536 
has  the  same  low  leakage  configuration  (patent  pending)  as  the 
other  members  of  the  14-bit  CMOS  DAC  family.  The  excellent 
output  leakage  current  characteristics  also  ensure  exceptional 
stability  of  linearity  and  gain  error  over  the  full  temperature 
range. 

The  device  is  speed  compatible  with  most  mictOprocessors  and 
accepts  TTL  or  SV  CMOS  logic  level  inputs.  There  is  standard 
Cliip  Select  and  Memory  Write  logic  for  easy  interfacinl;,  The 
AD7536  has  full  protection  against  CMOS  "latch-up"  phenomena 
and  does  not  require  the  use  of  external  Schottky  diodes  or  the 
use  of  a  PET  Input  op-amp. 


FUNCTIONAL  BLOCK  DIAGRAM 


I— @> 


A07S36  > 


PRODUCT  HIGHLIGHTS 

1.  Bipolar  Operation 

The  AD7536  gives  the  user  4-Quadrant  Multiplication  without 
any  external  resistors. 

2.  Guaranteed  Monotonicity 

14-bit  monotonicity  i«  giiaranno/l  t»mr        fittf  ntmpi^nm 

range  for  all  grades. 

3.  Low  Output  Leakage  «n  !  »  •  'i 

The  device  has  excellent  output  leakage  eMeat  diaracteristics 
at  all  temperatures. 


PIN  CONFIGURATIONS 
DIP 

— 


[T 
v„  [T 

Rn  [T 

louT  [±_ 

AGNDS  [T 

AGNDF  [T 
DGND 

(MSB)  DB13  [s^ 

DB12  [T 

DB11  flO 

0810  ^ 
DBS 

DBS  Q£ 

DB7  [l7 


i  J  J  S  >» 


25 

m 

E 

24 

CSCSB  AQNDF 

E 

23 

LDAC  W3ND 

E 

22 

CSnSi    (MSB)  DB13 

E 

21 

DBO ILSB) 

E 

20 

DB1  DB11 

[» 

19 

DB2  DB10 

01 

3 
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AD7536-SPECIFICATI0NS 


Id  +15.79^,  Vv=  +m)^t=»HB=W.  VW=  -SOOmV. 


J.A 


K,B 


Test  Conditiom/Comnieiitit  . 


ACCURACY 
Resolution 


lLSB  =  2V»n^2" 


^  Rehoive  Accural 

±2 

£l 

±2 

±1 

LSBniu 

AU  grades  guuanued  moooconic 

±  I 

±1 

±  1 

LiSsmut 

over  tempentufc. 

16 

'''8 

16 

Measured  using  internal  ^^^ind 
includes  effects  of  leakage 
cuirent  and  gain  T.C 

±4 

±4 

±4 

±4 

gflfeeireaigtoc.  It  abo  includes  leakage 

current  tp  louT  >nil  is  measured  when 

t' 

DACis  loaded  widi  all  0*s'.' 

Gain  Tan[«entun  Cd^5denl^,  ^ 

I 

AGain/ATemperature 

±5 

±5 

l^xn^awt''. 

Typical  Valve  is  2ppnirC 

OCBkc  Tempencure  CoefBden^ 

±5 

si2.S        '  ! 

±5 

±2.5 

Ty^ocalValueis  l0>m/°C 

Dmrr  RESISTANCES 

Vutpl^Nit  Resistance,  Pin  2 

3 

3 

3 

3 

kHmin 

Typical  Input  Resistance  =  6kn 

13 

13 

13 

13 

kilmax 

ViNv  Input  Resistance,  Pin  28 

2 

2 

2 

2 

knmin 

Typical  IniHit  Resisumce = 4kO 

S 

8 

kOnux 

DIGITAL  INPUTS 

*  IH  kUipUI  "Vn  YVWK^i 

Vn.  (Input  LtArVoUweX.  | 

2.4 

2  4 

0.8 

0.8 

Vmax 

IiN  (Input  Curttnt)"1      \.  ^ 

+  25°C              1^—^  j 

±1 

±1 

±1 

p.A  max 

VM=OVorVDD 

— qtm— '  : 

±10 

±10 

±10 

^Amax 

CrN  (Input  Capacitance)' 

7  ■ 

7 

•7'  ■ 

pFmn 

POWER  SUPPLY 

 H  'i  •-  1    .  ' 

— ^- —  r.  

•  Ui.4/lS.75 

I1.4/15.7S  .' 

11.4/15.75 

ims.75- 

■  VmJVma'  ■ 

Specification  gflMittitecdoTBr 

Vss  Range 

^20»-500 

-2fl(V-500 

-20(V-500 

'  mVBkinWV.niu' 

thisEangei 

Idd 

4 

4 

4 

.mAnuEK  ,  , 

All  digiol  inputs  ViLor  ViH 

SCO 

SOO 

SOO 

All  digital  ii^utt  OV  or  Vdd 

Power  Supply  Rejection 

AGain/AVoD 

±0.02 

±0.02 

±0t02 

AVdd = Voomax- Vdd  >^ 

Aft  nrnrnniaAMnr  nuanAnTrni  on  n  p       characteristics  are  included  for  Design  Guidance  only  and  are  not  subject  to  tut 

AU  rtKrUKMANbt  LHAKALI  bnlol  ILo    = +ii.4vto  +i5.75v,Vpef= +iov,Vp,„=Vp,K5=ov,V3s=ovoR  -aoomv.) 


Ti,=e'>CTA=T«s„T. 


Unitt 


Test  Conditions/Coniments 


CunentSMdingUme 


Digtial-tivAiialog  Oitcfa  ^^alx 


Multiplying  Feedthrough  Error* 

Output  Capacitance 
CotjT^Kli4) 

Output  Noise  Voltage  Density 
(lOHz-lOOkHz) 


50 


260 


iwiau,  ToO.(X)3%offullscaleiange. 
I  .      ,ii       IouTload  =  lOOn, 

Cext^  13pF.  DAC  register  altematdy 

loaded  with  alll 's  and  all  O's. 

Typical  value  of  Settling  Time 

is0.8|U. 

saVrsecQfp  MasiKcdnidiViiEp=OV.Ie(n'load 
=  10bO,CE3n-=  UpF.  OAC 
register  alternately  loaded  with  all 
TsandallO's. 

mVprptyp  Vkef=  =^10V,  lIcHzsiiiewave 

'  DACiQSistetloadedwithlOOOOOCOQO 

DAC  register  loiKtHiwitliaal'a 
pFmaX   i>  DAC  register  loadied  with  all  O's 

nV/VHz;typ        Measured  between  RpB  and  loirr 


0000 


I 


NOTES 


J,  K  Versions: 
A,  B  Versions: 
S,TVersioil!>: 


OIK) 


Oto+70''C 
-25Xto+85X 

^^^t9+l^%  ,  ■■■■  (■- 

^Specifications  are  guaranteed  for  a  Vdd  of-  +  I1.4V  to>4-l$;».  At  Vj^o  <^  W.  ^e^^fV^  ^lEi^ 
^GuaranteedbyProductAssurancctcsting.  '    ■  < 

^Feedthrough  can  be  fm ther  reduced  by  connecting  the  metal  fid  cm  the  ceramic  pacta^  to  DO>7D. 
Specifications  subject  to  change  without  notice . 
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TIMING  CHARACTERISTICS 


(Vn=  +11.4Vto  +15.7SV.  Vkf=  +10V,VnH=VpH=flV,Vs=nor  -300mV 
Ml  specflkations    to  T,n„  uitos  odnnite  sbtBd.  ^ 


Limit  at 
Ta=25°C 


Limit  at 

TA=Oto  +70°C 
TA=-25^to+85°C 


Limit  at 

Ta=  -SSXto  +  U5'C  Units 


ti 
<4 


0 
0 

170 
170 
140 


0 
0 

200 
200 
160 
,20 


0 
0 

240 
240 
180 
30 


mmm 
nsmin 

nsmin 
nsmin 


CSMSBorCSLSBto\WtSempTini^ 
CSMSBorCSLSBtoWRHoldTim^ 

LDAC  Pulse  Width  , 
Write  Pulse  Width  . 


Data  Setup  Time 


Spedficatknu  sul^ect  to  diange  widiout  notice. 


NOTES 

1.  AU  INPUr  SIGNAL  RISE  AND  PALL  TIMES  MEASURED  FROM 
10%  TO. 90%  OF  +5V.  t,=t,=20ns, 

2.  TIMING  MEASUREMENT  REFERENCE  LEVEL  IS  ^^1!^^-^ 

3.  JFLOAC  ISACnVATED  emon  TO  TMEMSING  BIGE  OF 

WR.  THEN  IT  MUST  STAY  LOW  FOR  t,  OR  LONGER  AFTER  Wf^iGOES  HIGH. 


Figure  1.  AD7536  TiMifgUmHtAh  --  s 


GAIN  ERROlt 


OFFSET  ERROR 


:3  ■  )  ■-■■..^ 


* 

IMCUMUIED 

IMiliu.  1-s 

mnq  bov  ■  ■ 
118  e  amii  tK  <:^. 

-  'iW-^sr- 

ANALOG  OUTPUT 

Figure  2.  AD7536  Transfer  Function 


.^r  ;i  Ji  '-.i  'I 
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ORDERING  GUIDE 


Temperature 

Relative 

Full  Scale 

Package 

Model 

Range 

Accuracy 

Error 

Option* 

AD7536JN 

0°Cto  +70°C 

+  2LSB 

±  16LSB 

N-28 

AD7536KN 

0°Cto+70°C 

±1LSB 

±8LSB 

N-28 

AD7536JP 

0°Cto  +70°C 

+  2LSB 

±  16LSB 

P-28A 

AD7536KP 

0°Cto  +70°C 

±1LSB 

+  8LSB 

P-28A 

AD7536AQ 

-25Xto  +85°C 

±2LSB 

±  16LSB 

Q-28 

AD7536BQ 

-25°Cto+85°C 

+  1LSB 

±8LSB 

Q-28 

AD7536SQ 

-55°Cto  +  125°C 

±2LSB 

±  16LSB 

Q-2g 

AD7536TQ 

-55°Cto  +125°C 

±1LSB 

+  8LSB 

Q-28 

AD7536SE 

-55°Cto  +  125°C 

±2LSB 

±  16LSB 

E-28A 

AD7536TE 

-55°Cto  +  125°C 

+  1LSB 

±8LSB 

E-28A 

*E  =  LaKjk»CenmicCI#Cn«r;N  =  Plastic  DIP;?  =  PUndcLcatalChi^Cnia: 
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(Ta= 25*C  unless  otherwise  stated) 

VBD  (^26jto  DGND  i  ......  .  -  0.3V,  +17V 

V^TiffilTJtoAGNff  ...........  .  :-m,  +0.3V 

Vref  (pin  2)  to  AGND  ±25V 

ViNv  (pin  28)  to  AGND   ±  25 V 

RiNT  (pin  1)  to  AGND  ±  25V 

Rfb  (pin  3)  to  AGND  +  25V 

Digital  Input  Voltage  (pins  8-25)  to  DGND   .  .     -0.3V,  Vdd 

Vp,N4  to  DGND  .  .  .  .    -0.3V,  Vdd 

AGND  to  DGND  ....  '..'.V';  .  '.'f   -0.3V,  Vdd 

Power  Dissipatiom  (Any  pa^ia^) 

To  +75°C  ...  .   lOOOmW 


Operating  Temperatiu'e  Range 

Commercial  Plastic  (J,  K  Versions)  0  to  +70°C 

Industrial  Ceramic  (A,  B  Versions)  ....  -  25°C  to  +  85°C 
Extended  Ceramic  (S,  T  Versions)  ....  —  55°C  to  +I25°C 
Storage  Temperature  -eS°C  to  +150°C 

Lead  Tempoatuie  (Soldedngj  10  sees)  <  .  .  ^300°C 


*Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  fimctional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  tHinpendoad  secdmis  of  tfaargpccifiratiwi  is  not  impEei.  Enfoaae  tH 
^btol^  nmiuBuu  mhig  conditiofeis  for  extended  periodrmqr  aifect  device 


WARNING!  ^-<1 


CAUTION   

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protect- 
ed; however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy 
electrostatic  fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  He  protective- 
foam  should  be  discharged  to  the  destination  socket  before  devices  are  removed.  , 


TERMINOLOGY 

LEAST  SIGNIFICANT  BIT  (LSB) 

This  is  the  analog  weighting  of  1  bit  of  the  digital  word  in  a 

2Vref 


DAC.  For  the  AD7S36  ILSB 


2>« 


RELATIVE  ACCURACY 

Relative  accuracy  or  end  point  nonlinearity  is  a  measure  of  the 
maximimi  deviation  from  a  straight  line  passing  through  the 
end-points  of  the  DAC  transfer  function.  It  is  measured  after 
adjusting  for  both  endpoints  (i.e.,  Offset  and  Gain  Error  are 
adjusted  out)  and  is  normally  expressed  in  Least  Significant  Bits 
or  as  a  percentage  of  full  scale  range. 

DIFFERENTIAL  NONLINEARITY 

Differential  naObleuiiy-ls^iliedi^senefe'  beoliSisSAe  measured 
change  and  the  ideal  IL^  diange  between  atqr  two  adjacent 
codes.  A  s^Kcified  diflfeicotial  nonKneariry  of  -t-lLSB  max  over 
the  (qjetating  tempeiatnie  lange  ensuies  nuMKHaaidiy. 

GAIN  ERROR  j,nf.>^: 
Gain  error  is  a  measure  of  the  OBqait-ennE-hBfBfa  tn  ideal  . 
DAC  and  the  actual  device  ont^p(,|^  ^^h^^^ll^'iS^^.-'Si 
offset  error  has  been  adjusted  a^,i^$  paor  I^I^t'^^^^'''. 
zero  with  an  external  potentiometi^f  ' 


c^pr^rratRpjt  

Ofii^  ettot  h  a  meiuUie  of  the  mismatch  between  Rjsb  and  the 
i&nal  cffiS  tes^tsxe,  ]R<His.  It  also  i&cludes.^tlte  leakage  com- 
ptmetscfem  the  DAC  (see  Figure  8).  Ii  is~  pesent  Sit  aU  c^es 
and  is  expressed  in  Least  Significant  Bits.    '  ' 

D](GITAL-TO-ANALOG  GLITCH  IMPULSE 

The  amoimt  of  charge  injected  from  the  digital  inputs  to  the 
analog  output  when  the  inputs  change  state  is  called  Digital-to- Ana- 
log GUtch  Impulse.  This  is  normally  specified  as  the  area  of  the 
glitch  in  either  pA-secs  or  nV-secs  depending  upon  whether  the 
gUtch  is  measured  as  a  current  or  voltage.  It  is  measured  with 
Vref  i  AtJNI). 

OUTPUT  CAPACITANCE 

This  is  the  capacitance  from  Iqut  to  AGND. 

LEAKAGE  CURRENT 

Leakage  current  flows  into  lour  from  the  14-bit  DAC  when  all 
the  DAC  switches  are  off.  It  contributes  to  the  Linearity,  Gain 
and  O&et  enor  (see  Figure  8). 
">f.Hl^  l!fl:) 
-MtO^m^YING  FEEDTHROUGH  ERROR 
Thiaacitte  ac  error  due  to  capacitive  feedthrough  from  Vref 
^  wtt  DAC  leester  loaded  with 

r-jsr  
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Pin 
1 

2 
3 
4 
5 
6 

7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 


Function 

RiNT 

Vref 
Rfb 

loUT 

Agnds  ,  . 
Agndf 

DGND 

DB13 

DB12 

DBll 

DBIO 

DB9 

DBS 

DB7 

DB6 

DBS 

DB4 

DB3 

DB2 

DBl 

DBO 

CSMSB 

LDAC 


CSLSB 


Description 

Contact  point  for  internal  resistors  Rl  and  R2  which  perform  the  inverting  function  on  Vkef  with  external 
op-amp.  See  Figure  3.     _  _ 

Reference  input  to  the  DAC.  It  is  internally  connected  to  Rofs  ^nd  R 1 .  See  Figure  3. 
Feedback  resistor.  Used  to  close  the  loop  around  an  external  op-amp. 
Current  Output  Terminal . 

Analog  ground  sense  line.  Reference  point  for  external  circuitry.  This  pin  should  carry  minimal  current. 
Analog  ground  force  line;  carries  current  from  internal  analog  ground  connections .  Agndf  and  Aqnds  ve  tied 
together  internally.  j 

DigitalGround  ,  „  »    -  ;       .-   I 

DataBitl3.DACMSB^   ^  .  ^      *  ^_ 

DataBitl2.  '      '  '  '    '  " 

Data  Bit  11 
Data  Bit  10 
DataBit9  . 

DataBit8  _„..,.   -  _     ,,_    ..  .  

Data  Bit  7 
Data  Bit  6 
Data  Bit  5 
Data  Bit  4 
Data  Bit  3 
Data  Bit  2 
Data  Bitl 

Data  Bit  0.  DAC  LSB 

Chip  Select  Most  Signiflcant  (MS)  Byte.  Active  LOW  input. 
Asynchronous  I^dfDAC input.  Active  LOW. 
Chip  Select  Least  ^^sificant  (LS)  Byte.  Active  LOW  input. 
Write  input.  Active  LOW.  "  , ; :  ; . 


CSMSB  CSLSB  LDAC  WR 


Operation 


0 

1 

1 

0 

Load  MS  Input  Register 

1 

0 

1 

0 

Load  LS  Input  Register 

0 

0 

1 

0 

Load  MS  and  LS  Input  Registers 

1 

1 

0 

X 

Load  DAC  Register  from  Input  Registers 

0 

0 

0 

0 

Ail  Registers  are  transparent 

1 

1 

1 

X 

No  operation 

X 

X 

1 

1 

No  operation 

NOTE 

X  = 

DtoVtare  ' 

V-'  '  •".Ml" 


26 

Vdd 

27 

Vss 

28 

V,NV 

Power  supply  input.  Specifications  apply  for  Vdd  =  +  12V  ±5%  to  +  15V  ±5%. 

Bias  pin  for  High  Temperature  Low  Leakage  configuration.  To  implement  low  leakage  system,  the  pin  should 

be  at  a  negative  voltage.  See  Figure  5  or  6  for  recommended  circuitry. 

This  pin  must  be  connected  to  the  output  of  the  external  inverting;  op-amjp.  See  Figure  3 . 
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Figure  3.  Simplified  Circuit  Diagram  of  the  AD7536 
D/A  Section  Showing  Connection  of  External  Op-Amps 


CIRCUIT  INFORMATION  -  D/A  SECTION 
Figure  3  is  a  simplified  circuit  diagram  of  the  AD7536  D/A 
section  and  it  also  shows  the  external  op-amp  connection.  The 
device  is  a  14-bit  DAG  with  three  extra  resistors  on  chip  for 
bipolar  operation.  It  is  contigured  so  that  the  coding  is  Offset 
Binary.  The  14-bit  DAC  consists  of  an  R-2R  ladder  for  the 
lower  eleven  bits  (switches  S&-S10).  The  three  MSB's  are  decnded 
to  drive  switches  A-G  iscqngntinlly.  Each  ^  tbeK  caccies  an 
equally  weighted  current  whi^  is  abo  ei^al  10  tbe  current  in 
the  R-2R  ladder.  Rops  l>as  the  same  magoteiie  as  Rfb  so  that 
the  output  is  offeet  by  a  constant  -Vsift^WtRl  (together 
with  raoemal  op-amp  Al)  invert  Vbbp  and  apply  it  to  the  14-bit 
DAC  (ViNv).  See  Table  I  for  complete  Ofiiset  Binary  Code 
Table. 

To  eliminate  any  slight  variations  in  analog  ground  potential 
with  changing  code,  there  are  two  analog  groimd  pins.  AGNDF 
sinks  all  the  current  flowing  through  the  switches  to  ground 
while  AGNDS  is  used  as  a  reference  point  with  minimal  current 
flowing  in  it.  Figure  3  shows  A3  maintaining  AGNDS  at  Signal 
Ground.  The  connection  of  AGNDS  and  AGNDF  may  be  chailged^ 
depending  on  required  system  accuracy  and  output  drive  re- 
quirements (see  F^mes  5  and  6).       .        ^  ^  ^ 

mVWt^i^'iMt&it  ANALYSIS 
Figure  4  draws  an  eqiiiralent  output  circuit  for  the  analog  section 
of  the  AD7S36  D/A  ceovener.  The  tummt  iaiust  Ileakage  u 
composed  of  surface  and  junctton  le^Eages.  Tke  teauoc  RO 
denotes  the  equivalent  output  resistance  of  the  TiAC  and  associated 
resistors.  This  varies  with  input  code.  Cotjr  is  ^  capacitance 
due  to  the  current  steeriiig  switshes  and  varies  from  about 
90pF  to  ISOpF  (tyi»cal  values)  depending  on  the  digital  iqput. 
g(VREF>      is  the  Tbemoin  gquivaknt  voltage  generator  due 
to  the  reference  infmt  vailagej  Vkefi  foA  the  circuit  uiaaafa 
fiwcticHi,  N. 


Figure  4.  AD7536  Equivalent  Analog  Output  Circuit 

>.!  !    !  > 

CIRCUIT  INFORMATION  -  DIGITAL  SECTION 

The  digital  inputs  are  designed  to  be  both  TTL  and  SV  CMOS 
compatible.  All  logic  inputs  are  static  protected  MOS  gates  with 
typical  input  currents  of  less  than  InA.  Internal  input  protection 
is  achieved  by  an  on-chip  distributed  diode  from  DGND  to 
each  MOS  gate.  To  minimize  power  supply  currents,  it  is  re- 
c6mm^ded  that  the  digital  input  voltages  be  driven  as  close  as 
possible  to  0  and  SV  logfn  ^vels. 
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Applying  the  AD7536 


LDAC  O 

~v£ 

LDAC 

CSMSB  O 

""@ 

CSMSB 

WRO 

~@ 

WR 

CSLSBO 

CSLSB 

Figures.  AD7S36 Operation 


BIPOLAR  OPERATION 
(4-QuadTant  Multiplication) 

Figure  5  shows  the  AD7536  connected  for  bipolar  operation. 
Specified  accuracy  is  attained  without  the  need  for  expensive 
closely  matched  external  resistors.  Rl  and  R2  provide  an  optional 
gain  adjustment  and  capacitor  CI  helps  prevent  overshoot  and 
ringing  when  high-speed  op-amps  are  used.  The  —  300mV  bias 
voltage  for  Vss  is  derived  from  R3,  R4  and  C2.  Op-amp  A3 
(Figure  3  and  Figure  6)  is  omitted  from  Figure  5.  AGNl^SlUSld'  ' 
AGNDF  are  externally  shorted  to  Signal  Ground. 

Table  I  shows  the  Offset  Binary  Code  Table  obtained  with  the 
circuit  of  Figure  5.  It  should  be  noted  that  the  user  can  get  a 
2's  Complement  fijii^^^Bn^n  ^ji^Ter!tM^^tl||;^Ai|^  .of  the 
DACword.  ■  -    •       -    -  ■  ^■ 


OFFSET  AND  GAIN  ^JUSTMENT  FOR  FIGURE  5. 

Offset  Adjustment 

1.  Adjust  offset  of  amplifier  Al  so  that  potential  at  Rdjt  is 
<10(iV  with  respect  to  Signal  Groimd. 

2.  Load  DAC  register  with  10  0000  0000  0000. 

3.  Adjust  offset  of  amplifier  A2  until  Vq  =0V  (<10|iV). 

Gain  Adjustment 

1.  Load  DAC  register  with  all  I's. 

(8191) 

2.  Trim  potentiometer  R2  so  that  Vo=  +  Vp^  L,-,; 

For  higb'len^mtace  appiicBtions,  lesistois  iuld  potentiuajeiers  ■ 
should  have  a  low  TanpisittujreCoeffident.  In  many  applicatiras, 
because  of  the  excdlent  OBaet  Error,  Full  Sade  Error  and  Gain 


Binary  Number  in 
DAC  Register 

AaahvOii^ntVouT 

MSB  LSB 

II  nil  nil  nil 

+  ^«N(fTM) 

10  0000  0000  0001 

+  Vin(8i52) 

10  0000  ooao  0000 

ov 

00  0000  0000  0001 

-vin(IIII) 

00  0000  0000  0000 

-Vin(IjII)  =  -ViN 

iSlGITAt^tO-ANALOCj  CONVERTERS  2-485 


VOLTAGE  ^ 
REFERENCE  ° 


GWP 


note; 

control  inputs  omitted  for  clarity 


Figure  6.  AD7536  Operation  witfi  Forced  Ground 


GROUNDING  CONSIDERATIONS 

In  the  circuits  of  Figures  5  and  6,  with  Vref  —  +  WVj  1138 
has  a  value  of  1.2mV.  So,  factors  which  are  not  important  in 
less  accurate  systems  must,  in  this  case,  be  given  careful  consid- 
eration. Among  these,  the  whole  question  of  grounding  is  crucial. 
Voltage  reference  ground,  the  Iout  pm  on  the  DAC,  the  nonin- 
verting  pin  of  Al  and  SIGNAL  GROUND  must  all  be  at  the 
same  potential.  Note  that  in  Figure  5,  AGNDS  and  AGNDF 
are  externally  shorted  and  A3  is  not  used.  Voltage  drops  due  to 
bond  wire  resistance  are  not  compensated  for  in  this  circuit. 
This  means  that  an  extra  linearity  error  of  less  than  0.1  LSB  is 
added  to  the  DAC  linearity  error.  If  the  user  wishes  to  eliminate 
this  extra  error,  then  the  circuit  of  Figure  6  should  be  used. 


Here,  A3  is  used  to  maintain  AGNDS  at  Signal  Groimd  potential. 
Iout  >s  also  at  Signal  Groimd  potential.  By  using  the  Force, 
Sense  technique  all  switch  contacts  on  the  DAC  are  at  otactly 
the  same  potential  and  any  error  due  to  bond  wire  resistance  is 
eliminated.  If  A3  is  not  a  low  offset  voltage  (<100ji.V)  op-amp, 
it  should  be  trimmed  with  a  potentiometer  until  the  voltage  at 
AGNDS  is  <10m.V  with  respect  to  SIGNAL  GROUND.  Figure 
7  shows  how  the  circuit  of  Figure  5  might  be  be  laid  out.  Gain 
trim  components  Rl  and  R2  have  been  omitted  for  clarity.  Note 
how  the  input  to  Vref  (pin  2)  is  shielded  to  reduce  ac  feed- 
through  while  the  digital  inputs  are  shielded  to  minimize  digital 
feedthnrag^. 
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Figure  8.  Typical  Graph  of  Offset  EWDlMfS;  Tiemperature 
With  and  Without  Low  Leakage  Configuration 


LOW  LEAKAGE  CONFIGURATION 

Leakage  current  in  CMOS  D/A  conveners  has  two  components. 
Current  leaks  from  Vdd  into  the  Iqut  line  and  is  present  at  all 
DAC  codes.  There  is  also  leakage  across  the  off  switches  in  the 
DAC.  The  polarity  of  this  current  depends  on  Vjnv  and  its 
magnitude  is  related  to  the  code  in  the  DAC  register.  At  high 
temperatures  (above  90°C)  it  is  normal  for  the  leakage  current  to 
increase  dramatically.  By  its  nature  it  will  affect  all  critical  dc 
parameters  (Linearity  Error,  Gain  Error  and  Offset  Error).  The 
AD7536  features  a  leakage  reduction  configuration  (patent  pend- 
ing) to  keep  the  leakage  current  low  (typically  <  lOnA)  over  an 
extended  temperature  range.  This  ensures  that  the  DAC  maintains 
its  25°C  performance  very  well  at  temperatures  up  to  IZS'C. 

The  AD7S36  can  be  operated  with  or  without  the  leakage  reduction 
configuration.  If  Vss  (pin  27)  is  tied  to  AGND,  then  the  DAC 
will  exhibit  normal  output  leakage  current  at  high  temperatures. 
To  use  the  low  leakage  faciUty,  Vss  should  be  tied  to  —0.3V  as 
in  Figures  5  and  6.  The  current  taken  by  Vss 's  very  low  (<  10p.A) 
allowing  a  simple  resistor  divider  (R3,  R4)  to  produce  the  required 
—  300mV  from  —  15V.  The  capacitor  02  in  parallel  with  R3  is 
an  integral  part  of  the  low  leakage  configuration  and  must  be 
4.7p.F  or  greater.  Figure  8  is  a  plot  of  Offset  Error  versus  tem- 
perature for  both  conditions.  It  clearly  shows  the  improvement 
when  titt  km  kakage  eonfigontion  is  used. 


OP-AMP  SELECTION 

In  choosing  an  amplifier  to  be  used  with  the  AD7$36,  thnie  ' 
patameters  are  of  prime  importance.  These  ai<e: 

1.  Inptit  Offset  Voltage  (Vos) 

2.  Input  Bias  Cturent  (Ib) 

3.  Offset  Voltage  Drift  (TC  Vos). 

To  maintain  specified  accuracy  with  Vref  at  lOV,  Al  and  A2  of 
Figures  5  and  6  must  have  Vos  <100(jlV  and  Ib  <10nA.  It  is 
important  that  the  amplifier  Open  Loop  Gain,  Avol,  be  sufficiently 
large  to  keep  Vos  <100|xV  for  the  fiill  output  voltage  range. 
For  a  maximum  outiwt  of  lOV,  Avoi.  must  be  gmter  than 
100,000. 

In  the  Forced  Groimd  configuration  of  Figure  6,  one  can  use  an 
AD  OP-07  for  amplifier  A3,  without  any  external  adjustment 
for  Vos-  In  low  frequency  or  fixed  reference  apphcations  where 
fast  output  settling  time  is  not  required,  the  AD  OP-07  is  also 
recommended  for  Al  and  A2.  Because  of  its  low  Vqs  no  external 
potentiometers  are  needed.  For  faster  settling  time,  one  can  use 
the  AD544  series  of  op-amps. 

Offset  Voltage  Drift  and  Bias  Current  drift  are  critical  parameters 
for  operation  over  a  wide  temperature  range.  The  AD  OP-07, 
AD  OP-27  and  AD  OP-37  all  exhibit  very  low  offset  drift  while 
the  AD544  has  very  low  bias  current  drift.  Table  II  simunarizes 
the  important  specifications  of  the  op-amps  mentioned  above. 


Op- Amp 


Input  Offset 
Vohage(Vos) 


AD544L  500jjlV 
ADOP-07H  75|j,V 
ADOP-27CH  lOOiiV 
ADOP-37CH  100(iV 
HA-2620  4mV 


Input  Bias 
Current  (Ib) 

25pA 
3nA 

gOnA 
35nA 


Offset  Voltage  Settling  Timetn 
Drift  (TC  Vos)  0.003%  FS 


5(jlV/°C 

0.6(jlV/°C 

0.6(iV/°C 

Q.6tiV/°G 

ZOjiVfC 


Table  li  Guide  to  Op-Amp  Selection 


S)ji.s 

SOjis  typ 
6(j.styp 
l|j,styp 
0.8(1,8  typ 
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MiCROniOCESSOR  WrERFAONG 
AD7536  -  8086A INTEBFACE   

The  versatility  of  the  AD7S36  loading  sturcture  alkms  inn 
to  both  8-  and  16-bit  mictopiocessor  systems. 
the  8086  16-bit  processor  interfuiqg  '"r'TMrMfc.^'fed.  In  this 
dieiiit  the  double  buffering  featui^  of  ■■M:'^^  M^ii8|BlBi^ — 
ADO-ADB  of  the  16-bit  data  bw  tie  dfa^eted"^  the  DAb 
dan  bos  (DB0-DB13).  The  144Ht        ^^^i^im  tirtiie  DiAG 


in  one  MOV  instroction  and  the 
mediatdy.  In  this  example  the  DA< 


outplut 


address-is 

routine  for  Figure  9  is  given  in  Table  III.  In  a  multiple  DAC 
system  the  double  buffering  of  the  AD7536  allows  the  user  to 
simultaneously  update  all  DAC's.  In  Figure  10,  a  14-bit  word  is 
loaded  to  the  Input  Registers  of  each  of  the  DACs  in  sequence. 
Then,  with  one  instruction  to  the  appropriate  address,  CS4 
(i.e.,  LDAC)  is  brought  low,  updating  aU  tte^Qji^^.-'  r 

SBBUlU^l^y.  ,  -.,,n<.r 


1 

ADDRESS  BUS 

^  1^ 

ALE 

16-BrT  LATCH 

ADDRESS 

CSMSB 
CSLSl 
LDAC 

DECODE 

L 

BO  86 

vsr. 

A013^ 

WR 

AD7536 

AD0-AD1S 

DATA  BUS 

DB0-DB13 

ADO  ■* 

Figure  9.  AD75$6- 8086 Interface  Circuit 


ADDRESS  BUS 


16-BIT  LATCH 



CS4      CS3  CS2 


,5  n»  \.      rxh  ^■ 

■L,  .  "-  '  h--''  --.'i.  -tx 


CSLSB 
LDAC 


AD7536' 
DB0-DB13 


raCSMSe 
CSLSB 


CSMSB 
CSLSB 
LDAC 
WR 

AD7536* 
DB0-DB13 


CSMSB 
CSLSB 
LDAC 
WR 

AD7536- 
DBIMJB13 


Figure  10.  AD7536 -^8086  Interface:  Multiple  D/yO,  System ,. 
-.        ■>  j-'Vud.O  Ant  Vi,?^     HV«  ; 


00 
02 
04 

07 
OB 
OE 


8CC9 

8ED9 

BFOODO 

C705"YZWX" 

EAOOOO 

OOFF 


MOVCX.CS 
MOVDS.CX 
MOV  DI,  #  DOOO 
MOVMEM,#YZWX" 


DEFINE  DATA  SEGMENT  REGISTER  EQUAL 

TO  CODE  SEGMENT  REGISTER 
LOAD  Dl  WITH  DOOO 
DAC  LOADED  WITH  WXYZ 
CONTROL  IS  RETURNED  TO  THE 
MONITOR  PROGRAM 


Table  III.  Sample  Program  for  Loading  AD7S36  from  8086 
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AD7536  -  MC68000  INTERFACE 

Interfacing  between  the  MC68000  and  the  AD7536  is  accomplished 
using  the  circuit  of  Figure  11.  The  following  routine  writes  data 
to  the  DAC  input  ie0mt-WBAliimmiBm>  the  d«a  via  dte 
DAC  register. 


01000  MOVE.W  #W,DO 


MOVE.W  D0,^000 


MOVE.B 


TRAP 


#228,D7 
#14 


Thedeaicd  DAC  data,  W,  is 
loaded  into  Data  Roister  0. 
W  may  be  any  vabie  between  0 
and  16383  (dedmal)  orOind 
3FFF(hexademical). 

The  data  W  is  transferred 
between  DO  and  the  DAC 
Register. 

Control  is  returned  to  the  System 

Monitor  Programi: 
instructions. 


A1-A23 
MC68000 


ADDKESS  BUS 


CSLSB 
LDAC 


AD7536" 

DB0-DB13 


DIGITAL  FEEDTHROUGH 

In  the  preceding  interface  configurations,  most  digital  il^ua  to 
the  AD7536  are  directly  connected  to  the  microprocessor  bus. 
Even  when  the  device  is  not  selected,  these  inputs  will  be  constantly 
changing.  The  high  frequency  logic  activity  on  the  bus  can  feed 
through  the  DAC  package  capacitance  to  show  up  as  noise  on 
the  analog  output.  To  minimize  this  Digital  Feedthtough  isolate 
the  DAC  from  the  noise  source.  Figure  13  shows  an  interface 
dicuit  which  physically  isolates  the  DAC  from  the  bus.  One 
may  also  use  other  means,  such  as  pecqiheral  into&ce  devices, 
to  reduce  the  Digital  Feedthrdugh. 


Figure  13.  AD7S36  Interface  Circuit  Using  l^tcties  to 
Minimize  Digital  Feedtiirougii 


Figure  11.  AOWm  -  Interface 
AD7536  -  Z80  INTERFXigB 

Though  the  AD7536  is  ideally  suited  for  use  either  with  16-bit 
microprocessors  or  in  stand-alone  applications,  it  can  also  be 
interfaced  to  8-bit  processor  systems.  Figure  12  is  an  interface 
circuit  for  the  popular  Z80  niicKqnx>cessor. 
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CSLSB 
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DECODE 

cSfiisB 

Z80 

LDAC 
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1  ^ 
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D0-D7 

DATA  8US 
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FEATURES 

Two  12-Bit  DACs  in  One  Paclcage 

DAC  Ladder. Resistance  IMatching:  0.5% 

Space  Saving  Sl(inny  DIP  and  Surface  iVIount  Paclcages 

4-Quadrant  IVlultiplication 

Low  Gain  Error  (1LSB  max  Over  Temperature) 

Byte  Loading  Structure 

Fast  Interface  Timing 

APPUCATIONS 
Automatic  Test  Equipment 
Programmable  Riters 

.AMdiQ  Applications   

Syndiro  Applications  ^ , 

Procoss  Control 


GENERAL  DESCRIPTION 

The  AD7537  contains  two  12-bit  current  output  DACs  on  one  . 
monolithic  chip.  A  separate  reference  input  is  provided  for  each 
DAC.  The  dual  DAC  saves  valuable  board  space,  and  the 
monolithic  construction  ensures  excellent  thermal  tracking.  Both 
DACs  are  guaranteed  12-bit  monotonic  over  the  iiill  temperature 
range.  ' ' 

The  AD7537  has  a  2-byte  (8LSBs,  4MSBs)  loading  strucnue.  It 
is  designed  for  right-justified  data  format.  The  control  signals 
for  register  loading  are  AO,  Al,  CS,  WR  and  UPD.  Data  is 
loaded  to  the  input  registers  when  CS  and  WR  are  low.  To 
transfer  this  data  to  the  DAC  registers,  UPD  must  be  taken  low 
withWR. 

Added  features  on  the  AD7S37  include  an  asynchronous  CLR 
line  which  is  very  usefbl  in  calibration  routines.  When  this  is 
taken  low,  all  registers  are  cleared.  The  double  buffering  of  the 
data  inputs  allows  simultaneous  update  of  both  DACs.  Also, 
each  DAC  has  a  separate  AGND  line.  This  increases  the  device 
versatility;  for  instance  one  DAC  may  be  operated  with 
AGND  biased  while  the  other  is  connected  in  the  standard 
configuration. 

The  AD7S37  is  manufactured  using  the  Linear  Compatible 
CMOS  (LC^MbS)  process.  It  is  speed  cooqutible  with  most 
micropnxxssors  and  accepts  TTL,  74HC  and  SV  CMOS  logic 
knel  inputs. 


FUNCTIONAL  BLocst  mniEmm 
o  


DAC  A  REGISTER 


DAC  B  REGISTER 


o 


FROPUCT  HIGHLIGHTS 

1.  DAC  to  DAC  Matching: 

Since  both  DACs  are  fabricated  on  die  same  chip,  precise 
matching  and  tracking  is  inherent.  Many  applications  which 
are  not  practical  using  two  discrete  DACs  are  now  possible. 
Typical  matching:  0.5%. 

2.  Small  Package  Size: 

The  AD7S37  is  packaged  in  small  24-pin,  0.3"  DIPs  and  in 
28-teniiiiiaI  surface  mount  paclcages. 

3.  Vide  Power  Supply  Tolerance: 

The  device  operates  on  a  +  12V  to  +  15V  Vdd.  with  ±10% 
toletance  on  this  nominal  figure.  All  qwdfications  are  guaran- 
-  teed- over  diis  jsange.  — 
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KM 


=  v«  =  io»;i««^lsm  =  ov. 


UMii    ■      Tea  Co 


1^ 


Resolution 

12 

12 

12 

12 

12 

Relative  Accimcy 

±1 

±1/2 

±1/2 

±1 

±1/2 

Differential  MMdinearily 

il 

£l 

±1 

±1 

±1 

Gain  Error 

±6 

±3" 

±1 

±i 

±3 

12 

±1/2 
±1 


Gain  Temperature  Coefficient'; 

AGBm/ATcmpeniure  ±5 

OuipuljUikaseCuneiu  ■  - 

louTA  -    -  - — 

-t-Bt:  -,10  . — 

+25-C 

T_i.loT_.  '  ISO. 


±5 


10 
ISO 


10 
ISO 


«v  ±5 
ISO 

to 

ISO 


10 
2S0 


10 

250 


10 
2S0 


10 
^50 


LSBmax 

LSBmax 


oA  max 
oAinax 


nAn 

nAn 


AH  grades  guaranteed 
monotonic  over  temperature. 
Measured  tising  Rfba>  Rfbb- 
Both  DAC  icgiiten^tMded 
wiihdU's. 


Typkainlueulppill/^ 


DACAttcgnakaded. 
widiailOt 

aUi'diOl'  ' 


REFEREIICEDmn' 

9 

9 

9 

9 

9 

9 

kHmin 

Typical  Input  Resistance  -  14kA 

20 

20 

20 

20 

20 

20 

kfl  max 

VltEFA*y|l]!FB 

Kaiiurltcanliiwe  Match 

s3 

±3 

-  1 

=  3 

i  3 

i:  1 

"■11  max 

Typically  ±0.5% 

DIGITAL  INPUTS 

ViH  (Input  High  Voltage) 

2.4 

2.4 

2.4 

2.4 

2.4 

2.4 

V  min 

ViL  (Input  Low  Voltage) 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

Vmax                               ■      .  -'j^.- 

IiN  (Input  Cunvnt) 

+  2S'C 

±1 

±1 

±1 

±1 

±  1 

±1 

^lA  max          Vifi  =  Vdd 

TmntoT™, 

±10 

±10 

±10 

±10 

±10 

±10 

(lAmax 

CiN  (Input  Capacitance)^ 

10 

10  1  r- 

-J    10      h-^  , 

.  10 

10 

10 

pFmax 

POWER  SUPPLY' 

Vdd 

I0.8'16  S 

IO.S'16  5 

in. sift. 5 

10.8  16.5 

10  S'16  5 

10.8'16  5 

V  min  \'  max 

Idd 

mA  max 

AC  PERFORMANCE  CHARACTERISTICS 


Itan  chMBcterislics  sre  nchided  for 

Des^  Guidance  only  and  are  not  subject  to  test 

1=  +  1W,  Inm  =  um  =  OV,  InnB  =  A6NDB  =  OV.  Output  UmpHfiers  are  M644  except  wliiiiB  amidj 

1               .1.  _ 

ruuto  ' — 

TA-+JSS:  Ta=t-„t 

Uaila 

1  ^ 

Test  Conditions/Comments 

OuipaiCiumrSadiattSw 

J,               -  _ 

To0.01%offuU-scalerange.IoiiTload  -  l(X)ll,CEXT  =  i|p>*- 
D AC  output  measured  from  falling  edge  of  WR . 
T™aaV*iueofSeKlin»Timei80;8uj.  ...  r.   ,     ...  .  , 

Dii^-to- Analog  Glitch  Impulse 

7 

nV-s^p 

A4emifM  Willi  VitBPA  *^|tfePB = OV.  lautteliwjTa  ' 
load=  100fl,CEXT=  l^F.pACr%isten«bcraatcly 
loaded  with  all  Os  and  all  Is. 

ACFeedlhrough' 

VnEFAlOltHTTA 
VnEFBtoIoUTB 

-70 
-70 

-65  . 

dBniax 

VRBFAiVitEra'^JOyp^UMiSj^s^Me^        ,..  i 
DAC  r^istere  kiued'ini&affl  Qi. 

Power  Supply  Reiection 

AGain/AVnn                     '     ^  "  ' 

i0.iii 

I     ..  ■  1  ;->ij.(i2  • 

>'''-k*«!fi*^it»t-V™.™n 

Output  Capacitance 

CcWTA 
CoUTB 

Cotn-A 

CmiTB                                ■'  "  *  '  ■ 

70 
70  , 
140 
140 

.r.'d         )ic.-.i  ■  .; 

140    '  " 
140 

pFmn  i 
pFin^ 
pF  mui 
pFnuut 

DAC  A,  DAG  B  loaded  with  all  Os 
DAC  A,  DACBloKledwiihaU  Is 

Channel-to.Oiannel  Isolation 

VreFA  to  loUTB 
VREFBtoIoUTA 

-84 
-84 

dB  typ 
dBiyp 

Vrefa  =  20V  p-p  lOkHz  sine  wave,  Vrefb  =^  OV. 

Both  DACs  loaded  with  all  Is. 

Vrepb  =20Vp-pl0kHzsinewave,VREFA'=0V. 

BolhDACalotdedwithallls.                             ,  .: 

DigilalCniBstalk 

7 

 ffjfll  1  -1    '-  ■  il  

Measured  for  a  Code  Transition  ofallOs  to  all  Is. 

loLTA.IouTBload  =  lOOn.CExT  =  13pF. 

Oupiu  Noise  Voltage  Deinily 
(lOHz-lOOkHl) 

2S 

nV/VlStyp 

Measured  between  RpBA  and  loLTA  or  Rfbb  and  louTB- 
Frequency  of  measurement  is  lOHz-lOOkHz. 

Total  Hmnooic  Dimirtian 

-12 

ViH  =«Vnia,  IkHi.  BoihDACsloaledsilhaU  Is. 

::  J,K.LVersiiaB:-4enClo+<S<C 
A,B,CVeniaa:  -4ll>Cn  *VC. 
S.T.UVeniau:  -SS^B+USt:. 
tf  at  2SX  to  ensure  comptiancc. 

.  .  =  SV  with  degraded  apedficatiofu. 

^  12  (Dffln))  CO  cassmic  DIPS  is  ctNUMCted  to  lid. 
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TIMING  CHARACTmSTICS   = iojw  to  issv,  v„. = v»,  =  +iov,    = agnda  » ov.  inm = mmm  m 


Pnametei 

LinAat 
Ta=  +2S°C 

'limit  at 

Ta=  -40°Cto  +85'C 

Limit  at 

Ta-55°C 
to+125°C 

Units 

Test  Conditions/Comments 

ti 

15 

15 

30 

nsmin 

Address  Valid  to  Write  Setup  Time 

t2 

.15;, 

15 

25 

nsmin 

Address  Valid  to  Write  Hold  Time 

t3 

60 

80 

80 

nsmin 

Data  Setup  Time 

t4 

25 

25  ■ 

25 

nsmin 

Data  Hold  Time 

ts 

Qi  i! 

0 

0 

nsmin 

ChipSelector  Update  to  Write  Setup  Time 

t6 

0   

0 

nsmin 

Chip  Select  or  Update  to  Write  Hold  Time 

t7 

80 

100 

nsmin 

Write  Pulse  Width 

ts 

8°  ^  liU 

?°f  S  ^  S  >  ^ 

nsmin 

Clear  ltall^^M*         ,  ^ 

NOTE 

^edficBtioiiB  subject  tocbEmge  wi&out  notice. 


ABSOLUTE  MAXIMUM  RATINGS 

(Ta  =  25''C  unless  otherwise  stated) 

VoDtoDGND   -0.3V,  +  17V 

Vrefa,  Vrefb  to  AGNDA,  AGNDB  ±25V 

Vrfba,  Vrfbb  to  AGNDA,  AGNDB  ±25V 

Digital  Input  Voltage  to  DGND    -0.3V,  Vdd  +0.3V 

louTA,  VouTB  to  DGND   -0.3V,  Vdd  +0.3V 

AGNDA,  AGNDB  to  DGND   -0.3V,  Vdd  +  0.3V 

PowerDissipatk>n'(AOyP«d£^>i  I  : 

To  +75°C    450mW 

Derates  above  +7S^   .  .  «Wfte; 


Operating  Temperature  Range 
Commercial  Plastic  (J,  K,  L  Versions) 
Industrial  Hermetic  (A,  B,  C  Versions) 
Extended  Hermetic  (S,  T,  U  Versions)  . 
Storage  Temperature  

Lead  Temperature  (Soldering,  lOsecs) 


-40°C  to  +85''C 
-40°C  to  +85°C 
-55°Cto  +  125°C 
-65°C  IS  +150°C 
....  /  +300'C 


^Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  qause 
permanem  damage  to  the  device.  This  is  a  stress  rating  only  and  fimctional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indi- 
cated in  the  operational  sections  of  this  specification  is  not  implied. 
Exposure  to  absolute  maximum  rating  conditions  for  extended  periods  may 
affect  device  reliabiUty. 

1  h... 


mm 


ORDERING  GUIDt' 


mi  mil  III II II,' 


/  I 


NOTES 

1.  All  INPUT  SIGNAL  RISE  AND  FALL  TIMES  MEASURED  FROM  10%  TO 
90%  OF  +BV.  t,=t(=20ns. 

„  VIh  +  Vb. 


2.  tiMING  MEASUREMENT  REFERENCE  LEVEL  IS  - 


figure  7.  Timing  Diagram  forAt)7^7 


Temperature 

Relative 

Gain 

Package 

lUodel^ 

Range 

Accuracy 

Error 

Option' 

AD7537JN 

-40°Cto 

+  85°C 

±1LSB 

±6LSB 

N-24 

AD7537KN 

— 40°Grta 

mi'd  - 

±l/2tSB 

+  3LSB 

N-24 

AD7537LN 

-40°Cto 

+  85«C 

±  1«LSB 

±1LSB 

N-24 

AD7537JP 

-40°Cto 

H-SS-C 

±1LSB 

±6LSB 

P-28A 

AD7537KP 

-40°Cto 

+  85°C 

±  1/2LSB 

+  3LSB 

P-28A 

AD7537LP 

-WCto 

+  85°C 

±  1/2LSB 

±1LSB 

P-28A 

AD7537AQ 

— MTCw 

.+85°C 

±1LSB  • 

±6iLSB 

0-24 

AD7537BQ 

-4()fto 

+85°C 

±  1/2LSB' 

±3LSB 

Q-24'  ' 

AD7537CQ 

-40°Cto 

+  85°C 

±  1/2LSB 

±1LSB 

Q-24 

AD7537SQ 

-5S°Cto 

+  125''C 

+  1LSB 

+  6LSB 

Q-24 

AD7537TQ 

-5S°Cto 

+ 125°C 

±  1/2LSB 

±3LSB 

Q-24 

AD7537UQ 

-55°Cto 

+ 125°C 

±  1/2LSB 

±2LSB 

Q-24 

AD7537SE 

-55°Cto 

+  125°C 

±1LSB 

±6LSB 

E-28A 

AD7537TE 

-55°Cto 

+  125°C 

±  1/2LSB 

±3LSB 

E-28A 

AD7537UE 

-SSXto 

+  125»C  ' 

±l/2l,SB 

±2LSB 

E-28A 

NOTES 

'Analog  Devices  reserves  the  right  to  ship  ceramic  packages  (D-24A)  in  lieu  of  c&rdip 
packages  CQ-24). 

^To  order  MIL-STD-883,  Class  B  processed  parts,  add/883B  to  part  number. 
Contact  your  local  sales  office  for  military  data  sheet. 

'E  =  Leadless  Ceramic  Chip  Carrier;  N  =  Plastic  DIP;  P  =  Plastic  Leaded  Oii^  CairicT; 
Q  =  Cerdip.  For  outline  information  see':Pack^eti^onnat^  SficilSta.  ^'  ' 


QAUTION  

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protect- 
ed; however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy 
electrostatic  flelds.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective 
foam  ^ould  be  di^cfaai^ed  to  the  destination  socket  before  devices  are  removed . 
 ^  A     .  -I  J 


fU)7537 


DIP 


nN  C0NF1GIIKM1I»NS 


AQNOA  [T 

m]  AGNDB 

■nit*  [T 

--  IW  [i 

'  <to.E 

,  BE 

g  v«      nt  .  . 

-.E 

on  [7 

AD7S37 

TOP  VIEW 
(Not  to  SuUI 

11]  Oro 

77]  ci5 

OB3  ^ 

DM  Q£ 

7»]  AO 

DM  QT 

l7|  PBT 

DC  NO  pT 

11]  DW 

J  J  S  S  3  J  J 

mmmmi3ii5ii5i 


i  i  i  M  s  ' 


11  11  14   IS  W  17  w 

i  §  I  M  g  « 

NC  -  NO  CONNECT  * 


PIN  FUNCTION  DESCKIPTKm  0IP)  '' 


UN  MNEMONIC  DESCRIPTION 


.>  'i 
'>  ■  3 
4 
5 
6-14 
12 

16 

17 
18 
19 
20 

23 
24 


Rfba 
Vrefa 

cs 

DB0-DB7 
DGND 

-iWi  ■•> 

Al 

CLR 

WR 

UFD 


AndBgOnnaidiiicDACA. 
Current  cmput  ipmriiMl  d^SMEfSfc'. 
Feedback  resistor  fatUtStlK '  '  '''' 

Reference  input  to  DAC4>r  -r 
Chip  Select  Input.  Actin  low. 
Eight  dau  inputs,  DB0-DB7. 
Digital  Ground. 


AddteasLinel. 

Clear  Input.  Active  low.  Qears  all  registers. 
Write  Input.  Active  low. 
Updates  DAC  Registers  from  inpiits  registers. 
Power  supply  input.  Nominally  +  12V  to  +  15V, 
with  ±  10%  tolerance. 


AGNDB 


Current  output  terminal  of  DAC  B . 
Analog  Ground  for  DAC  B . 


era 

DPd 

C5 

WR 

Al 

AO 

FUNCTION 

1 

1 

1 

X 

X 

X 

No  Data  Transfer 

1 

1 

X 

1 

X 

X 

No  Data  Transfer 

0 

X 

X 

X 

X 

X 

All  Registers  Cleared 

1 

0 

0 

p , 

0 

DAC  A  LS  Input  Register 

Loaded  with  DB7-DB0(LSB) 

1 

p  + 

|0  g 

1 

DAC  A  MS  Input  Register 

Loaded  with  DB3(MSB>DB0 

1 

1 

0 

. .  /  ■■ 

0 

1 

0 

DAC  B  LS  Input  Register 

Loaded  widi  DB7-DBa(LSB} 

1 

0  1 

1 

DAC  B  MS  Input  Raster 

1 

b 

1 

0, 

X 

X-.' 

^..DAGAi>aACBitegisiM" 

Updated  Simultaneously  from 

Input  Registers 

1 

0 

0 

0 

X 

X 

DA<;A,  PACB  Rcgisienane 

Tonspanat 

CIRCUIT  INFOKMATIQa^  ■-  D/A  SECTION  '   ' '     '  ^ 
The  AD7S37  contains  two  identical  124iit  iiniItiplying'D/A 
cmimmtfMtA  DAC  eBtmmoi  a  bi^y  stable  R-2ILlttdder 
tai^j^,  N-channel  oimnt  siee^  ii«iudies.^-ngiife-Z8btlws  - 
ai^^ed  P/A  dicilit  to  OA@  A.  In  tlie>I^2i(^lad<foc»;tiSii^ 
wi^iemi^e^eMBSSsttt  seeted  betnr^  JotrrA  and  AGN)^  The 
cuneBt  fiMttegrjB>ea<A  ladder  1^  is  c(mstAit,  inreaiNctiv^  of 
switch  st^  Theifeedhack  resistor  Rjiba  is  used'  with  an  ^aiitp' 
(see  Figures  4  and  S)  to  convert  the  current  flowing  in  loiJrA'to 
a  voltage  ouQMit. 


Pgure  2.  Simplified  Circuit  Diagram  for  DAC  A 


EQUIVALENT  CIRCUIT  ANALYSIS 

Figure  3  shows  the  equivalent  circuit  for  one  of  the  D/A  converters 
(DAC  A)  in  the  AD7S37.  A  similar  equivalent  circuit  can  be 
drawn  for  DAC  B. 

CouT  is  the  output  capacitance  due  to  the  N-channel  switches 
and  varies  from  about  50pF  to  150pF  with  digital  input  code. 
The  current  source  Ilkg  is  composed  of  siuface  and  jimction 
leakages  and  approximately  doubles  every  10°C.  Ro  is  the  eqtii- 
vatesi  ompat  resistance  of  the  device  which  varies  with  input 
cede. 

DIGITAL  cn.cwMPinuiA'noN 

The  digital  inputs  are  designed  K)  be  bodi  TTL  and  SV  OiiOS 
con^tiUe.  All  logic  ii^uts  are  watiB^yrotwiMa  iltCMltfBi'^jWf 
Q^icat  input  eurrans  of  lets' ^yu  M^''^'-  '!'  wJ«J.«f  :73b:  d.?3 


NOTE:  X  =  Don't  care 


Tablet.  AD7S37 Truth  Table 
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Applications— AD7537 


« AGNDA 


Figure  3.  Equivalent  Analog  Circuit  for  DAC  A 

UNIPOLAR  BINAKY  OPERATION       >^  '  ■ 
(24}UADRANT  MULTIPUCATION) 

Figure  4  shows  the  circuit  diagram  for  unqxilar  binary  operation. 
With  aa  'ac  iqnit,  the  arcuit  performs  2-quadrant  muloplication. 
The  code  table  for  Figoie  4  is  given  in  Table  II. 

Operational  amplifiers  Al  and  A2  can  be  in  a  single  package  . 
(AD644,  AD712)  or  separate  packages  (AD544,  AD7U, 
AD  OP-27).  Capacitors  CI  and  C2  ptonde  ^lase  compensation 
to  help  prevent  overshoot  and  ringing  when  high-speed  op  amps 

are  used. 

For  zero  offset  adjustment,  the  appropriate  DAC  register  is 
loaded  with  all  Os  and  amplifier  offset  adjusted  so  that  Vquta  or 
VoLiTB  is  OV.  Full-scale  trimming  is  accomplished  by  loading 
the  DAC  Tegftmm^M  Is  ailii  adjusting  Rl  CR3)  so  diat 


VouTA  (Voutb)  =  -ViN  (4095/4096).  For  high  temperature 
operation,  resistors  and  potentiometers  should  have  a  low  Tem- 
perature Coefficient.  In  many  applications,  because  of  the  excellent 
Gain  T.C.  and  Gain  Error  specifications  of  the  AD7537,  Gain 
Error  trimming  is  not  necessary.  In  fixed  reference  applications, 
full  scale  can  also  be  adjusted  by  omitting  RI,  R2,  R3,  R4.and 

trimming  the  reference  voltage  magnitude.  ■,-.! 

I'* 

BIPOLAR  OPERATION 

(4-QUADRANT  MULTIPUCATION)  , 

The  recommended  circuit  diagram  for  bqiol^r  opHc^ia  is  shown 

in  Figure  S.  Offset  binary  coding  is  med.  i  I 

With  the  qiinopriate  DAC'^regisMr  loai&d1^  WS6  O0O0  0000, 
adjust  Rl  (R3)  so  tliiit  Vouta  (Vcgns)  =  OV.  Altemativdy,  Rl, 
R2  (R3,  R4)  m%'  bi  oiMttid  and  tfie  «atios  of  R6,  R7  (R9,  10) 
varied  for  Vquta  (Vqutb)  =  OV.  Full-scale  trimming  can  be 
accomplished  by  adjusting  the  amplitude  of  Vin  or  by  varying 
the  value  of  R5  (R8). 

If  Rl,  R2  (R3,  R4)  are  not  used,  then  resistors  R5,  R6,  R7  (R8, 
R9,  RIO)  should  be  ratio  matched  to  0.01%  to  ensure  gain  error 
performance  to  the  data  sheet  specification.  When  operating 
over  a  wide  temperature  range,  it  is  imptetaDr>that  the  lesistoii^ 
be  of  thetsaaie'lyiie  w-that  their  tQiq)eiBtateftae£Bcient8  thatch. 

V  /■■  "  .lujj.''-   :  IS'?  ifiJ  to  rjfftit' 


T 


•CONTROL  CIKUITRV  OMITTED  FOfI  CLAIMTV 


Figure  5.  Bipolar  Operation  (OffM  B/nary  Coding) 


Figure  4.  M)^7  LMpeiat  jS^taf^ 


Binuj  Number  in 
DACRcsiiteT 
MSB  LSB 

Analog  Outpnt, 
VocTA  or  Voutb 

nil  nil  nil 

1000  0000  0000 

0000  0000  0001 

0000  0000  0000 

OV 

Binary  Number  in 
DAC  Register 
MSB  LSB 

Analog  Output, 
VouTA  or  Voutb 

nil  nil  nil 

1000  0000  0001 

1000  0000  0000 

OV 

0111  nil  nil 

0000  0000  0000 

Table  II.  Unipolar  Binary  Code  Table  for  Greaft  ef 
Figure  4 


Table  III.  Bipolar  Code  Table  for  Offs^  IMM^  i^fcuh 
of  Figure  5 
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f  _  1   A  /  R6  .1 

*  ~  2ir   V  R5  C1-;C2  Req,  Rb 


where  Reqi  and  Reqz  are  the  equivalent  resistances  of  die  DACs. 
The  same  digital  code  is  loaded  into  bodi  DACs.  If  CI  =  C2 
and  R5  =R6,  the  expression  leduoes  to 


*     2ir  C  VReqi  -I 


EQ 


(Rlad=  DAC  ladder  resistance). 


(N/2°y 


1  D 


git     J' . 'Jyw-    "1  ,'sijca;i.*"i  "  I 

{tins  AGNDA  andj^gi^l^^^  Ji^^ifi^l^  ^l?«i<^  tl>e 
applicaaiBis  versatkQr  ^  ^  put.  ngnre  6  is  an  esunple  of 
this.  DAiC  A  is  Gonnecled  in  standard  fashion  as  a  programmable 
atl^matoT.  AGNDA  is  at  ground  potential.  DAC  B  is  operating 
indi  Ai0^B,lriaaed  to  +  SV  by  the  AD384.  This  gives  an 
a^KO^^^ «*  *5V  to  +  lOV. 

FBOGRAMMABLE  OSCILLATOR 

Figure  7  shows  a  conventional  state-yatiabte  osdllator  in  which 
the  AD7S37  controls  the  programmaM^VwfBaaei!.  'ttie  frequency 
of  oscillation  is  given  by:  "      ^  ' 


2lT    C  \^(Rej^^  •  '^U^ 


-1) 


1-n  C-RladV® 

where  m  is  the  DAC  ladder  resistance  mismatdi  rado,  tyincally 
LOOS. 

With  the  values  shown  in  Figure  7,  the  ouqiw  fireciueney  varies 
from  OHz  to  l.SSm^;  The  amidinide  of  the  ou]imt'.sigiul  at  the 
A3  output  is  lOV  peal^«>-saA^iuid  is  constant  over  thii  entire 
frequency  span. 


1/2A07537 

«^A(1) 


21JVnEFB  Ioutb(23)- 
1/2  AD7537 

AGNDBC24> 

B*CB 


Figure  7.  Programmabki  Sl0»  VMable  C|^^|^m^ 
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APPLICATION  HINTS 

OMpnt  O&ct:  CMOS  D/A  converters  in  circuits  such  M 
Figures  4  and  S  exhibit  a  code  dependent  output  resistance 
which  in  turn  can  cause  a  code  dependent  error  voltage  at  the 
output  of  the  amplifier.  The  tnaTimnin  amplitude  of  this  error, 
which  adds  to  the  D/A  converter  nonlinearity,  depends  on  Vos> 
where  Vqs  u  the  amplifier  input  ofiiset  voltage.  To  maintain 
specified  operation,  it  is  recommended  that  Vqs  be  no  greater 
than  (25  x  KT'XVref)  over  the  temperature  range  of  operation. 
Suitable  op  amps  are  the  AD71 IC  and  ia  dual  version,  the 
AD712C.  These  op  amp«  have  a  wide  bandwidth  and  high  slew 
rate  and  are  recommended  for  wide  bandwidth  ac  applications. 
AD711/AD712  settling  time  to  0.01%  is  typically  3\us. 

Tcmpcntmc  Coeffiaenta:  The  gain  temperature  coefBdent  of 
the  AD7S37  has  a  maiimnm  value  of  Sppm/°C  and  typical  value 
of  Ippm/X!.  This  corresponds  to  worst  case  gain  shifts  of  2LSBs 
and  0.4LSBS  respectively  over  a  100°C  temperature  range.  When 
trim  resistors  Rl  (R3)  and  R2  (R4)  are  used  to  adjust  full  scale 
range  as  in  Figure  4,  the  temperature  coefGdent  of  Rl  (R3)  and 
R2  (R4)  should  also  be  taken  into  account.  For  further  information 
see  "Gain  Error  and  Gain  Temperature  Coefficient  of  CMOS 
Multiplying  DACs",  Application  Note,  Publicatiaa  1 
E630C-S-3/86  avaibUe  from  Analog  Devices. 


AD7S37  oupot  < 


itmoe 
to 


works  in  conjunction  widi  the  amplifier  feedback  i 
add  a  pole  to  the  open  loop  response.  This  can  cause  riagiiig  at 
oscillation.  Stability  can  be  restored  by  adding  ■  phiie  4SN^pga> 
sation  capadtor  in  paralld  with  the  feedback  reiiitor.  "EMlli 
shown  as  CI  and  C2  in  Figures  4  and  S. 

FaadttnaiilK  The  ^mniicperfaaiiinoe  of  die  AD7S37  depends 
iVOii  die  gun  and  phne  ftabOily  of  die  ootpia  uvHfier,  togedier 
widi  die  opdmmn  dnice  of  PC  board  Iqmit  and  deooivliiig 
components.  A  suggested  printed  dicuit  Iqmiit  fax  Kgue  4  is 
shown  in  Figure  8  which  minimiiCT  feedduoui^  fixan  Vamub 
Vasra  o>  the  antpnt  in  multiplying  i 


 ^PIN  1,  AD7537 


LAYOUT  IS  TOR  DOUBLE 
SIDE  BOARD.  FULL  LINE 
INDICATIS  TRACK  ON 


O 

o 
o 
o 


Figures.  Suggested  Layout  for  AD7S37 

MICROFKOCESS(W  INTEBFACING 
The  byte  hMding  stmcniR  of  die  AD7S37  makes  it  veqr  easy  to 
ialerfece  the  device  to  any  8-bfo  mknipcooeiaar  qniem.  FSgmes 
9  and  10  show  two  inteifteeB:  one  fer  the  tSCeHOi  and  die 


other  for  the  MC68008.  Figure  1 1  shows  how  an  AD7S37  system 
can  be  easily  expanded  by  tying  all  the  UFD  lines  together  and 
using  a  single  decoder  output  to  control  these.  This  expanded 
system  is  shown  using  a  Z80  microprocessor  but  it  is  just  as 
easily  configured  using  any  other  8-bit  microprocessor  system. 
Note  how  the  system  shown  in  Figure  11  produces  4  anahig 
outputs  with  a  minimum  amount  of  hardware. 
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Figure  9.  AD7S37  -  MCBtOS  iDtmfaca 
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Figure  10.  AD7S37  -  MC68008  Interface 
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FEATURES'  ■ 

All  GiMiM  144lt  MoMdHoirie  OMrfMi  Full  TamiMiMure 
Range 

Low  Cost  14-Btt  Upgrade  for  12-Bit  Systems 
14-Blt  Parallel  Load  with  Double  Buffered  Inputs 
Small  24-Pin,  0.3'  DIP  and  SOIC 
Low  Output  Leakage  (<20nA)  over  the  Full 
T^iiipM«tur(i,^Uing«  V 

APPLICATIONS 

Mtaroprocessor  Baaed  Control  Systems 
DIgttal  Audio 
Pradsion  Saivo  Central 

Central  and  MeawilWweiit  fai  High  Temparatuie 
Environments 


FUNCTIONAL  BLOCK  DIAGRAM 

Vno 


14-Brr  DAC 

DB13-OB0      DGND  Vss 


GENERAL  DESCRIPTION 

The  AD7S38  is  a  14-tiit  monolidiic  CMOS  D/A  converter  widch 
uses  laser  trimmed  tliiii-film  resistors  to  achieve  excellent 
liaesd^.,..         -        -  .I  *  •  ■ 

The  DAC  is  loaded  by  a  singfa  l^^liit  vride  Word  u^ng  standard 
Chip  Select  and  Memory  Write  Logje.  Dblible  buffering)  which 
is  optioiul  using  LDAC,  allows  simultaneous  update  in  a  system 
cmtaining  multiple  AD7S38s. 

A  novel  low  leakage  configuration  (U.S.  Patent  No.  4,S90,4S6) 
enables  the  AD7S38  to  exhibit  excellent  output  leakage  current 
characteristics  over  the  specified  temperature  range. 

The  AD7S38  is  manufactured  using  the  Linear  Compatible 
CMOS  (LC^MOS)  process.  It  is  speed  compatible  with  most 
microprocessors  and  accepts  TTL  or  CMOS  logic  level  inputs. 


PRODUCT  HIGHLIGHTS 

'  1.  Guaranteed  Monotonicity 

The  AD7S38  is  guaranteed  monotonic  to  14-tnt8  over  the  full 
temperature  range  for  all  grades. 

2.  Low  Cost  I  - 
The  AD7S38,  with  its  14-bit  dynamic  range,  affords  a  low 
cost  solution  for  12-bit  system  upgrades. 

3.  Small  Package  Size 

The  AD7S38  is  packaged  in  a  small  ^pm^  <e.f  Di^  and  a 
24-pin  SOIC. 

4.  Low  Output  Leakage 

By  tying  Vss  (Pin  24)  to  a  negative  voltage,  it  is  possible  to 
achieve  a  low  output  leakage  "•""^ftjigift'll?'  ifff'"P*™"TT*  ' 

5.  Wide  Power  Supply  Tolerance 

The  device  operates  on  a  -I- 12  to  +  15V  Vdd>  with  a  ±  5% 
tolerance  on  this  npminal  figure.  All  specifications  are  guaran- 
ma  (njer  tbis  in>^.     '  ■ ,  -(Tr  . 
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VIIIHIM 

svcnaoa 

TVcnioa 

Uato     **  ' 

ACCURACY 

Resolution 

14 

14 

14 

14 

Bits 

:  RduiVBAixilxtar  f 

±2 

±1 

±2 

±1 

LSBmax 

All  grades  guaranteed  monotonic 

±1 

±1 

±1 

±1 

LSBmax 

over  temperature . 

'  FUl-SMrBcrar 

MeasuKd  using  internal  Rfb 

+  2S"C 

±4 

±4 

±4 

±4 

LSBmu 

DAC  zegisten  loaded  with 

±8 

±5 

±10 

aais. 

Gain  Tanpetanixe  Coeffidem^  i 

.  -  •  -  ^  ■ '  <? 

Afi«iti/ATi  m|ii  Miio 

±2 

±2 

±2 

±2 

ppm/Xim 

OuqntLeiliigeQilnMIiWTd&S)" 

+  25"C 

±5 

±S 

±5 

±5 

nAnux 

All  digital  inputsOV 

±10 

±10 

±20 

±20 

nAmax 

Vss  =  -  300mV 

TniB  to  Tnu 

±25 

±25 

±150 

±  150 

nAmax 

Vss=OV 

REFERENCE  INPUT 

Input  BrrittanfT-^PnU 

3.5 

3.S 

3.5 

3.5 

kOmin 

Typical  Input  Resistance = 6kn 

 i 

Ufl,.  

10 

10 

Ml  max 

msia^iesifts  —  —  ■ 

i  I 

ViHdnpiiiHiiliValt^) 

2.4 

2.4 

2.4 

2.4 

Vmin 

Vii,(Inpal  Low  Voltage) 

0.8 

O.S 

0.t 

0.8 

Vmai 

IfN  (Inpnt  Current) 

+  2S°C 

±1 

±1 

±1 

±1 

(lAraax 

Vip=i>V»Vsn-  -  ....  0  ». 

TnuntoTa,^ 

±10 

±  10 

±  10 

±10 

(lAmax 

Gin  (Input  Capacitance)' 

7 

7 

7 

7 

pFinax 

POWER  SUPPL?               ■  C. 

VooRange 

1I.4/I5.75 

11.4/15.75 

11.4/15.75 

11.4/15.75 

Specification  guaranteed  over 

VKRange 

-20&/-500 

-20^-500 

-20(V-S00 

-200/-sao 

in V  min/inV  max 

dutraoge 

Idd 

4 

4 

4 

An  digstil  ittpaai  Vilot  Vm 

500  , 

500 

liAniax 

AUdigittliiQMitsOVqrVop  . 

-■.  55(.an  ill 


These  characteristks  are  included  for  Design  Guidance  oiriir  and  an  1^ 
AC  PcRFORMANbL  CHARACllKliTICS  Oul|wtAffl|ilfieris«l711exceptwlnrestated.) 


Ta=25"CT.=T^,T. 


Output  Cuitent  Settling  Hme 


l£ait^]^!^eedt6iougii'£«ror 

Power  Supply  Rejectkm 

AGainyAVoD 
OwputCuwrittncc 

CourCfliiS) 
CoirrCPmS) 
Output  Noise  Voltage  Deniity 
(lOHz-lOOkHz) 


K5-       •  •■ 


±0.01 

±0.02 

2«0 

260 

130 

130 

IS 

^.srnax 


nV-sectyp 


mVp-ptyp 


%per%iDax 

pFmax 
pFmax 

nVvHityp 


To  0.003%  of  full-stale  range. 
IouTload=  lOOn, 

Cext  =  1 3pF.  DAC  register  alternately 
loaded  with  alll  s  and  all  Os . 
Typical  value  of  Settling  Time 
is0.8|u. 

Measured  with  Vref  =  OV.  Iout  'oad 
ilW)n,CEXT=  13pF.  DAC 
icgbtn  alternately  loaded  with  all 
Is  and  all  Os. 

Vref=  ±  lOV,  lOkHz  sine  wave 
DAC  register  loaded  withallOs. 


AVd 


±5% 


DAC  register  loaded  with  all  Is 
DAC  register  loaded  with  all  Os 

Measured  between  RpB  and  Iout 


NOTES 

'Tenq^entmerangeasliiiilmn:    J.KVersioDs:  Oto+TO^ 

A,BVeni(>nK  -25'Cto+85°C 

S,T  VeitiWBs        -  SS'C  to  +  Xmi 
^Specifications  areguaranteedforaVojii*f +l|iiWf  to  +  15.75V.  AtV^*ii,Aedevicei«fiiq)rliiocdanil«id>< 
'Sample  tested  to  ensure  complunide^ 
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TIMING  CHARACTERISTICS^ 


(V„=  +11.4¥to  +  15.75V, V„=  +10V,V™3=Vp«,=(W.Vss=OTor  -JjOOmV 
M  spaialMions  Tni,  Is     linlBtt  oliMMM  statid.  $88  Fi^^ 


TA=0to  +7VC 

Limit  at 

Tcit  CoadilkMM/CoaiBieMB 

t: 
ti 

U 

t4 

ts 

0 

17D 

MO  ' 
20 

0 

200    .       .,<,.,  . 

m      '.  ,.„..'"' 

0 
0 

240 

nsmin 

nsmin 
nsmin 
nsmin 

CS  to  WR  Setup  Time  .i;r. 

CS  CO  WR  Hold  Time 

LDAC  Pulse  Widfli^'  -   :    .  v 

Write  Pulse  Width  .. 

Dau  Setup  Time 

DataHoldTizne    ,  7 

NOTES         -  ' 

'Temperature  nmge  as  follows:  J,  K  Versions: 
A,  B  Versions: 
S,T  Versions:: 

SpediicatHms  subject  to  change,  withput  notice. 

ABSOLUTE  MAXIMUM  RATINGS* 

(Ta  =  +  25°C  unless  otherwise  stated) 
Vdd  (Pin  23)  to  DGND  ........  . 

Vss  (Pin  24)  to  AGND  

Vref  (Pin  1)  to  AGND  

Vrfb  (Pin  2)  to  AGND  

Digital  Input  Voltage  (Fins  6-22) 

to  DGND  

VpiN3  to  DGND  

AGND  to  DGND  

Power  Dissipatioii  (Any  Package) 

To  +75'C   

Deiaies  above  +75'C  


'  Bto  +70°C 
-25°Cto  +85°C 
•   n*5°p<o  +  125X 


-0.3V,  +  17V 
-15V,  +0.3V 
....  ±25V 
....  ±25V 


-0.3V,  Vdd  +0.3V 
-0.3V,  Vdd  +0.3V 
-0.3V,  Vdd  +0.3V 


.  lOOOmW 
10mW/°C 


!■  '     \<, -TtaxKittl  t  : 

•■  \- -T   .  A   •.;  ,       /jiif-ib  tsima  Sii   ■  ■  ! 

--Qa- .     '        \\:'.  or.-  IS  VrsiBo  tal  ..  ' 

-■■  ■••  y'-'--  ■ '  :  ■■  •  ■■  •  J  o-t'.a         ■  - 

Operating  Temperature  Range 

Commercial  ( J ,  K  versions)  .  .  .  ,   0  to  +  70°C 

Industrial  (A,  B  versions)  .  t—.-   -  25°C  to  +  85°C 

Extended  (S,  T  versions)  -  55°C  to  +  125°C 

Storage  Temperature  -65°C  to  +  150°C 

Lead  Temperature  (Soldering,  lOsec)   +300°C 

*Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may 
cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and 
functional  operation  of  the  device  at  these  or  any  other  conditions  above 
those  indicated  in  the  operational  sections  of  this  specification  is  not 
implied.  Exposure  to  absoliue  maximum  radng  ooiu&ioiis  for  extended 
periods  may  affect  device  reliability. 


CAUnON  

BSD  (dectiostatic  disdiaige)  sensi^  .devkx.  The,digind  cmtnA^s^^ 
however,  permanent  damage  may  occur  on  uncannected  devices  sul^ect  to  hi^  energy  «toctnK 
Matic  fidds.  Unused  devices  must  be  stored  in  conductive  foam  or  shimts.  The  protective  fisun 
should  be  disdiaiged  to  the  destination  socket  before  devices  are  inserted. 


WARNING! 


OS  !  I 


-H  1^ 


LDAC  - 


.  SV 
OV 


 r 


OV 


■  5V 
OV 


1.  Aa  mPUT  StONAL  nSE  ANP  FAU  TIMES  MEASURES  FROM  10%  TO 
S0%  OF  +5V.  t,=O=20ns. 

2.  TIMING  MEASUREMENT  REFERENCE  LEVEL  IS  ^ 


3.  H  LDAC  IS  ACTIVATED  PRIOR  TO  THE  RISING  EDGE  OF  WR. 

THEN  rr  MUST  STAY  LOW  FOR  t,  or  LONGER  AFTER  WR  GOES  HIGH. 


•TTl>i 

.,i,«N  CONFIGURATION 


Figure  1.  AD7S38  Timing  Diagram 
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Relative  accxmmfiiS^ft^UA  km^tim^tpliet  mteuifc  of^  . 

end-points  a[  the  DAC  tianrfef  function.  It  is  Measiired  after 
adjusting  for  zoo  error  and  full-scale  enor  and  is  noim^y 
expressed  in  LiiiiS'SSi^ffi&it  Bits  or  as  a  pen^lb^  of  fioll-scale 

reading. 


"  ,I1ie9tt0aaefff:iiiarg(^46iecMd  from  tbe  ^p^  I^^W^ 
analog  output  when  ilie  inputs  change  state  called  IMgital-nFAna- 
log  Glitch  Impulse.  This  is  normally  specified  as  the  ar«i  of  the 
glitch  in  either  pA-sei^  or  nV-secs  depending  iqxin  whether  the 
glitdi  is  measured  as  a  curr^t  or  voltage.  It  is  measured  with 
Vref=AGND. 


DIFFERENTIAL  NONLINEARITY 

Differential  nonlinearity  is  the  difference  between  the  measured 
change  and  the  ideal  ILSB  change  between  any  two  adjacent 
codes.  A  specified  differential  nonlinearity  of  ±  ILSB  max  over 
the  operating  temperature  range  ensures  monotonicity. 

GAIN  ERROR 

Gain  error  is  a  measure  of  the  output  error  between  an  ideal 
DAC  and  the  actual  device  output.  It  is  measured  with  all  Is  in 
the  DAC  after  offset  error  has  been  adjusted  out  and  is  expressed 
in  Least  Significant  Bits.  Gain  error  is  adjustable  to  zero  with 
an  external  potentiometer. 


OUTPUT  CAPAOTANCE 

Tl^^  tfie  capacitance  &om''louT  to  AGND. 

OUTPUT  LEAKAGE  CURRENT 

Output  Leakage  Current  is  current  which  appears  at  lour  with 
the  DAC  roister  loaded  ta.«U  Os. 

IWULTIPLYING  FEEDTHROUGH  ERROR 
This  is  the  ac  error  due  to  capacitive  feedthrough  from  Vref 
terminal  to  Iqot  ^di  DAC  register  loaded  to  all  2 


raUDERING  GUIDE 


Tempeiatme 

Relative 

Full-Scale 

Package 

Model 

Range 

Accuracy 

Error 

Option* 

AD7538JN 

{)°Cto+70°C 

±2LSB 

±8LSB 

N-24 

AD7538KN 

0°Cto  +70°C 

+  1LSB 

±4LSB 

N-24 

AD7538JR 

0°Cto  +70°C 

±2LSB 

±8LSB 

R-24 

AD7538KR 

OX  to  +70°C 

±1LSB 

+  4LSB 

R-24 

AD7538AQ 

-25X10 +85°C 

±2LSB 

±8LSB 

Q-24 

AD7538BQ 

-25Xto+85°C 

+  1LSB 

+  4LSB 

Q-24 

AD7«gSQ 

-SS-tto  +  USX 

±2LSB 

±8LSB 

Q-24 

AD7538TQ 

-ssxto+nsx 

+  ILSB 

±4LSB 

Q-24 

♦N  =  Plastic  DIP;  Q  • 
Infonnation  section, 

WN  FUNCTION  DESCRIPTION 


Ceidip;  R  ^  SOIC.  For  outline  iatotiik^  ate  fidagis 


PIN 

MNEMONIC 

1 

Vref  - 

2 

RpB 

3 

lour 

4 

AGND 

5 

DGND 

6-19 

DB13-DB0 

20 

LDAC 

21 

CS 

22 

WR 

LiJ 

. ' — r* 

DESCRIPTION 

Voltage  Reference. 

Feedback  resistor.  Used  to  close  the  loop  around  an  external  op  amp. 
Current  Output  Teiminal. 
Analog  Ground 

Digital  Ground  _  ^ 

DataInputs.Bitl3(MSB)toBitO(LSB).  '  _^ 

Chip  Select  input.  Active  LOW.  .  v 

Asynchronous  Load  DAC  input.  Active  LOW. 
Write  input.  Active  LOW. 


C5 

LbAC 

WR 

OPERATION 

0 

1 

0 

Load  Input  Register. 

1 

0 

X 

Load  DAC  Register  from  Input  Register. 

0 

0 

0 

Input  and  DAC  Registers  are  transparent 

1 

1 

X 

Nooperation.             ■'  r-j'-.  ?. 

X 

1 

1 

No  operation. 

NOTE:  X  =  Don't  Care. 


23         Vdp  .  +  12y  to +I5V  supply  input. 

2^         Vss  BiaapioferKigliTempenitureLowLealagecoiifiguration.Toimplementlowleakagesystem, 
the  pin  should  be  at  a  negative  voltage.  See  Figures  4  and  S  for  recommended  circuitry . 
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D/A  SECTION 

Figure  2  shows  a  simplified  circuit  diagram  for  the  AD7538 
D/A  section.  The  three  JWSBs  of  the  14-bit  Data  Word  are 
decoded  to  drive  the  seven  switches  A-G.  The  1 1  LSBs  of  the 
Data  Word  consist  of  an  R-2R  ladder  operated  in  a  current 
steering  GoM^e^§j>a*  '  o-4iu 


CDtClXn- INFORMATION 


Van 


•.  .-'    V.-IO  MOO  Of 


tl;l 


The  R-2R  ladder  current  is  1/8  of  the  total  reference  input 
current.  7/8  I  flows  in  the  parallel  ladder  structure.  Switches 
A-G  steer  equally  weighted  currents  between  lour  ai><l  AGND. 
Since  the  input'iijsKtflue  a^V]ta^%)  t^ytet,  it  may  be^ven 


1111 1  ni  1  1 


Figure  2.  Simplified  Circuit  Diagram  for  ttie  AD7S38  D/A 
Section 


EQUIVALENT  CIRCUIT  ANALYSIS 

Figure  3  shows  an  equivalent  drcuit  for  the  analog  section  of 
the  AD7S38  D/A  converter.  The  current  source  Iueakage  is 
camposed  of  sur&ee  and  jtmcfion  leakages.  The  resistor  Ro 
denotes  the  equivalent  output  Kesistance  of  the  DAC  vAuA 
varies  with  input  code.  Cqut  is  the  capacitance  due  to  the  current 
soering  siiytclies  and  varies  from  about  90pF  to  ISOplF  (tgjical 
values)  depending  upon  the  digital  input.  g(Vi(EF,  N>  is 
the  Thevenin  equivalent  volti^  gmerator  due  to  dieji^e^nce 
input  voltage,  Vref,  and  the  Banrfer  fiioedon  of  the  'ibAi 

-1. 


I" 


SlVnMill 


olouT 


Figure  3.  AD7S38  Equivalent  Analog  Output  Circuit 


DIGITAL  SECTICm 

The  digital  inputs  are  designed  to  be  both  TTL  and  SV  CMOS 
compatible.  All  logic  inputs  are  static  protected  MOS  gates  with 
typical  input  currents  of  less  than  InA.  To  minimiw  power 
supply  currents,  it  is  recommended  that  the  digital  input  voltages 

be  driven  as  close  as  possible  to  0  and  5V  logic  levels. 

UNIPOLAR  BINARY  OPERATION 
(2-QUADRANT  MULTIPLICATION) 

Figure  4  shows  the  circuit  diagram  for  imipolar  binary  operation. 
With  an  ac  input,  the  circuit  performs  2  quadrant  Uiill^^Bi^Uion. 
The  code  table  for  Figure  4  is  given  in  Table  I. 

Capacitor  CI  provides  phase  compensation  and  helps  prevent 
overshoot  and  Tinging  when  high-speed  op  amps  ate  used- 


Binary  Number  In 
DAC  Register 


Figure  4.  Unipolar  Binary  Operation 

Analog  Output,  Votrr 


MSB  LSB 
11  nil  1111  iin 

10  0000  0000  0000 

00  0000  0000  0001 

00  0000  0000  0000 


-V: 

-V, 

ov 


/'16383\ 
"^lT6384j 
8192 
1 16384 


Table  I.  Unipolar  Binary  Code  Table  for  AD7538 
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Os  and  amplifier  offset  (Vqs)  adjusted  so  that  Vqut  is  OV.  Adjusting 
VouT  CO  OV  is  not  necessary  in  many  applications,  but  it  is  ' 
recommended  that  Vqs  be  no  greater  than  (2S  X  lOr*)  (Vref)  to 
maintain  specified  DAC  accuracy  (sec  Ap||||ijgigpi)^Jj}nt^.  , 

Full-scale  trimndtiB  is  accomptsshed^^loadiug'die'DAC  re^sax 
with  allls  and  adjusting  Rl  sothatVoirrA  =  -ViN(ie383/I6384). 
For  high  temperature  operation,  resistors  and  potentiometers 
^uld  have  a  low  Temperature  Coefficient.  In  many  ^plications, 
because  of  the  excellent  Gain  T.C.  and  Gain  Error  specifications 
I  of  the  AD7S38,  Gain  Error  trimming  is  not  necessary.  In  fixed 

^^^^^   reference  applications,  full  scale  can  also  be  adjusted  .by.mpi^tii^ . 
RI  and  R2  and  trimming  the  reference  voltage  magnitude.  j 

BIPOLAR  OPERATION 
{4-QUADRANT  MULTIPLICATION) 

The  recommended  circuit  diagram  for  bipolar  operation  is  sliown 
in  Figure  5.  Offset  binary  coding  is  used.  The  code  table  for 
Figure  5  is  given  in  Table  II. 

With  the  DAC  loaded  to  10  0000  0000  0000,  adjust  Rl  for 
Vo^OV.  Alternatively,  one  can  omit  Rl  and  R2  and  adjust  the 
ratio  of  R5  and  R6  for  Vo=OV.  Full-scale  trimming  can  be 
accomplished  by  adjusting  the  amplitude  of  Vnj  or  by  varying 
the  value  of  R7. 

The  values  given  for  Rl,  R2  are  the  minimum  necessary  to 
calibrate  the  system  for  resistors,  R5,  R6,  R7  ratio  matched  to 
6,1%.  System  Unearity  error  is  independent  qt't^isiiyi  ratio 
matching  and  is  affected  by  DAC  linearity  error  onl^. 

When  operating  overtf^fe  temperatiire  range',^'  ii^SnpOltaat 
that  the  resistors  bs.rf.^hsj  s^ie  type  so  that  thrf''f«¥iiperiture 
coefficients  match.    '     \  ' ' 

For  further  information  see  "CMOS  DAC  AM'lieation  Guide", 
3rd  Edition,  PUblicalio;i  Jf  uiBber  G872b-8-l/89  available  from 
Analog  Oe^eicts.  J.tj). 


LiACKegisier 

AnaioguuipuivouT  . 

AqPfVUA  •:..".*iai,-..niPi 

..1    „  (sm\ 

10  Mibb'  0000  od6  i 

+^™(8ik) 

10  0000  0000  0000 

OV 

01  Ull  1111  1111 

.li  J   

,      .  /8192\ 

TpblejII.  Bipolar  Code  Table  for  Offset  Binary  Circuit  of 

be  tied  to  a  voltage  of  appnsiWt^y  -  Q. W  as  in  Figures  4  and 
S.  A  simple  resistor  divider  (R3,  R4)  produces  t^ioximsldy 
-  300jnV  fiow  -  15V.  Tbs  aipacitpr  C2  in  paralld  with  R3  is 
'  an  fittigiia  part  Bf  flie>I{)w'!%alQ^  configuration  and  mu^  be 
4.7|xF  or  greater.  Figure  6  is  a  plot  of  leakage  current  versus 
temperature  for  both  conditions.  It  clearly  shows  the  improvement 
gained  by  using  the  low  leakage  codfigu^^fln) 
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lu 
cc 
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2  ,0 


H6V 
+  10V 


Vss=  -0.3V 
./___ 


30      40     SO     60  70 


90     100    110  120 
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LOW  LEAKAGE  CONFIGURATION 

For  CMOS  Multiplying  D/A  converters,  as  the  device  is  operated 
at  higher  temperatures,  the  output  leakage  current  increases. 
For  a  14-bit  resolution  system,  this  can  be  a  significant  source 
of  error.  The  AD7538  features  a  leakage  reduction  configuration 
(U.S.  Patent  No.  4,590,456)  to  keep  the  leakage  current  low 
over  an  extended  temperature  range.  One  may  operate  the  device 
with  or  without  this  configuration.  If  Vss  (Pin  24)  is  tied  to 
AGND  then  the  DAC  will  exhibit  normal  output  leakage  current 
at  high  temperatures.  To  use  the  low  leakage  facility,  Vss  should 


TEMPERATURE  -  "C 

Figure  6.  Graph  of  Typical  Leakage  Current  vs. 
Temperature  for  AD7S3S 

PROGRAMMABLE  GAIN  AMPLIFIER 

The  circuit  shown  in  Figure  7  provides  a  programmable  gain 
amplifier  (PGA).  In  it  the  DAC  behaves  as  a  programmable 
resistance  and  thus  allows  the  circuit  gain  to  be  digitally 
controlled. 


eOM.'l  V?  btift  riT 


□IGITKL 
INPUr 


•RESISTOR  Rfb  IS  ACTUALLY 
INCLUDED  ON  THE  DICE 


Figure  7.  Programmable  Gain  Amplifier  (PGA) 
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The  transfer  function  of  Figure  7  is: 


Gain 


(1) 


Rgq  is  the  equivalent  transfer  impedance  of  the  DAC  from  the 
Vrep  pin  to  the  lour  pin  and  can  be  expressed  as 

2"R™ 


Where: 


N 


(2) 


n  IS  the  resolution  of  the  DAC 
N  is  the  DAC  input  code  in  decimal 
RiN  is  the  constant  input  impedance  of  the 
DAC  (RiN  —  Ri-ad) 
Substituting  this  expression  into  Equation  1  and  assuming  zero 
gain  error  for  the  DAC  (RiN  =  Rfb)  the  transf^ 
to 

V™ 


T 
N 


(3) 


The  ratio  N/2°  is  commonly  represented  by  the  tenn^Cjind,  as 
such,  is  the  firactimial  nqmesentation  of  the  da^eSi  i 


Equation  4  indicates  that  the  gain  of  the  circuit  can  be  varied 
from  16,384  down  to  unity  (actually  16,384/16,383)  in  16,383 
steps.  The  all  Os  code  is  never  applied.  This  avoids  an  open-loop 
condition  thereby  saturating  the  amplifier.  With  the  all  Os  code 
excluded  there  remains  2°  -  1  possible  input  codes  allowing  a 
choice  of  2°  - 1  output  levels.  In  dB  terms  the  dynamic  range  is 

Vo 


20  log,( 


20  1og,o(2°-l)  =  84dB. 


APPLICATION  HINTS 

Output  Offset:  CMOS  D/A  converters  in  circuits  such  as  Figiu"es 
4  and  5  exhibit  a  code  dependent  output  resistance  which  in 
turn  can  cause  a  code  dependent  error  voltage  at  the  output  of 
the  amplifier.  The  maximum  amplitude  of  this  error,  which 
adds  to  the  D/A  converter  nonlinearity,  depends  on  Vos,  where 
Vos  is  the  amplifier  input  offset  voltage.  To  maintain  specified 
accuracy  with  Vref  at  lOV,  it  is  recommended  that  Vos  be  no 
greater  than  0.25mV,  or  (25  x  10^)  (Vref).  over  the  temperature 
range  of  operation.  The  AD711  is  a  suitable  op  amp.  The  op 
amp  has  a  wide  bandwidth  and  high  slew  rate  and  is  recommended 
for  ac  and  other  applications  requiring  fast  settling. 

General  Ground  Management:  Since  the  AD7538  is  specified 
for  high  accuracy,  it  is  important  to  use  a  proper  grounding 
technique.  AC  or  transient  voltages  between  AGND  and  DGND 
can  cause  noise  injection  into  the  analog  output.  The  simplest 
method  of  ensuring  that  voltages  at  AGND  and  DGND  are 
equal  is  to  tie  AGND  and  DGND  together  at  the  AD7S38.  In 
more  complex  systems  where  the  AGND  and  DGND  intertie  is 
on  the  backplane,  it  is  recommended  that  two  diodes  be  connected 
in  inverse  parallel  between  the  AD7S38  AGND  and  DGND 
puis  CI|#I4  cgriCsMRMiM- 


MICROPROCESSOR  INTERFACING 

The  AD7538  is  designed  for  easy  interfacing  to  16-bit  micropro- 
cessors and  can  be  treated  as  a  memory  mai^gei  peripheral. 
This  reduces  the  amount  <tf  external  k«W0ifiVftriiitd&ciag 

to  a  minimal. 

AD7538-8086  INTERFACE 

Figure  8  shows  the  8086  processor  interface  to  a  single  device. 
In  this  setup  the  double  buffering  feature  (using  LDAC)  of  the 
DAC  is  not  used.  The  14-bit  word  is  written  to  the  DAC  in  one 
MOV  instruction  and  the  analog  output  responds  immediately. 


ie-BIT  LATCH 


Figure  8.  AD7538  -  8086  Interface  Circuit 

In  a  multiple  DAC  system  the  double  buffering  of  the  AD7538 
allows  the  user  to  simulatenously  update  all  DACs.  In  Figure  9, 
a  14-bit  word  is  loaded  to  the  Input  Registers  of  each  of  the 
DACs  in  sequence.  Then,  with  one  instruction  to  the  appropriate 
address,  CS4  (i.e.,  LDAC)  is  brought  low,  updating  all  the 
DACs  smxultaneoulsy. 


16-B4T  LATCH 


OMrrreD  FOR  CUWTT 


AD753B* 


AD7538' 
D6a-DB13 


LDAC 
WH 
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figure  9.  AD7538  -  8086  Interface:  Multiple  DAC 
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AD7538-MC68000  INTERFACE 

Figure  10  shows  the  MC68000  processor  interface  to  a  single 
device.  In  this  setup  the  double  buffering  feature  of  the  DAC  is 
not  used  and  the  appropriate  data  is  written  into  the  DAC  in 
one  MOVE  instraclion. 


A1-A23 
MCeSOOD 


ADDflESS  BUS 


cneittny. . 

DFMOAKhr 


AOT53S* 


3 


iFigure^TO:  AD^X  -  MCeaOOO  InteriAx 


DIGITAL  FEEDTHROUGH 

The  digital  inputs  to  the  AD7538  are  directly  connected  to  the 
microprocessor  bus  in  the  preceding  interface  configurations. 
These  inputs  will  be  constantly  changing  even  when  the  device 
is  not  selected.  The  high  frequency  logic  activity  on  the  bus  can 
feed  through  the  DAC  package  capacitance  to  show  up  as  noise 
on  the  analog  output.  To  minimize  this  Digital  Feedthrough 
isolate  the  DAC  from  the  noise  source.  Figure  11  shows  an 
interface  circuit  which  uses  this  technique.  All  data  inputs  are 
latched  from  the  bus  by  the  CS  signal.  One  may  also  use  other 
means,  such  as  peripheral  intet&ce  devices,  to  reduce  the  Digital 
Feedthrough. 


ADMESS 
DECODE 

1 

A07S3S* 

m 

EN 

LDAC 

16  BIT 

^ 

wn 

LATCH 

DB0-DB13 

 ^ 

Figure  11.  AD7S38  Interface  Circuit  Using  Latcttes  to 
Minimize  Digital  Feedthrough 
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FEATURES 

Improved  Version  of  AD7541 
Full  Four  Quadrant  Multiplication 
12-Bit  Linearity  (End-Point) 
All  Parts  Guarantoad  IM9no|pl#__ 
TTL/CMOS  Compsto 

Low  Cost  ,.  .  i:  . 

Protection  Schottky  Not  Reqidraid 
Low  Logic  Input  Lealcaga 


The  Analog  Devices'  AD7$41A  is  a  low  cost,  high  perfomumce 
12-bit  monolithic  multiplsniig  digital  to  analog  converter.  It  is 
fidsricated  using  advanced,  low  noise,  thin  film  cm  CMOS  tedi- 
ncdogy  and  is  available  in  a  standard  18-irin  DIP  and  in  ^terminal 
surface  ffiount  packages. 

The  AD7541A  is  functionally  and  pin  compatible  with  the  industry 
standard  AD7341  device  and  offers  improved  specifications  and 
performance.  The  improved.design  ensures  that  the  device  is 
latcb-up  free  so  no  output  Schottky  protection  diodes  are 
required. 

lliis  new^device  uses  laser  wafer  trimming  to  provide  full  12-bit 
end-point  finc^^if       w^H^w^       perfotiaance  gt@^' 

PRODUCT  HIGHLIGHTS 

Compatability:  The  AD7541A  can  be  used  as  a  direct  replacement 
for  any  AD7541-type  device.  As  with  the  Analog  Devices  AD7541i 
the  digital  inputs  are  TTL/CMOS  compatible  and  have  been 
designed  to  have  a  ±  1m.A  maximum  input  current  requiremoit 
so  as  not  to  load  the  driving  circuitry. 


FUNCTIONAL  BLOCK  DIAGRAM 


Vref, 


O  O 

BIT  1  IMSBI     BIT  2 


DIGITAL  INPUTS  (DTL/TTL/CMOS  COMPATIBLE) 
Logic:  A  switch  is  closed  to  Iquti  for 

its  digital  <«*ut  iM  "4UGH"  state. 


Improvements:  The  AD7S41A  offers  the  {Slotting  imptovied 
specifications  over  the  AD7S41: 

T.  <3sin  Error  for  all  grades  has  been  reduced  with  premium  ■  .  , 
grade  versions  having  a  maximum  gain  error  of  ±  3LSB.  / 

2.  Gain  Error  temperature  coefRcient  has  been  reduced  to  2ppm/ 

"C  typical  and  Sppm/^C  maximum. 

3.  Digital  to  analog  charge  injection  energy  for  this  new  device 
is  typically  20%  less  than  the  standard  AD7S41  part. 

4.  Latch-up  proof. 

5.  Improvements  in  laser  wafer  trimming  provides  1/2LSB  niax 

temperature  range  (vs.  ILSB  on  oldor  7S41  types). 

6.  All  grades  are  guaranteed  monotonic  to  12  bits  over  the 
operating  temperature  range. 


ORDERING  GUIDE' 


ModeP 

Temperature 
Range 

Relative 

Accuracy 

T„i.toT^ 

Gain 

Error 

Ta  =  +25''C 

Package             .'.>,■  ,~\.< 
Options' 

AD7541AJN 

0to-h70°C 

+  1LSB 

+  6LSB 

N-18     t  , 

AD7541AKN 

0to+70°C 

±  1/2LSB 

±ILSB 

N-18 

AD7541AJP 

0to+70°C 

±1LSB 

+  6LSB 

P-20A  

AD7541AKP 

0to+70°C 

+  1/2LSB 

±1LSB 

P-20A 

AD7541AAQ 

-25°Cto+85°C 

+  1LSB 

±6LSB 

Q-18 

AD7541ABQ 

-25°Cto  +85°C 

±  I/2LSB 

+  1LSB 

Q-18 

AD7541ASQ 

-55°Cto  +  125°C 

±1LSB 

±6LSB 

Q-18 

AD7541ATQ 

-ssxto  +  ns-c 

±  1/2LSB 

±1LSB 

Q-18  - 

AD7541ASE 

-55°Cto  +  125°C 

±1LSB 

+  6LSB 

E-20A 

AD7541ATE 

-ss-cto  +  ns'c 

+  1/2LSB 

+  1LSB 

E-20A 

NOTES 

'Analog  Devices  naenics  (be  right  R>  <hip  dther  cenunic  (D-18)  or  cenUp  (0-18)  ;aciiiie&  padoges. 
order  MIL-STD-883,  Class  B  processed  pans,  add  ISS3B  to  pan  number.  Connct  teed  sales 

office  for  military  data  sheet.  ■    i-r  •',;s\u^      ...^  .„ 

=  Leadless  Ceramic  Chip  Carrier  (LCCC);  N  =  Plastic  DIP;  P  =  Plastic  Leaded  Clip  Oillisr.{FMX%y 
Q  =  Cerdip.  For  outline  information  see  Package  Information  section. 
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W7541A-SPECIFICATI0NS  » 


Ido=  +1SV,Vkf=  +10V;OUT1  =  OUT  2  =  GNO  =  OV  unless  ottiemise  speciM) 


Ta  = 
+25-0 


T-„T_ 


Units 


Test  Coa^^lu/CoiBniaits 


G>inTanperaIitfe^:aefliSe^ 

AGain/ATemperaturc 
Output  Leakage  Current 


■^f^—it-*- 
I 


AU 

],A,S 
K,B,T 
J,A,S 
K,B,T 

J.A,S 
AU 


12 

±1/2 

±1 

±1/2 

±fi 
±3 


12 

±1/2 

±1 

±1/2 

±8 
±5 


Bits 

LSB  max 
LSBmax 
LSB  max 
LSBmax 

LSBmax 
LSBmax 


±1LSB=  ±0.024%ofFullScale 
±1/2LSB=  ±0.012%  of  FuU  Scale 
Allgiwlesguaraiiteedffimionxlic 
tol2lMts,T^toT„„a 

Measured  luing  internal  Rra  and  hwtlid<[> 
effect  of  leakage  current  and  gain  T.C. 
Gain  enorcan  be  trimmed  to  zrao. 


ppm/'Cmax     Typical  value  is  2ppin/°C. 


OUTl(Pinl) 

OUT2(Pin2)               ,  ^- 

I,K. 

J,K 
A,B 

S,T 

±5 
'  ±5 
±5 
±5 
±5 
±5 

±10 
±10 

±200 

±10 
±10 
±200 

nAmax 
nAmax 
nAmax 

nAmax 
nAmax 
nAmax 

All  digital  inputs  =  OV. 
AU  digital  inputs  =  Vjya- 

REFERENCE  INPUT 
Input  Resistance  (Pin  1 7  to  GND) 

All  7-18 

7-18  knmin/max 

'.nriim..'*-  '  >'—i\ 

Typical  input  resistance  =  1  IkO. 
Typfcriinputreasttnc^twaperaiure  coefficient  = 

mCITAL  INPUTS 
Vm  aupmHIGHValt^) 

ViL  (Input  LOW  Voltage)  - 

liN  (Input  Current) 
CiN  (Input  Capacitance)^ 

AU 
All 

•  Ali  ' 

2.4 

0,S 
±1 
8 

2.4 
0.8 
±1 

8 

Vmin 
Vmax 
(j-A  max 
pF  max 

Logic  inputs  are  MOS  gates.  IiNtyp(2SX0  -  InA. 

ViN  =  OV 

POWER  SUPPLY  REJECTION 
AGain/AVoD 

AU 

±0.01 

±0.02 

%per%  max 

AVdd-  ±5% 

POWERSUPPLY  .,           ,  i.!:..i-ru-«OT-.i;uio<}C., 
VooRange                        T...T,uitt,c^  "  ^'i' 

+  5  to  +  16 
2 

.-     ISO      ■  ■ 

+  5  to  +  16 
2 

JOO    '(  . 

y  vamN  max 
mAmax 

Accuracy  is  not  guaranteed  over  this  range. 
AU  (^Gd  inpu^  Vn^or  Vih> 
^IftdigjltalixiputsOVcnrVsD-         -  v.- 

AC  PERFORMANCE  CHARACTERISTICS 

llnse  Cltaracteristics  are  Included  for  Design  Guidance  Only  and  are  not  Subject  to  Test 
Va,  = +1»/Vh= +tWe«Ga|it«iitienslalBil,0UT1  =  0UT2  =  GND  =  OV.Oulputita^ 

Parameter 

Ta  = 

+25t: 

T*  = 

tJiiits 

Test  Conditidiu/CMiientB 

PROPAGATION  DELAY  (From  Digital  Input 
Change  to  90%  of  Final  Analog  Output) 

AU 

100 

nstyp 

OUT  1  Load  =  lOOnCEXT  =  13pF 
Digital  Inputs  =  OVtoVoDorVoDtoOV. 

DIGITAL  TO  ANALOG  GLITCH 
IMPULSE   

AU 

1000 

nV-sec  lyp 

Vref=  OV.AU  digital  inputs  OV  10  VoDorVoD 
toOV. 

Measured  using  Model  50K  as  output  amplifier. 

MULTIPLYING  FEEDTHROUGH  ERROR' 
(VREFtoOUTl) 

AU 

1.0 

mV  p-p  typ 

Vref  =  ±  lOV,  lOkHz  sine  wave. 

OUTPUTCURRENTSETTLINGTIME  , 

AU 

•  a.6 

jistyp 

ToO.01%  of  full  scale  range. 
OUTl  load  =  100n,CEXT  =  13pF. 
Di^^iapt^'U-?  OVlQiVDDorVDDtoOV 

OUTPUT  CAPACITANCE 
CounQ^l)                                V  i 

CotmCKnl) 
Cotrn{Pin2) 

j200 
,  70 
70 
200 

200 
70 
70 
200 

pFmax 
pFmax 
pFmax 
pFmax 

Digital  Inputs 

=  VoK 

Digital  Inputs 

=  V,L 

^iDiperuiirefaiigeasfidloVn:  J,  K  versions:  Oio+70°C 

A,Bversions:  -25°Cto+85°C 
S,'l  versions:  -  55''C  to  +  125°C. 
Guaranceed  by  design  but  noi  produciion  tested. 

minimize  feedthrough  in  the  cenmic  package  (Su0ix  D)  the  user  must  ground  the  metal  lid. 
S|iedficifiousulqectu>cfaiDge«idKiiitiiotior.  - 
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ABSOLUTE  MAXIMUM  RATINGS* 

(Ta  =  unless  effiSwfilftSaja) 

voDtoGND  . .  j, . .  +i7v 

VrefIoGND  .  .  -..f,  ,  „  .  .  .  +25V 

VRFBtoGND  ±25V 

Digital  Input  Voltage  to  GND         .  ,       -0.3V,  Vdd  +  0.3V 
OUT  1,  OUT  2  to  GND   ....     .  .  .    -0.3V,  Vdd  +0.3V 

Power  Dissipation  (Any  Package) 

To  +75'C    ....  .  .  ......  ...   450mW 

Deratesabove  -FTSt'.  .■:  ....  .  .  ,  1'.  ....  6mWI*C 


Operating  Temperature  Range 

Commercial  (J,  K  versions)  0  to  +70°C  ' 

Industrial  (A,  B  versions)   -25°C  to  +85°C 

Extended  (S,  T  versioiB)  -  55°C  to  +  125°C 

Storage  Temperature  -  65°C  to  +  150°C 

Lead  Temperature  (Soldering,  lOsecs)   +300°C 

•Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may 
cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and 
funcuonal  operation  of  the  device  at  these  or  any  other  conditions  above 
those  indicated  in  the  operational  sections  of  tlf&  specification  is  not 
implied.  Exposure  to  absolute  maximum  rating  conditions  for  extended 
periods  may  affect  device  reliability. 


CAUTION   

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protect- 
ed; however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy 
electrostatic  fields.  Unused  devices  must  be  stored  m  conductive  foam  or  shunts.  The  protective 
foam  should  be  discharged  to  the  destination  socltet  before  devices  are  removed.  .. 


WARNING! 


TERMINOLOGY 

RELATIVE  ACCURACY 

Relative  accuracy  or  endpoint  nonlinearity  is  a  measure  of  the 
maximum  deviation  firom  a  straight  line  passing  through  the 
endpoints  of  the  DAC  transfer  fimction.  It  is  measured  after 
adjusting  for  zero  and  full  scale  and  is  expressed  in  %  of  iiill 
scale  range  or  (sub)multiples  of  ILSB. 

DIFFERENTIAL  NONLINEARITY 

Differential  nonlinearity  is  the  difference  between  the  nuasurtd 
change  and  the  ideal  ILSB  change  between  any  two  adjacent 
codes.  A  specified  differential  nonlinearity  of  ±  }LSB  max  over 
the  operating  temperature  range  maStfA^S:0&l&^iaxy. 

GAIN  ERROR  1  J 

Gain  etost  is  a'  measure  of  the 'output  errifr%tv»iiien  an  ideal 
DAC  and  the  actual  device  output.  For  the 

/  4095  \ 

AD7541A,  ideal  maximum  output  is      ^g^g  j  (Vref  )•  Gain 

error  is  adjiistaUe  to  zeroising  rmnaA  trims  as  shown 
in  Figiues  4,  4  and  6. '  . 


OUTPUT  LEAKAGE  CURRENT       '  K  souncn  laqm  yfl 

Current  which  appears  at  OUTl  with  the  I>ACtdt0e(l>ti>ak|l  OsJT/ 
or  at  OUT2  with  the  DAC  loaded  to  all  Is. 

MULTIPLYING  FEEDTHROUGH  ERROR 

AC  error  due  to  capacitive  feedthrongh  firom  Vr^  tttniuW  to"' 
OUTl  with  DAC  loaded  to  aU  Os. 

OUTPUT  CURRENT  SETTLING  TIME 

Time  required  for  the  output  fimction  of  the  DAC  to  settle  to 
within  1/2LSB  for  a  given  digital  input  stimulus,  i.e.,  0  to  Full 
Scale. 


''^  1  '^FEEDBACK 

]?]  Vref  in 

^e]  Vqd  {+) 

GND  4 

Tsl  Bljri2(L8B) 

BITIIMSB)  5 

lT|  Bit  11 

BTTZ  6 

la]  BIT  10 

BiT3  7 

Iz]  BIT  9 

SIT4  8 

ZD 

NC  =  NO  CONN 

PROPAGATION  D^LAY 

This  is  flrPwasuie.vfitlH;  internal  delay  of  die  circuit  and  is 
measured  bom  the  tinK  a  digital  input  changes  to  the  point  at 
which  the  analog  output  at  OUTl  reaches  90%  of  its  final  value. 

DIGITAL-TO-ANALOG  CHARGE  INJECTION  (QDA) 
This  is  a  measure  of  the  amount  of  charge  injected  from  the 
digital  inputs  to  the  analog  outputs  when  the  inputs  change 
state.  It  is  •osuidly  speeded  as  the  area  of  the  gliteh  in  aV-«kS"' 
and  a  ineasoKdirith  Vti^^  GND  and«  Model  SOK  iisfte'  - 
oBq»Bt  qp.'«8m,.Xa  ^hase  amsjprt/mtmit^fgl^^'-        '  ' 

PIN  CONFIGlfltATiQN&  -i  .  

LCCC  PLCC 
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O     O     Z     CC  ^ 
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TOP  VIEW 
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GENERAL  CRCUIT  INFORMATION 

The  simplified  D/A  circuit  is  shown  in  Figure  1.  An  inverted 
R-2R  ladder  structure  is  used-that  is,  the  binarily  weighted 
currents  are  switched  between  the  OUTl  and  0^2  bus  lines, 
thiia  mamtaining  a  r-niMWnt  gmreiit  in  mifltMrr  leg  indepeii^|^ 


of  the  switch  state. 


'""o— 

10k 

10k 

10k 

|20k 

?20k  : 

:  20k 

:20k  1 

As-1 

0S2  ( 

|S-3  / 

-O0UT2 
-OOUTl 


DIGITAL  INPUTS  (□TL/m/CMOS  ^Ugg^Jpl^BI 
Logic:  A  switch  is  doiad  to  louTI  ^ 

its  disital  input  in  a  "HIGH"  sta«>. 

Figure  1.  AD7541A  Functional  Diagram  (Inputs  "High") 

The  input  resistance  at  Vref  (Figure  1)  is  always  equal  to  Rujr 
(fkxtR  is  tbe  R/2R  ladder  characteristic  resistance  and  is  equal 
to  value  "R")-  Since  Rin  at  the  Vkef  pin  is  constant,  the 
reference  terminal  can  be  driven  by  a  reference  voltage  or  a 
reference  current,  ac  or  dc,  of  positive  or  negative  polarity.  (If  a 
current  source  is  used,  a  low  temperature  coftfiricnt  BltilirMl 
RpB  is  recommended  to  define  scale  factor.) 

EQUIVALENT  CIRCUIT  ANALYSIS 

The  equivalent  circuits  for  all  digital  inputs  LOW  and  all  digital 
inputs  HIGH  are  shown  in  Figures  2  and  3.  In  Figure  2  with  all 
digital  inputs  LOW,  the  reference  current  is  switched  to  OUT2. 
The  cuitent  source  Ileakage  is  composed  of  surface  and 
junction  leakages  to  the  substrate,  while  the  1/40%  current 
source  represents  a  constant  1-bit  current  drain  through  the 
termination  resistor  on  the  R-2R  ladder.  The  "ON"  capacitance 
of  the  output  N-channel  switch  is  200pF,  as  shown  on  the 
OUT2  terminal.  The  "OFF"  switch  capacitance  is  70pF,  as 
shown  on  the  OUTl  terminal.  Analysis  of  the  circuit  for  all 
digital  inputs  HIGH,  as  shown  in  Figure  3  is  similar  to  Figure 
2;  however,  the  "ON"  switches  are  now  on  tenninal  OUTl, 
hence  the  200pF  at  that  terminal. 


Ir'f  |3|/i«»    I  H 'leakage 


200pF 


<7 

Figure  2.  AD7S4iADAC  Equivalent  Circuit  AH  Digital  Inpitis' 

LOW  '■"  ■  ■  ^'  ■ 


R*16k 
VRtfO-^SAA^ 


Iref  (leakage  -I-  200pF 

V  V 


f.'  11.. , 


Figure  3.  AD754 1A  DAC  Equivalent  Circuit  All  Digital  Inputs 
HIGH 


Applications 


UNIPOLAR  BINARY  OPERATION 
(2-QUADRANT  MULTIPLICATION) 
Figure  4  shows  the  analog  circuit  connections  required  for 
unipolar  binary  (2-quadrant  multiplication)  operation.  With  a  dc 
reference  voltage  or  current  (positive  or  negative  polarity) 
ai>plied  at  pin  17,  the  circuit  is  a  unipolar  D/A  converter.  With 
an  ac  reference  voltage  or  current  the  circuit  provides  2-quadrant 
multiplication  (digitally  controlled  anenMtinn).  Tile  inpotlaiapat 
relationship  is  shown  in  Table  11. 

RI  provides  full  scale  trim  capabiUty  [i.e.-load  the  DAC 
register  to  1111  1111  1111,  adjust  Rl  forVour  =  -Vrbf- 
(4095/40%)].  Alternatively,  Full  Scale  can  be  adjusted  by 
omitting  Rl  and  R2  and  trimming  tlie  lefiEicDoe  voltage 


-  CI  pliw  'cninpenstfina,(liOto2SpF):in«y  be  tegniied  fa 
tOkaStfvAm  wmgM^ifBdtamfSEea.  (CI  imaedio  cancel 
the  pole  faoBe^hf  Ae  D^C  intemd  feedback  mristanpr  aoA 
aaxpm  capuciMnfr.  at  OWl); 

Amplifier  AI  should  be  selected  or  trimmed  to  provide  Vos  — 
10%  of  the  voltage  resolution  at  Votrr-  Additionally,  the 
amplifier  should  exhibit  a  bias  current  irtiidi  is  low  over  die 
temperature  range  of  interest  (bias  current  causes  output  offiet 
It  Votrr  equal  to  Ib  thnei  die  DAC  feedback  resistance,  - 
noaunally  llkO).  TtitMSM'L  is  a  high-speed  implanted  EET- 
ii9iU:aps9iq>  «idila»  AEI!Hy-trimmed  Vos-  i. 


^i-Brna 


Rgum  4.  Unipolar  Binary  Operation 


Trim 

Resistor 

JN/AQ/SD 

KN/BQ/TD 

Rl 

lOOfi 

icon 

R2 

47n 

33n 

Table  I.  Hecommended  Trim  Resistor  Values  vs.  Grades 


tenaijrNimdiariii 
DAC 

MSB  LSB 


^  1^1  11  I     1  1  11 

1000  0  0 do 
,00^*0  000  0  »#0I 

■    o'obo  WfifD"  liooo 


Analog  Ou^mj^  Viitrr 
V    f4095  ^  ■ 


ovs 


Table  II.  Unipolar  Binary  Code  Table  for  Circuit 
of  Figure  4 
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BIPOLAR  OPERATION 
(4-QUADRANT  MULTIPLICATION) 

Figure  S  and  Table  m  illustrate  the  drcuitiy  and  code  relationship 
for  bipolar  operation.  With  a  dc  reference  (positive  or  negative 
polarity)  the  circuit  provides  offset  binary  operation.  With  an  ac 
reference  the  circuit  provides  fiill  4-quadrant  multiplication. 

With  the  DAC  loaded  to  1000  0000  0000,  adjust  Rl  for  Vqut 
=  OV  (altematiTely,  one  can  omit  Rl  and  R2  and  adjust  the 
ratio  of  R3  to  R4  for  Vqut  =  OV).  Full  scale  trimming  can  be 
accomplished  by  adjusting  the  amplitude  of  Vkbf  or  by  varying 
the  value  of  R5. 

As  in  unipolar  operation,  Al  must  be  chosen  for  low  Vqs  and 
low  Ib-  R3,  R4  and  RS  must  be  selected  for  matching  and 
tracking.  AUsniatch  of  2R3  to  R4  causes  both  offset  and  Full 
Scale  error.  Mismatch  of  RS  to  R4  or  2R3  causes  Full  Scale 
error.  CI  phase  compensation  (lOpF  to  SOpF)  m0'  be  Mgufitel 
for  stabiUty,  dqiendiDg  on  amplifier  used. 


Binary  Number  in 
DAC 

MSB  LSB 


1  1  1  1  1111  1111 

1000  0000  0001 

100  0  OOOO  0  000 

0111  1111  1111 

0000  0000  0000 


Analog  Output,  Vout 


^  ) 
+^"'(24) 
OV 

-VinIj^  ) 

V  f  2048  \ 
"^InI  2048  / 


Table  III.  Bipolar  Code  Table  for  Offset  Binary  Circuit  of 
Figure  S 

Figure  6  shows  an  alternative  method  of  achieving  bipolar 
output.  The  circuit  operates  with  sign  plus  magnitude  code  and 
has  the  advantage  that  it  gives  12-bit  resolution  in  each  quadrant 
compared  with  1 1-bit  resolution  per  quadrant  for  the  circuit  of 
Figure  S.  The  AD7S92  is  a  iiilly  protected  CMOS  change-over 
switch  with  data  latches.  R4  and  R5  should  match  cadi  other  to 
0.01%  to  mainfain  the  accuracy  of  the  D/A  converter.  1 
between  R4  and  RS  introduces  a  gain  enor. 


1  POM  VAtUEl  OF  ni  AND  R 


J  SIGN  BIT 


Figure  6.  12-Bit  Plus  Sign  Magnitude  Operation 


Sign 
Bit 

Binary  Number  in 
DAC 

MSB  LSB 

Analog  Output,  Vqut 

0 

1111 

1111  1111 

+  V,N  • 

/  4095  \ 
V40%  / 

0 

0  0  00 

0000  0000 

0  Volts 

1 

0  0  0  0 

0000  0000 

0  Volts 

1 

1111 

1111  1111 

-Vm  ■ 

I  4095  \ 
V4096  / 

Note:  Sign  tdt  of  "0" 


lUtoGND. 


Table  IV.  T2-PIUSiS^n^mtfimimmmJVbletior 
Circuit  of  Figure  6 

AFTLICATIONS  HINTS 

Oalvat  fMbet:  CMOS  IVA  coDverten  eidiibit  ■  code  dqwndent 
ontpnt  naatance  irtiidi  in  turn  cm  crnae  ■  code  dependent 
error  voltage  at  tlie  output  of  the  amplifier.  The 
amplitude  of  this  ofbet,  iriiich  adds  to  die  D/A  converter 
noolineanqr,  ia  0.67  Vos  where  Vos  ia  the  amidifier  input  ofbet 
volnige.  To  maiiitani  monotonic  oijentiaD  it  is  recotmnended 
diatVosbenogteatert]ian(2S  xl(r*)  (Vkbf)      the  tenqjeranire 
range  of  operation.  Suittble  op  amps  are  ADS17L  and  ADS44L. 
The  ADS17L  is  best  suited  for  fixed  reference  applications  with 
low  bandwidth  requirements:  it  has  extremely  low  of&et  (SO|i,V) 
and  in  most  applicatirais  will  not  require  an  o£^t  trim.  The 
ADS44L  has  a  much  wider  bandwidth  and  higgler  slew  rate  and 
is  recommended  for  multiplying  and  other  applications  requiring 
&st  settling.  An  o£bet  trim  on  the  ADS44L  may  be  necessary  in 
some  circuits. 

Digital  Gtttchea:  One  cause  of  digital  glitdiea  is  cqMdlivc 
coupling  fiom  the  distal  tines  to  die  OUTl  and  OUT2 
tetmiiiab.  This  sluald  be  minimized  by  «rn-niin  die  analog 
pins  of  the  AD7S41A  Cpins  1,  2, 17,  18)  from  the  digital  pins  by 
a  ground  track  run  between  pins  2  and  3  and  between  pins  16 
and  17  of  the  AD7S41A.  Note  how  the  analog  pins  are  at  one 
end  of  the  package  and  separated  from  the  digital  pins  by  Vdd 
and  GND  to  aid  screening  at  the  board  level.  On-chq>  capadtive 
coupling  can  also  give  rise  to  cioastalk  fiom  the  digital  ts  andog 
sections  of  the  AD7S41A,  partictilarly  iritfa  Id^ 

currents  and  &st  rise  and  fidl  times. 


-«EV.A 
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Temperature  Coefficients:  The  ^in  temperature  coefficient  of 
the  AD7541A  has  a  maximum  value  of  5ppm/°C  and  a  typical 
value  of  2ppm/°C.  This  corresponds  to  worst  case  gain  shifts  of 
2LSBs  and  O.SLSBs  respectively  over  a  100°C  temperature 
range.  When  trim  resistors  Rl  and  R2  are  used  to  adjust  full 
scale  range,  the  temperature  coefficient  of  Rl  and  R2  should 
also  be  taken  into  account.  The  reader  is  referred  to  Analog 
Devices  Application  Note  "Gain  Error  and  Gain  Temperature 
CoefQcieU  gf  CMO^ Applying  DAGs",  Publicatian  Number 
E630c-5-3ffl6. 

SINGLE  SUPPLY  CWBUiTION 

Figum'7t^jm:il^$im5«IIA<«i^B^£9i'&Voltage  switching 
mode.  OUTl  is  connected  to  the  reference  voltage  and  OVTl  is 
ecHmected  Co  GND.  The  D/A  converter  output  voltage  is 
available  at  the  Vref  pin|(pin  17)  and  has  a  constant  output 
inipe^aE^  ec}u«l  ^  .Hldr-  The  feedback-  (c^tor  RpB  is  not  ' 
tised  in  this  circuit.        ;      <  i 


The  reference  voltage  must  always  be  positive.  If  OUTl  goes 
more  than  0.3V  less  than  GND  an  internal  diode  will  be  turned 
on  and  a  heavy  current  may  flow  causing  device  damage  (the 
AD7541A  is,  however,  protected  from  the  SCR  latch-up 
phenomenon  prevalent  in  many  CMOS  devices).  SmBlbfe 
references  include  the  AD580  and  AD584.  • 

The  loading  on  the  reference  voltage  source  is  code  dependent 
and  the  response  time  of  the  circuit  is  often  determined  by  the 
behavior  of  the  reference  voltage  with  changing  load  conditions. 
To  maintain  linearity,  the  voltage  at  OUTl  should  remain 
within  2.5V  of  GND,  for  a  Vdd  of  15V.  If  Vrd  is  reduced  from 
15V  or  the  reference  voltage  at  OUTl  increased  to  more  than 
2.5V  the  differential  nonlinearity  of  the  DAC  will  increase  and^ 
the  linearity  of  the  DAC  will  be  degraded.  i  ,  ■■'v: 

SUPPLEMENTAL  APPLICATION  MATERIAL  " 

For  ijcnher  information  on  CMOS  multijplyi^g  p/A  converters 
the  reader  is  referred  to  the  following  te^:  , 

CMOS  DAC  Application  Guide,  Publkatioh  Number 

G872b-8-l/89  avaikible  &om  Analog  Devices. 

Gain  Error  and  Gain  Temperature  Coefficient  of  CMOS 
Multiplying  DACs  Application  Note,  Publication  Number 
E630c- 5-3/86  available  from  Analog  Devices. 


Analog-Digiial  Conversion  Handbook  - 
Anal^  Deviees,  ew^ljfSS.. 


available  from 


Figure  7.  Single  Supply  Operation  Using  Voltage  Switching 
Mode 

- .,   •. /•  iN        r.jjrtw  .  t^»do  <id}  ^"Mlir'iic.cc- 
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DEVICES 


CMOS  12-Bit  Monolithic  MulUpli^i^ 
CMOS  D/A  Converter 


PM-7541A 


FEATURES 

•  7541  with  Improved  Accuracy  and  Ruggedness 

•  ±1/2  LSB  Max  Nonlinearity  Over  Full  Temp.  Range 
(12-Bit  Linearity) 

•  ±1  LSB  Max  Gain  Error  -  No  User  Adjustment  Requtred  - 

•  Less  Than  0.03  LSB  Max  Zero  Scale  Error  (5nA) 

•  Low  Gain  Tempco  5ppm/°C  Max 

•  All  Data  Input  Pins  Designed  with  ESD  Protective  Circuitry 

•  Full  Four-Quadrant  MultipHcation 

•  Low  Power  Consumption 

•  Low  Feedthrough  Error  and  Digital  Chage  InfecUoil 

•  Superior  Power  Supply  Rejection 

From  +5Vto  +15V  OOlf^Hat 

•  Direct  Replacement  for  AD7541  and  AD7541 A 

•  Both  DIP  Packages  Suitable  for  Auto-lnserHan,  SiHilil; 
Mount  Packaging  Available 

•  Available  in  Die  Form 


APPLICATIONS 

•  Digital/Synchio  Coiraersion  ^ 

•  Programmable  Ampllfi^ 

•  Ratiometric  A/D  Conversion 

•  Function  Generators 

•  Digitally-Controlled  Attenuators 
Digitally-Controlled  Power  Supplies^ 

•  DIgltally-Controlled  Filters 


GENERAL  DESCRIPTION   

PMI's  PM-7541A  is  a  12-bit  resolution,  current  output,  4- 
quadrant  multiplying  digital-to-analog  converter.  Manufactured 
with  advanced  oxide-isoiated,  silicon-gate,  monoiithic  CMOS 
technology,  the  PM-7541Afeatures circuitry  designed  to  protect 
dafii  inputs  against  damage  from  electrostatic  discharges. 

Laser-trimmed  thin-film  resistors  provide  true  12-bit  linearity 
with  excellent  absolute  accuracy.  The  PM-7541A's  low  power 
dissipation,  along  with  NMQS  temperature  compensating 
switches,  insures  high  performance  across  the  full  temperature 
range. 

Ttje  PM-7541 A  isasuperior  pin-compatible  replacement  for  the 
industry  standard  7541  and  the  AD7541 A  Available  in  standard 

FUNCTIONAL  PIAGRMM 


vref  loku        mn  lokn 


BIT3  ' 

(SWITCHES  SHOWN  FOR  DIGITAL  INPUTS  "HIGH") 


plastic  and  CerDIP  packages,  the  PM-7541  A  is  compatible  with 
automatic  insertion  equipment.  The  improved  performance  of 
the  PM-7541  A  permits  upgrading  existing  designs  with  greater 
ruggedness  and  accuracy.  Tighter  linearity  and  gain  error  speci- 
fications may  permit  reduced  system  parts  count  by  eliminating  I 
trimming  circuitry. 

ORDERING  INFORMATION ' 


PACKAGE 

EXTENDED 

NON- 

MILITARY' 

INDUSTRIAL 

COMMERCIAL 

GAIN 

UN- 

TEMPERATURE 

TEMPERATURE 

TEMPERATURE 

ERROR 

EARITY 

-55°Ctot125°C 

-40°Cto+85°C 

0°Ctot7D°C 

±1  LSB 

±1/2  LSB 

PM7541AAX 

PM7541AEX 

PM7541AGP^ 

±2  LSB 

±1/2  LSP 

PM7S41ABX 

PM7541AFX 

Tt2LS8 

^±1»LSB 

PM7S4tA6RC/883 

PM7541AFP 

i2LSB 

±1/2  LSB 

PM7S41AFPC 

±2  LSB 

±1/2  LSB 

PM7S41AFS 

'    For  devices  processed  in  total  compliance  to  MIL-STD-883 .  add  /883  after  part 

number.  Consult  factory  for  883  datasheet, 
t    Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

CerDIP,  plastic  DIP.  and  TO-cm  pwjkaaw:  ;  ['L 


CROSS  REFERENCE 


-  PMI 

ADI 

-4iMMifAURE  RANGE 

PM7S41AAX 
PM7541ABX 

AD7541ATD 
AD7541ASD 

MIL 

PM7541AEX 
PM7541AFX 

AD7541ABQ 
AD7541AAQ 

PM7541GP 
PM7541FPC 
PM7541AFP 

AD7S41AKN 
AD7541AKP 
AD7541AJN 

COM 

PINgCINNtfiTIONS 

'OUTI  [T 
'out  2  [T 

GND  [T 

B3  (T 
B4  (T 
B5  [T 
B6  [T 


«]  '^FEEDBACK 

E!  Vref 

«]  BT1- 
13]  BIO 
12]  Bg 
11]  88 
10]  B7 


18-HNEPOXYDIP 
(P-Suffix) 

16-RN  HERMETIC  DIP 
(X-Suffix) 

18-F^NSOL 

(S^SUff^lx) 


20-PIN  LOG 
_  (RC-Suffix) 

20-PIN  PLCC 

(P(^ffbe> 


r  liJliJUHI-rs 

GND  TJ  [m 

61  (MSB)  T]  [17 

B2  7]  \n 

B3  2} 

B4  T| 

S  S  (4  S  S 


B12(LSB) 
B11 


[15  BIO 
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DIGITAL-TO-ANALOG  CONVERTERS  2-513 


M^^^II/yaMUM  RATINGS 

(T.  - +25°C,  unless  otherwise  noted) 

V--(toGND)  ±17V 

Vp,gp(toGND)  ±25V 

Vppa  (to  GND)  ±25V 

Digital  Input  Voltage  Range  ..u,^.,,,.,.:;  V^^  to  GND 

Operating  Temperature  Range     .   , , 
AX/BX/ARC/BRQY«'^'0^r""««*-«»s-*<^-  -S5°Cto  +125''C 
EX/FX/FP/FPCfl?SAto«lsBSj«j/4u;.f8**ws.^  -iO'C  to  +85-0 

GP  Version  ..^^.fcs^,^,  O'C  to  +70°C 

Junction  Temperature  ....m«.~-  +150°C 

Storage  Temperature  „   -65°C  to  +150''C 

Lead  TemiMfature  (Soldwir^,£9,sec) ...... —   300°C 


NOTE: 

1 .  is  specified  for  worst  case  mounting  conditions,  i.e.,  e^^  is  specified  for 
dmin  In  sodet  tor  CerOIP,  P-DIP,  and  LCC  packages:  Is  specilied  for 
device  soldered  to  printed  circuit  board  for  SOL  and  PLOC  packages. 

CAUTION: 

1 .  Do  not  apply  voltages  higher  than  V^^q  or  less  than  GND  potential  on  any 
terminal  except  Vp^P  (Pin  17)  and  Rpg(Pin  18). 

2.  The  digital  controlinputs  are  zener  protected;  licwever,  permanent  damage 
may  occur  on  unprotected  units  from  high-energy  electrostatic  fields.  Keep 

units  in  conductive  foam  at  all  limes  until  ready  to  use. 

3.  Use  proper  antistatic  handling  procedures. 

4.  Absolute  Maximum  Ratings  apply  to  both  pacloged  devices  and  DICE. 
Stresses  alioW||itt^,ys|wi  wder  Absoluts  Maximum  Ratings  mgyiCause 
permanent  d«nuiga  nee. 


PACKAGE  TYPE 

UNITS 

1 8-Pin  Hermetic  DIP(X) 

79 

11 

•CW 

18-Pin  Plastic  DIP(P) 

70 

30 

20-Contact  LCC  (RC) 

88 

33 

•C/W 

18-Pin  SOL  (S) 

88 

2S 

"C/W 

20-Contact  PLCC  (PC) 

73 

33 

°c/w 

-It 

asj .  ■  c 

PM-7541AAX/BX/ARC/BRC;  T.  =  -40«C  to  +S5'C  apply  for  PM 


?'M-754TA6P,  ilnless  othenwise  noted. 


1-7541 AB&RC/FP/FPC/FS;  and\ 


to  +125»C'  8lp0ly  for 
-  0°C  to  -i-70''C  apply  for 


SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

'UNITS' 

STATIC  ACCURACY 

 " — V 

Resolution     -  ~  - 

N-    -  — 



12  t 

 =- 

LSB 

Noniinearity 
(Note  1) 

IHL  : 

+1/2 

LSB 

Differential  Noniinearity 

m-  ■ 

PM-7S41AA/E/G 

±1/2 

LSB 

(Note  2) 

PM-7541AB/F 

±1 

Ta=-I-25'>C 

PM-7541AA/E/G 

1 

Gain  Error 

Gfse 

PM-7541AB/F 

2 

LSB 

(Note  3) 

Ta=  Full  Temp.  Range 
PM-7541AA/E/G 

2 

PM-7541AB/F 

VMS-.. .11. 

3 

Gain  Tempco  ^ 

■    r   f.-,:/,fi_"-'  . 

(AGain/ATemp.) 

TCsFS 

±2 

±S 

ppm/"C 

(Notes) 

Power  Supply 

AVdd  =  ±5* 

Rejection  Ratio  ' 

'  PSRR 

Ta=+25°C 

±0.001 

'  ■  '  %/% 

(AGain/AVoo) 

Ta  =  Full  Temp.  Range 

±0.002 

Tj  =  +25°C 

Output  Leakage  Currant 
(Notes  4, 5) 

PM-7541AA/B/E/F/G 
Tf^=  Full  Temp.  Range 
PM-7541AA/B 

5 
100 

"  r*' 

.           -i  , 

PM-7541AE/F/G  , 

10 

Ta  =  +25°C 

Zero  Scale  Error 
(No^  12, 13) 

IZSE 

PM-7541AA/B/E/G 
Ta  =  Full  Temp.  Range 
PM-7641AA/B 

;  :n«i' 

1 

V  ''' 

0J3O2 

\ 

Q.05 

.  'T 

lA  J 

\  LSB 

r- 

PIVI-7541AE/F/G 

am 

•       !  j 

REFERENCE INPUTS  p 

1 

t  — 

Input  Resistance          .  ' 
(Note  9)   ' 

Rref 

7 

11 

15 

REV.  B 


PM-7541A 


ELECTRICAL  CHARACTERISTICS  at  V„ 


+15V.V„,p  =  +10V,  Vo 


,  =  OV;  T,  =  -SS-C  to  +125''C  api^lor 


PM-7541AAX/BX/ARC/BRC;  T^  -  -iO°C  to  +85°C  apply  for  PM-7541AEX/FX/FP/FPC/FS;  and  =  0°C  to  +70»C  apply  for 
PM-7541AGP,  ur)less  otherwise  noted.  Continued 


RMMMETER 

-  cdiitfitioNS 

MIN 

TYP 

MAX 

UNITS 

POWER  SUPPLY  ,  ^J.^gic: 

Voo  Range 

Accuracy  is  not  guaranteed  over  this  range 

+5 

16 

+17 

V 

Digital  Inputs  =  V|h  or  V|l 

2 

mA 

SuppJy  Current 

Idd 

Digital  Inputs  =  OV  or  Vqq 

Ta  =  +2S°C 

100 

Ta  =  Full  Temp.  Range 

100 

DIGITAL  INPUTS 

Digital  Input  High 

2.4 

V 

Digital  lnput,l«\yj.,^^,  i 

0.8 

V 

Input  Leakage  OuMttMt 
(Note  10) 

llL 

V|N  =  0to+16V 

±1 

mA 

Input  Capacitance 

(Note  6) 

C|N 

 -)!   :  

e 

pF 

DYNAMIC  PERFORMANCE 

Propagation  Delay 
(Notes  6, 7) 

tpD 

From  Digital  input  Change 
to  90%  of  Final  Analog  Output 
Ta=+25"'C 

-  ,r    >  ■ 

100 

150 

ns 

Output  Current  Settling  THne 
"flfetesK^S)"   — 

-  -ts^  -  - 

To  ±1/2  LSB  (±0.01%  of  Full  Scale  Range) 

« —  --  -  0.6--".* 

 -1 

 n»- 

Feedthrough  Error 

V„EF  =  20Vp_p  @  f  =  lOMftC:-.,..,^^ 

.IC'll 

te  ■  ■  - 

(Vref>°  I  out) 

FT 

All  Digital  Inputs  Low  " 

 r  

S 

(Note  6)  _ 

Ta  =  +25°C 

Digital  to  Analog  Glitcli  Energy 
(Notes  6, 11) 

Q 

Ta  =  +25°C                      '  " 

700 

1000 

--  -iti 

nVs 

AMALOGi  OUTPUTS 

Output  Capacitance 

Cqut  1 

CouT2 

Digital  Inputs  =  V|h 

85 
30 

120 
50 

,(i>lpto« 

Cqut  1 
CouT2 

Digital  Inputs  =  V||,                    '  .  _ 

30 
85 

50 
120 

NOTES: 

1.  ±1/2  LSB  =  ±0.012%  of  Full  Scale. 

2.  All  grades  are  monotonic  to  12-bjtsovertempQn^re. 

3.  Using  Internal  feedback  resistor. 

4.  Applies  to  Iqut  iI  digital  inputs  =  V)l. 

5.  Specification  also  applies  for  Iqutz  with  ail  digital  inputs  =  V|h. 

6.  Guaranteed  by  design  and  not  tested. 

7.  t'ouT  Load  =  1000^  Cext  =  13pF.  disital  inpulte  =    to  Vod  rar  Vqo  to  OV. 


8.  Extrapolated  to  1/2  LSB:     =  Propagation  Delay  (tpp)  +  9r. 
measured  first  time  constant  of  the  final  RC  decay. 

9.  Absolute  temperature  coefficient  is  approximately  +50  ppm/' 

10.  Digital  inputs  are  CMOS  gates:  I  in  <s  typically  InA  at  +2S''C. 

11.  Vref  =  OV,  ali  digital  inputs  =  OV  to  Vpo  or  Vqd  to  OV 

12.  Vrep  =  +10V.  ali  digital  inputs  =  OV 

ia  Catculated  from:  izsd^r\  LSBs)  =  ""gFt^^^^^'LKG 


wfiere  r  - 
C. 


m- 


:>v\ 


DIE  SIZE  0.102  X  0.100  incbi  10^  sq.  i 
^59  XZiSt  WW.  BiKWrWSS) 


9. 
10. 
-*l. 
12. 
13. 
14. 
15. 
16. 
17. 
IB: 


CURRENT  OUTPUT  1 

SJPUi|!5;PUTPJR|,v 
SHOUN0  - 

DIGITAL  INPUT  (BIT  1)  (MOST  SIGNIFICANT  BIT) 

DIGITAL  INPUT  (BIT  2) 

DIGITAL  INPUT  (BIT  3) 

DIGITAL  INPUT  (BIT  4) 

DIGITAL  INPUT  (BIT  5) 

DIGITAL  INPUT  (BIT  6) 

DIGITAL  INPUT  (BIT  7) 

^IGtm  INPUT  (BIT  S) 

DiSim  INPUT  (BITB) 

DIGITAL  INPUT  (BIT  10) 

DIGITAL  INPUT  (BIT  11) 

DIGITAL  INPUT  (BIT  12)  (LEAST  SIGNIFICANT  BIT) 
POSITIVE  POWER  SUPPLY 
REFERENCE  INPUT  VOLTAGE 
INTEMlAlcFEeDBill@K  RESISTOR 


WAFER  TEST  LIMITS  at  Vdd  =  +15V,  Vref  =  +10V,  AGND  =  DGND  =  OV,  Vqut  i  =  Vqut  2  =  QV.  Ta  =  +25°C. 


nWAHITER 

SYMBOL 

eONDITIONS 

l>M^541AG 

LIMIT 

,  UNITS 

StNTib  ACCURACY 

Resolution                       "  ~ 

N 

12 

Bits  MIN 

Nonlinearity         '''' ' 

INL 

±1/2 

LSB  MAX 

Differential  Nortllnearity 

DNL 

±1 

Gain  Error            f?Si  r: 
(Notel)             P.r  K 

±1 

LSB  MAX 

^wer  Supply  RejecffiQn  i^- 

AVoD  =  ±5%                 ,  ... 

±0.001 

%/%MAX 

~  '  '  '  P7  

(Note  2) 

'lkg 

Digital  Inputs  =  V|L 

±5 

nAMAX 

REFERENCE  INPUT  ■ 

Input  Resistance       .  ,B4«'Mi«OTr:  .H  'i 

f^REF 

7/15 

kl!  MIN/MAX 

BIGITALIMPUTT'   7,-.  r! .  -                                                                                                ...  ,  ... 

Digital  Input  High 

V|H 

2.4 

VMIIH 

Digital  Input  Low 

V|L 

0.8 

VMAX 

Input  Leaitage  Current 

'iL 

V|N=0to15V 

±1 

fiAMAX 

POWER  SUPPLY 

Supply  Current 

'dd 

Digital  Inputs  =  V|h  or  V|l 
Digital  Inputs  =  OV  or  Vqq 

2 
100 

mA  MAX 
^MAX 

NOTES: 

1^^  Usij^  tl^tert^l  fsest^aek  re^fstor. 

SpBi0imltimt  eri^i3p|%t£e»^  Iqut  2      ^"  l^>gital  Inputs  =  Vj^- 
0ectricfttle&t8  are  performed  9t  wafer  probe  to  the  limits  shown  Due  to  variations  in  assembly  methods  and  norm^  yield  loss,  yield  after  packaging  is  notguaran- 
^teedfor^andard  product  dk:e.  Cdn&uitfetctdry  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 
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PM-7541A 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


NONLINEARITY  ERROR  vs 
DIGITAL  CODE  (Vdd  =  +5V) 


1,00 
0.75 


T;^  =  +25°  C 


1021  2048  3072 

DIGITAL  INPUT  CODE  (DECIMAL) 


NONLINEARITY  ERROR  vs 
DIGITAL  CODE  (Vdd  =  +15V) 


1-00 
0.75 
0.50 


-0.25 


O  -0.50 
z 

-0.75 
-1J10 


Ta  =  +Z5''C 


1024  2048  3072 

DIGITAL  INPUT  CODE  (DECIMAL) 


LOGIC  INPUT  THRESHOLD 
VOLTAGE  vs 
SUPPLY  VOLTAGE  (Vdd) 


1 

T^  =  +25"C 

-Vref-.iov  

1 

V|„„-2.4 

 1 

ViNL-o.a 

gi'i^a 

1  \ 

1 

NONLINEARITY  vs 
SUPPLY  VOLTAGE 


Ta-+25*C 

GAIN  ERROR  vs 
SUPPLY  VOLTAGE 


Tft  =  +25°  C 

SUPPLY  CURRENT  vs 
SUPPLY  VOLTAGE 


Vpp  (VOLTS) 


Vool\«ljr^,';v 


NONLINEARITY  ERROR  vs 
REFERENCE  VOLTAGE 

(Vdd  =  +5V) 


0.50 
0-25 
0 

-0.25 
-0-50 
-0.75 
-1.00 


=  +2 

5°C 

r— 

NONLINEARITY  ERROR  vs 
REFERENCE  VOLTAGE 
(Vdd  =  +15V) 


-10    -8    -6    -4-2      0  2 


0.75 
0-50 
0.26 


-0.50 
-0.75 
-1.00 


Ta 

=  +2 

5'C 

u 

r 

MULTIPLYING  MODE 
TOTAL  HARMONIC 
DISTORTION  vs  FREQUENCY 


I  I  IIIIMI — I  I 

^IN  ^  ^^RMS 

OUTPUT  OP  AMP:  OP-42 


-10    -8    -6    -4    -2      0      2      4  6 
Vrep  (VOLTS) 


FREQUENCY  (Hz) 


:REy,  B 


mmmir^-mALmcouwfmFts  ^su. 


Vref  phase  lag  and 
frequency  response 


FEEDTHROUGH 
vs  FREQUENCY 


FREQUENCY  IHi) 


FREOMEHCY  ttfal 


SPECIFICATION  DEFINITIONS 

.  .  • .   -<  r  >  ji  • . 

RESOLUTION 

The  resolution  of  a  DAG  is  the  number  of  states  (2")  that  the 
full-scale  range  (FSR)  Is  divided  (or  resolved)  into,  where  "n"  is 
equal  to  the  number  of  bite,  I     _  ! 

SETTLING  TIME  I 

Time  required  for  the  analog  output  of  the  HAG  to  s^tle  to 
withila-1/2  LSB  of  its  filial  value  for  agiven  digital  input  stirnulus; 
t.H9.,  z«o  to  full  scale. 
GAIN 

Ratio  of  the  DAC's  external  operaUonal  amplifieir  output  voltage 
to  the  Vrep  input  voHagawhetta^xiigital  Inputb  are  HIGH. 

FEEDTHROUGH  ERROR 

Error  caused  by  capacitive  coupling  from  Vref  to  output  with  all 
switches  OFF. 

OUTPUT  CAMCITANCE  _  j  , 

CapadtancffftOffl'illStiH  (i^lSSA- 2  tei^inBls  to  ground. 
OUTPUT  LEAKAGE  CURRENT 

Current  which  appears  on  louj  i  terminal  with  all  digital  inputs 
LOW,  or  on  Iqut  2  terminal  when  all  inputs  are  HIGH. 


CIRCUIT  DESCRIPTION 

GENERAL  CIRCUIT  INFORMATION     '  I 

The  PM-7541A  Is  a  12-bit  multiplying  D/A  converter  consisting 
of  a  highly-stable,  silicon-chrome,  thin  film,  R-2R  resistor 
ladder  network  and  twelve  pairs  of  NMOS  current  steering 
switches  on  a  monolithic  chip.  Most  applications  require  the 
M|iltttijaL«y voltage  or  cmeMJiammm  itM-w^utput 
l8«iplifier.         *       "  ■'<  '  ' 


The  design  includes  a  matching  switch  in  series  with  the 
feedback  (Rfb)  and  terminating  rt^ato^s.  These  switches 
(Rgure  1)  provide  improved  gain  and  lineaitty  performance 
over  the  operating  temperaiture  range. 

FIGURE  1:  Simplified  DAG  Circuit 


'^FEEDBACK 


DIGITAL  INPUTS  (OTL/TTL/CMOS  COMPATIBLE) 
(SWITCHES  SHOWN  FOR  DIGITAL  liuPtiTS  "HIGH") 


A  simplified  circuit  of  the  PM-7541 A  is  shown  in  Figure  1.  The 
R-2R  inverted  ladder  binarily  divides  the  input  currents  that  are 
switciied  between  \mrt  t  and  Iqut  2  bus  lines.  This^switGhing 
allows  a  constant  current  to  be  maintained  in  each  ladder  leg 
independent  of  the  input  code. 


.  One  of  the  twelve  cpoS<SMiMches  Is  shwfin  )n  Figure  2.  The  di^ 
!  tal  input  stage,  6e^Acas\^m&9,^tSi»^'^^  del 
vices  4^  5,  6,  and  7;  these irniBrti««  ih  bim  driiie  nieJiHQ|QU^ 
current  steering  switches,  devices  8  and  S.  D^ces  1 ,  ^  and  t 
are  d^gned  such  thatthil^dtgtfal  cMs^in^SiMt^i^^  Tt1| 
and  CMOS  compatible  over  the  full  rhilHiary  temperature  tange? 

The  twelve  output  current-steering  switches  are  in  series  with  the 
R-2R  resistor  ladder,  and  therefore,  can  introduce  bit  errors.  It  is 
essential  then,  that  the  switch  "ON"  resistance  be  binarily  scaled 
so  that  the  voltage  drop  across  each  switch  remains  constant,  if, 
for  exEimple,  switch  1  of  Figure  1  were  designed  with  an  "ON' 
resistEvice  of  1 0  ohms,  switch  2  for  20  ohms,  etc.,  then  with  a  1 0 
voH  reference  input,  the  currentthrough  switch  1  is  0.5mA,  switch 
2  is  0.2SmA,  etc.,  a  constant  5mV  drop  will  then  be  maintained 
across  each  switch. 


3^578  tJIGITAL-TO^NALOGCONVSfTERS 
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DTL/TTL/CMOS  -.^fT* 


i  TO  R-2R  RESISl^^ 


'<Xn'2  '(]UT1 


To  further  insure  accuracy  across  the  full  temperature  range, 
permanently  "ON"  MOS  switches  are  included  in  series  with  the 
feedback  resistor  and  the  R-2R  ladder's  terminating  resistor. 
These  series  switches  are  equivalently  scaled  to  two  times 
switch  1  (MSB)  and  to  switch  12  (LSB)  respectively  to  maintain 
constant  relative  voltage  drops  with  varying  temperature. 
During  any  testing  of  the  resistor  ladder  or  Rfeedback  (such  as 
incoming  inspection),  Vqq  must  be  present  to*urn  "ON"  these 


series  switches. 
ESD  PROTECTION 


■A 


In  the  design  of  the  PM-7541  A's  data  inputs,  ESD  resistance  has 
been  incorporated  through  careful  layout  and  the  inclusion  of 

input  protection  circuitry. 

Figure  2  shows  the  input  protection  diodes.  High  voltage  static 
charges  applied  to  the  digital  Inputs  are  shunted  to  the  supply 
and  ground  rails  through  forward  biased  diodes.  These  pro- 
tection diodes  clamp  the  inputs  well  below  dangerous  levels 
during  static  discharge  conditions.  _  -  .— 

EQUIVALENT  CIRCUIT  ANAIYSIS 

FiguresS  and  4  show  the  equivalent  circuits  for  all  digital  inputs 
LOW  and  HIGH  respectively.  The  reference  current  is  switched 
to  louT  2  when  all  inputs  are  LOW  and  Iqut  i  when  inputs  are 
HIGH.  The  Ileakage  current  source  is  the  cotrtbination  of 
surface  and  Junction  leakages  to  the  suttstrate;  the  1/4096 
current  source  represents  the  constant  1-bit  current  drain 
through  the  ladder  terminating  resistor.  The  output  capacitance 
is  dependent  upon  the  digital  inputcode,  and  is  therefore  varied 
between  the  low  and  high  values. 

FIGURE  3:  PM-7541A  Equivalent  Circuit 
(All  Inputs  LOW) 


-  BGMmM  PM-7541A.Equi«alent.C!iTOit- 


(All  Digital  Inputs  HIGH) 


-O  '^FEEQBACK 


4 


»  R -  10kn 
t  O  IqutI 


-O  iQUTi 


DYNAMIG  PERFOiWAM^^  HUOfira 
OUTPUT  IMPEDANCE 

The  output  resistance,  as  in  the  case  of  the  output  capacitance, 
varies  with  the  digital  input  code.  This  resistance,  looking  back 
into  the  Iqut  i  terminal,  may  be  between  lOkfl  (the  feedback 
resistor  alone  when  all  digital  inputs  are  low)  and  7.5kn  (the 
feedback  resistor  in  parallel  with  approximately  SOkfl  of  the 
R-2R  ladder  network  resistance  when  any  single  bit  logic  is 
high).  Static  accuracy  and  dynamic  performance  will  be 
affected  by  these  variations.  The  gain  and  phase  stability  of  the 
output  amplifier,  board  layout,  and  power  supply  decoupling 
will  all  affect  the  dynamic  performance  of  the  PI\/I-7541A.  The 
use  of  a  compensation  capacitor  may  be  required  when  high- 
speed operational  amplifiers  are  used.  It  may  be  connected 
across  the  amplifiers  feedback  resistor  to  provide  the  necessary 
phase  compensation  to  critically  damp  the  output. 

The  considerations  when  using  high-speed  amplifiers  are; 

1.  Phase  compensation  (See  Figures  5  and  6). 

2.  Powar  supply  decoupling  at  the  device  socketjand  use  ot 
proper  grounding  techniques. 
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FIGURE  S:  Unipolar  Binary  Operatron  wittrl^h  Accuracy  Op  Atnp  (2-^uadrant) 


"feedback 


i 
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FIGURE  6:  Unipolar  Binary  Operation  witli  Fast  Output  Op  Amp  (2-Quadrant) 


"-4^  T 


I  -  — ^ 


X 


BURN-IN  CIRCUIT 


.1,3  .:.fi6  (i  Of 




■OUT  1  f^FDSK 


"REF 


'OUT  2 
GND 

B1  (MSB)    (LSBI  B12 
B11 


NOTES; 

1.  ALL  RESISTORS  ARE  1/4  WATT  5%  TOLERANCE. 

2.  01  IS  A  4.7tiF  ELECTROLYTIC  CAPACITOR. 

3.  ^  AND  C3AR£0J1ftF  CERAMIC  CAPACITORS. 
4»      MID  GZraUCE  EVERY  10  DEVICES. 
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APPLICATIONS  INFORMATION 
APPLICATION  TIPS 

Linearity  depends  upon  the  potential  of  Iqut  i  and  Iquts  (pins  1 
and  2)  being  exactly  equal  to  GND  (pin  3).  In  most  applications, 
the  DAC  is  connected  to  an  external  op  amp  with  its  noninvert- 
ing  input  tied  to  ground,  see  Figures  5  and  6.  The  amplifier 
seleotedshould  Jiavea  low  inputbiasicurrent  and  low  drift  over 
temperature.  The  amplifier^  input  offset  voltage  should  be 
nulled  to  less  than  +200nV  (less  than  10%  of  1  LSB). 

The  operational  amplifier's  noninverting  input  should  have  a 
minimum  resistance  connection  to  ground;  the  usual  bias 
current  compensation  resistor  should  not  be  used.  This  resistor 
can  cause  a  variable  offset  voltage  appearing  as  a  varying 
output  error  All  grounded  pins  should  tie  to  a  common  ground 
point,  avoiding  ground  loops.  The  Vpo  power  supply  should 
have  a  low  noise  level  with  no  transients  greater  than  +17V. 

Unused  digital  inputs  must  always  be  grounded  or  tal<en  to 
Vqo;  this  will  prevent  noisefrom  triggering  the  high  impedance 
digital  input  resulting  in  output  errors.  It  is  also  recommended 
that  the  used  digital  inputs  be  taken  to  ground  or  Vdd  via  a  high 
value  (IMfl)  resistor;  this  will  prevent  the  accumulation  of  static 
charge  if  the  PC  card  is  disconnected  from  the  system. 

Peal<  supply  current  flows  as  the  digital  inputs  pass  through  the 
transition  voltage.  The  supply  current  decreases  as  the  input 
voltage  approaches  the  supply  rails  (Vdd  or  DGND),  i.e.,  rapidly 
slewing  logic  signals  that  settle  very  near  the  supply  rails  will 
minimize  supply  current. 

OUTPUT  AMPLIFIER  CONSIDERATIONS 

For  low  speed  or  static  applications,  AC  specifications  of  the 
amplifier  are  not  very  critical.  In  hjgh-speed  applications,  slew 
rate,  settling  time,  open-loop  gain,  and  gain/phase  margin 
specifications  of  the  amplifier  should  be  selected  for  the  desi  red 
performance.  It  has  already  been  noted  that  an  offset  can  be 
caused  by  ineludinq  the ^iisuaj  bias  current  compensation 
resistor  in  the  ampiffier's  noninverting  input-terminal.  This 
resistor  should  not  be  used.  Instead,  the  amplifier  should  havea 
bias  current  Whteh  is  ib^tivfer  the  temperature  range  of  ihte^fest.- 

The  static  accuracy  is  affected  by  the  variation  in  the  DAC's 
output  resistance.  This  variation  is  best  illustrated  by  using  the 
cireuit  of  Figune  f      the  equation: 


FIGURE  7:  Simplified  Circuit 


Therefore,  the  offset  gain  vaf ifes  8S  WtewK 


At  code  0011  1111  1111:  Ve 


At  code  0100  0000  0000:  Ve 


=  2Vos 


lOkfU 

lOkn) 


loknx  _4 


The  error  difference  is  2/3  Vos- 

Since  one  LSB  has  a  weight  (for  Vp^p  =  +10V)  of  2.5mV  for  the 
PM-7541A  DAC,  it  is  clearly  important  that  Vqs  be  minimized, 
either  using  the  amplifier's  nulling  pins,  an  external  nulling 
network,  or  by  selection  of  an  amplifier  with  inherently  low  Vqs- 
Amplifiers  with  sufficiently  low  Vqs  inelMftRW*OP-77,  OP-07, 
and  OP-27  '  0 "  0  0  0  C  - 

APPLICATIONS 

Figures  5,  6,  and  8  show  simple  unipolar  and  bipolar  dircljits 
with  their  associated  waveforms  using  the  PM-7541A  and  two 
types  of  PMI  output  amplifiers.  A  small  feedback  capacitor 
should  be  used  across  the  amplifier  to  help  prevent  overshoot 
and  ringing  when  using  high-speed  op  amps.  Resistor  R1  is 
used  to  trim  for  full  scale.  Low  tempco  (approximately  50ppm/°C) 
resistors  or  trimpots  should  be  selected  when  gain  adjustments 
are  required. 


Error  Voltage  =  Vqs  ( 1  +  ~  ^ 

where  Rq  is  a  function  of  the  digital  code,  and: 
Ro  ^  lOkn  for  more  than  4-bits  of  logic  1 
Ro  -  30kQ  for  any  single  bit  logic  1 
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UNIPOLAR  BINARY  OPERATION  (2-QUADRANT) 

The  circuits  of  Figures  5  and  6  can  be  used  either  as  a  fixed  ref- 
erence D/A  converter,  or  as  an  attenuator  with  an  AC  input  volt- 
age. In  the  fixed  reference  mode,  the  DAC  provides  an  analog 
output  voltage  in  the  range  of  zero  to  plus  or  minus  VpEir,  de- 
pending on  Vref  polarity.  The  reference  input  voltage  can  range 
between  -20V to  +20V;  this  is  due  to  the  ability  of  Vr^f  to  exceed 
Vqo,  the  limiting  factor  being  the  op  amp's  voltage  range.  Table 
'  1  siroH^yiMi^tMe  relationship  for  the  circuit  of  Figures  S  and  6, 
can  beernKted  withi  a  resulting  maximum  gain  error  of  402^ 
of  full  scale. 


fTABLE  1:  Unipolar  Bln^y-Sfade  TabiB 


DIGITAL  INPUT         N0Hil«AI.ANA|jQ®  6UTPUT 

1111 

1111  1  m 

,  ,.,  /4095\ 
"^"^^(4096) 

1000 

0000  0001 

w  /2049\ 

"^f'^^l^oge) 

1000 

0000  0000 

w      /2048\  _  Vref 
"^''\4096  j  2 

,  0111 

1111  1111 

w  /2047\ 

^"^•^  (4096)  - 

0000 

oowitOT  5; 

,„  :rW  \  '«m/  .      :|  „,-,,,- rv.- 

'  0000 

0000  ooob 

NOTES: 

1.  Nominal  full  scale  for  the  circuits  of  Figures  5  and  6  is  given  by  ; 
'  NonWial  LSB  magnitude  for  the  circuits  of  Figures  5  And  3  is  given  bp^^.  '■ 


BIPOLAR  BINARY  OPERATION  (4-QUADRANT) 

Figure  8  shows  a  simple  bipolaroutput  circuit  using  tine  PM-7541 A 
and  a  PUI  OP-215  dual  op  amp.  The  circuit  uses  offset  binary 
coding  and  a  fixed  DC  voltage  for  Vref  Digitally-controlled  at- 
tenuation of  an  AC  signal  occurs  when  the  signal  is  used  as  the 
signal  source  at  Vref.  Negative  output  full-scale  is  adjusted  by 
setting  the  digital  inputst<pcailzero&and  adjusting  thevalueoft]i« 
V|N  voltage  or  R5.  The^iat^eitfeosifpfut  voltage  is  adjusted  while 
tti»d%ta^inputs«i:9«etto>!l®O0  adjusting  fora 

zmgutpm  veiteio  O'^lHart  1<0%of  t-LSB).  Resistors  R3,  R4,  and 
R5  must  be  selected  for  matching  ;sni^  tl*acking  in  OFdepto  keep 
offset  and  full  scale  errors  to  a  minimum.  Resistors  and 
tliiTiperature  coefficients  must  be  talten  into  account  if  they  are 
used.  Ci  phase  compensation  capacitor  may  not  be  needed  and 
should  be  selected  empirically.  The  digital  input  CQds.yersMs 
analog  output  voltage  is  shown  in  Table  2. 


TABLE  2:  Bipolar  (Offset  Binary)  Code  Table 


DIGITAL  INPUT 

MSB  itiSB 

NOMINAL  ANALOG  OUTPUT 
CoW^'B  ShdvM  in  Hgure  8) 

1  1111 

1  1  1  1 

,        '  - 

+^"=^(^48) 

1000  0000 

0  00  0 

0            ■  • 

1111  1111 

1111 

"^"^KzoSa) 

0000  0000 

000  1 

w  /2047\ 
"^'^^'=(2048) 

,0  0(30  DO 00 

po.90 

V  /2048\ 

NOTES: 

1.  Nominal  full  scale  forthig  cfrcuit  of  Figure  8  is  given  by 
2,,._|l9p|pM  t^flva{BB)}#*?rMie,Gircultof  Figure  8  is  given  by 
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HGURE  8:  Bipolar  Operation  (4-Quadrant  Muitipiication) 
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BVOUT 


DATA  INPUT 


ANALOG/DIGITAL  DIVISION 

The  transfer  function  for  tile  PM-7541 A  connected  in  tiie  multi- 
plying mode  as  shown  in  Figures  5  and  6  is: 


FIGURE  9:  Analog/Digital  Divider 


Vo=-V,N{fj- 


As  A3 

22+23 


 2W 


wliere  A,  assumes  a  value  of  1  for  an  "ON"  bit  and  0  for  an  "OFF" 
bit.  The  transfer  function  is  modified  when  the  DAG  Is  connected 
in  the  feedback  of  an  operittionai  amplifier  as  shown  in  Figure  9. 
It  now  is: 


|Ai  Ag  A12I 
\21    22    2*  2«/ 


2«> 

The  eibove  transfer  function  is  the  division  of  an  analog  voltage 
(Vref)  by  a  digital  word.  The  amplifier  goes  to  the  rails  with  all 
bits  "OFP  since  division  by  zero  is  inflnify.  With  all  bits  "ON,*  the 
gainisi  (±1  LSB).  Tiie  gain  becomes 4096  with  the  LSB,  bit  12, 
"ON." 
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AD7542 


FEATURES 

Resolution:  12  Bits 

Nonlinearity:  ±  1/2LSB  T„i„  to  T„„ 

Low  Gain  Drift:  2ppm/°C  typ,  5ppnn/°C  max 

Microprocessor  Compatible  * 

Full  4-Quadrant  Multiplication 

Fast  Interface  Timing 

Low  Power  Dissipation:  40m W  max 

Low  Cost 

Small  Size:  16-pin  DIP  and  20-Terminal  Surface 

Mount  Package 
Latch  Free  (Protection  Schottky  Not  Required) 


GENERAL  DESCRIPTION 

The  AD7542  is  a  precision  12-bit  CMOS  multiplying  DAC 
designed  for  direct  interface  to  4-  or  8-bit  microprocessors. 

The  functional  diagram  shows  the  AD7542  to  consist  of  three 
4-bit  data  registers,  a  12-bit  DAC  register,  address  decoding 
logic  and  a  12-bit  CMOS  multiplying  DAC.  Data  is  loaded 
into  the  data  registers  in  three  4-bit  bytes,  and  subsequently 
transferred  to  the  1 2-bit  DAC  register.  All  data  loading  or 
data  transfer  operations  are  identical  to  the  WRITE  cycle  of  a 
static  RAM.  A  clear  input  allows  the  DAC  register  to  be  easily 
reset  to  all  zeros  when  powerigg^it£  the  device.  ^~ 


The  AD7542  is  manufactured  using  an  advanced  thin-film  on 
monolithic  CMOS  fabrication  process.  Multiplying  capability, 
low  power  dissipation,  +5V  operation,  small  size  (16-pin  DIP 
and  20  terminal  surface  mount  packages)  and  easy  /iP  interface 
make  the  AD7S42  ideal  for  many  instrumentation,  industrial 
control  and  avionics  applications. 
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I9S42-SPECIFICATI0NS., 


'gg  =  +SV,  Vref  =  +\&,  Vbuti  ^  Vgini&w  unless  otherwise  noted) 


-ftr 


Parameter 


Limit  At 
Ta=+25"C 


"1,imit  At' 
Ta=-40"C 
10  +85X 


Limit  At' 
Ta=  -55"C 
&  +125°C 


Conditions/Comments 


ACCURACY 
Resolution 
Relative  Accura^y^ 

J,  A,  S  VtuJ^y 

K,  B,  T  Versions 

GK,  GB,  GT  Versions 
Differential  Nonlincarity^ 

J,  A,  S  Versions 

K,  B,  T  Versions 

CiK,  CB,  GT  Versions 
-  Gain  Error^ 

J,K,  A,  B,S,T 

GK,  GB.GT 

Gain  Temperature  Coefficient 
AGain/ATemperature 

Power  Stip#Rgpaaa« 
AGaiifWbD  ■ 

Output  Leakage  Current 

■OUTI 
■OUTZ 


12 

±1 

±1/2 
±1/2 

±1 
±1 
±1 

±3 
±1 

5 

0.005 

10 
10 


12 

±1 

±1/2 

±1/2 

±1 
±1 
±1 


±1 
5 

0.01 

10 
10 


12 

3iH 

M 

LSBmax 

±1/2 

LSB  inuc 

±1/2 

LSB  iiiax 

±1 

LSBnux 

±1 

LSB  max 

+1 

LSB  max 

±4 

LSB  max 

±2 

LSB  max 

S 

ppm/^C  max 

0.01 

%  per  ^  Max 

200 

nA  max 

200 

nA  max 

All  grades  are  guaranteed.monotonic 


Using  internal  Rpo  only  (gain  error  can  be 
trimmed  to  zero  using  circuits  of  Figure  4  &  5) 

Typical  value  is  2ppm/  C 

'^DD  to  ♦5.25V 

DAC  Register  loaded  with  all  Os 
DAC  Register  loaded  with  all  Is 


DYNAMIC  PERFORMANCE 
Current  Settling  Time* 


2.0 

IT 


2.0 


2.0 
2.5 


MS  max 
mV  p-p  max 


To  1/2LSB,  OUTl  load  =  lOOfiJJAC  output 
measured  from  falliip^ve^e  t^  ^R.  , 
Vref  =  ±10V,  IBkriz       wive  "' 


REFERENCE  BJPOT 

.AKAis<iewawffi''-i'W  .fit. 

CouT2 


8/15/25 


kOmin/typ/max 


75 
260 
75 
260 


75 
260 
75 
260 


75 

pF  max 

260 

pF  mu 

75 

pFnsa 

260 

pf  max 

+2.4 

V  nun 

+0.8 

V  max 

1 

jiA  max 

8 

pF  max 

DAC  register  loaded  to  0000  0000  0000 
DAC  register  loaded  to  1111  1111  1111 
DACregister  loaded  to  1111  1111  1111 
DAC  register  loaded  to  0000  0000  0000 


LOGIC  INPUTS 

ViNH  (Logic  HIGH  Voltage) 
V|NL  (Logic  LOW  Voltage) 
"in' 

C|N  (Input  Capacitance)^ 
Input  Coding 


+2.4 
+0.8 
1 
8 


+2.4 
+0.8 
1 


ViN  =0VorVDo 


l>git  Vt^cjaf  Sfnuy  aiF  12-Bit  Otfxt 
Bin9  (^  Fellies  4  and  5).  Data  is 
Loaded  ttMi  Gk^  Re^sters  in  4-Bit  Bytes. 


SWITCHING  CHARACTERISTICS' 

teut 

•CWS 
UWS 
tDs 


(See  Figure  1) 


80 

0 

0 

200 

10 

40 

60 

10 


120 

10 

10 

200 

20 

40 

100 

10 


160 

10 

10 

250 

20 

40 

100 

10 


ns  min 
ns  mill 
ns  min 
ns  min 
ns  min 
ns  min 
ns  min 
nsmin 


ly/R-.  WRITE  pulse  width 
tAWH  =  Addrcss-to-WRITE  hold  time 
tcwH  ■  Chip  select-to-WRITE  hold  time 
k:LR  ■  Minimum  CLEAR  pulse  width 
'CWS-  Chip  select-to-WRITE  letup  time 
tAws=  Address  valid-to-WRITE  setup  time 
tQs:  Data  setup  time 
txiH :  Dftta  hold  time 


Voa  (Soispty  Voltage) 
>DD  (ai»»pty  CKment) 


♦5 
2.5 


+5 
2.5 


+5 

2.5 


V 

mAmax 


±5%  for  specified  performance 
Digital  Input!  '  Vjnh  Vjnl 


HOTES 

'Temperature  Ranges  as  follows:  J,  K,  GK  VeiaienB;  -WC  to  +85% 
A,  B,  OB  VbnieiiK  -4lfC  a  +  8S«G 
S,  T,  Gt  VoaiEflis;  -55!^  to  +  USX 

^See  deiinidons  on  next  page. 
'Guaiinteed  but  not  tested. 

*Lagic  Inputs  are  MOS  gates.  Typical  inpiit  cumnt  (+2S"Q  k  legs  dian  loA. 
^Simple  tested  at  +25*0  to  ensuic  comfdiaaee. 
^M^ifitathais  subject  to  change  without  notiee. 
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ABSOLUTE  MAXIMUM  UATINCJS* 

CTa  ^  +25''C  unless  otherwise  noted) 


VnntQAGND   OV^  t^V 

V„DtQDGND   .  .  .  .    .  .   OV,  +7V 

AGND  to  DGND  ....  .  .         ,  .  .  .,  ;  .  .  .  Vi;>&  +0.3V 

DGNDlo  AGND  ,       ;  .  .  . ,'.  ,  .  .  VoD  +0,3V 

Digital  Input  Voltage  to  GND    .....     -0.3V,  Vdd  +  0.3V 

VouTi,  VouT2toAGND   -0.3V,  Vdd  +  0.3V 

VRii,rtoAGND  ±25V 

VRHBtoAGND  ±25V 

.sfi-.  !•■'.     Jib  tejf.*b 


Power  Dissipation  (Package) 
Plastic 

To  +70°C  

Derates  above  +  70°C  by  ...  . 
Ceramic 

To  +75'X:   , 

Derates  above  +7S°G  by  .  .  ! 
Operating  Temperature  Range 
Commercial  (J,  K,  GK  Versions)  . 
Industrial  (A,  B,  GB  Versiuns)  .  . 
Extended  (S,  T,  GT  VersioBs)   .  . 
Storage  Temperatare  ::  . 

Lead  Temperature  (Soldering,:  IQsecs) 


.  670mW 
8.3mW/°C 

.  450mW 


•COMMENTS:  Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause  permanent  dsm^^^  J^'^dlviiEe! 
rating  only  and  functional  operation  of  the  device  at  these  or  any  other  conditions  above  those'  indicated 
Specification  is  not  implied.  Exposurecoabsolutemaximuniratingconditionsforextendedperiodsnrayaffeetdeviceretofeility.: 

CAUTION   

ESD  (electrostatic  discharge)  setisitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  higji  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  sliunts.  T^  pcotective  foam 
should  be  discharged  to  the  destination  socket  before  devices  are  rranoved. 


ORDERING  GUIDE 


-40°C  to  +  85°C 

-40°C  to  +85°C 
-55°C  to  +  125°C 

■r  eyc  to  +i50°c 

.  .       ,  +300»C 

This  is  a  Stress 
sections  of-tB^' 


Temperature 

Relative 

Gain 

Package 

Model* 

Range 

Accuracy 

Error 

Option^ 

AD7542JN 

-40Xto+85°C 

+  1LSB 

±3LSB 

N-16 

AD7542KN 

-40°Cto+85°C 

±  1/2LSB 

±3LSB 

N-16 

AD7542GKN 

-40°Cto+85°C 

±  I/2LSB 

+  ILSB 

N-16 

AD7542JP 

-40°Cto+85°C 

±ILSB 

±3LSB 

P-20A 

AD7542KP 

-40°Cto+85"C 

±  1/2LSB 

+  3LSB 

P-20A 

AD7542GKP 

-40°Cto+85X 

±  1/2LSB 

±1LSB 

P-20A 

AD7542AQ 

-40Xto+85°C 

±1LSB 

+  3LSB 

Q-16 

AD7542BQ 

-40"Cto  +8S°C 

±  1/2LSB 

+  3LSB 

Q-16 

AD7542GBQ 

-40°Cto  +85"C 

±  1/2LSB 

±1LSB 

Q-16 

AD7542SQ 

-55X10  + 12S°C 

±1LSB 

±3LSB 

Q-16 

AD7542TQ 

-55°Cto+125»C 

±  I/2LSB 

±3LSB 

Q-16  ■ 

AD7542GTQ 

-55°Cto  +  125°C 

±  1/2LSB 

±1LSB 

Q-16 

AD7542SE 

-SSXto  +  nS'C 

+  1LSB 

±3LSB 

E-20A 

AD7542TE 

-5S«Cto  +  125°C 

±  1/2LSB 

+  3LSB 

E-20A 

AD7542GTE 

-55X10  + USX 

±I/2LSB 

±1LSB 

E-20A 

NOTES 

'To  order  MIL-STD-883  Class  B  processed  parts,  add /883B  to  part  number. 

=  LesdlessCersmicCbip  Carrier;  N  =  Plastic  DJF;P  —^eh$de-$iJ^iSed0^€^^&tt 
Q  =  Ceid^.  Fbr  outliiie  infoniMlion  see  Package  Iiifi:i^a^liDa.Beetian^ 


NOTE:  TIMING  MEASUREMENT  REFERENCE  LEVEL  IS  t^'^ 
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Figure  1.  AD 7542  Timing  Diagram 


PIN  GONFIGURATIiftlSS 
DIP 


LCCC 


PLCC 


0UT1  ^ 
0UT2  [T 
AGND  [T 
D3  (MSB)  ^ 
D2  [T 
D1 

DO  (LS8}  [T 

cs  r«" 


AD7542 
TOP  VIEW 
(Not  to  Scale) 


"iTj  RFB 

31]  Vref 

AGND  4 

"1  Vdd 

D3  IMSBI  5 

"iri  ecu 

NC  6 

"ir|  DGND 

D2  7 

vTI  AI 

01  8 

_10j  AO  6 

Tl  m 
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RELATIVE  ACCURACY 

Relative  accuracy  or  endpoint  nonlinearity  is  a  measure  of 
the  maximum  deviation  from  a  straight  line  passing  through 
the  endpoints  of  the  DAC  transfer  function.  It  is  measured 
after  adjusting  for  zero  and  full  scale  and  is  expressed  in  %  or 
ppm  of  full  scale  range  or  (sub)  multiples  of  ILSQ. 

DIFFERENTIAL  NONLINEARITY 

Differential  nonlinearity  is  the  difference  between  the  meas- 
ured change  and  the  ideal  ILSB  change  between  any  two  ad- 
jacent codes.  A  specified  differential  nonlinearity  of  +  1LSB 
max  over  the  operating  temperature  range  insures  monotonicity. 
GAIN  ERROR  »i 
Gain  is  defined  as  the  ratio  of  the  DAC's  Full  Scale  output 
to  its  reference  input  voltage.  An  ideal  AD7542  would  exhibit 
a  gain  of  -4095/4096.  Gain  error  is  adjustable  using  extenud 
trims  as  shown  in  Figures  4  and  S. 

OUTPUT  LEAKAGE  CURRENT 
Current  which  appears  at  OUTl  with  the  QACj 
all  Os  or  at  OUT2  with  the  DAC  register  loa 

||VLTIPLYING  FEEDTHROUGH  ERROR 
AC  error  due  to  capacitive  feedthrough  from  Vigxe  terminal 
to  OUTl  with  DAC  register  loaded  to  aU  Os. 


c^^ded. 
ttet^ts. 


PIN 

MNEMONIC 

FUNCTION  ; 

.1 

OUTl 

DAC  current  output  bus.  Normally 
terminated  at  op  am^          - . 

virtual  ground 

2 

OUT2 

DAC  current  output  bus.  Normally 
terminated  at  ground 

3 

AGND 

Analog  Ground 

4 

D3 

Data  Input  (MSB). 

5 

D2 

Data  Input 

6 

Dl 

Data  Input 

7 

DO 

Data  Input  (LSB) 

8 

CS 

Chip  Select  Input 

9 

WR 

WRITE  Input 

10 

AO 

Address  Bus  Input 

11 

Al 

Address  Bus  Input 

12 

DGND 

Digital  Ground 

13 

CLR 

Clear  Input 

14 

Vdd 

+5V  Supply  Input 

15 

Vref 

Reference  Input 

16 

Rfb 

DAC  Feedback  Resistor 

GENEBAL  CIRCUIT  INFORMATION 
The  AD7S42, «  12-bit  multiplying  D/A  converter,  eonaitt  of 
ithigUfitable  thin  film  R-2R  ladder  and  twelve  N'Cfaaund' 
eito^t  iWtlches  on  a  monolithic  chip.  Most  application* 
ift^Mw  llie'addition  of  only  an  output  opentiobitt  anipttfiaf. 
iiuf  aVoltfe^  or  current  reference. 

The  simplified  D/A  circuit  is  shown  in  Figure  2.  An  inverted 
R-2R  ladder  structure  is  used— that  is,  the  binarily  weighted 
currents  are  switched  between  the  OUTl  and  0UT2  bus  lines, 
thus  maintaining  a  constant  current  in  each  ladder  leg  indepen- 
dent of  die  switch  state. 


'  F^uA^^  UfA  Simplified  Circuit  Dkgmn 

One  of  the  current  switches  is  shown  in  Figure  3 .  The  input 
resistance  at  Vref  (Figure  2)  is  always  equal  to  Rldr  (Rldr 
is  the  R/2R  ladder  characteristic  resistance  and  is  equal  to 
value  "R").  Since  Ruj  at  the  V^gp  pin  is  constant,  the  refer- 
ence terminal  can  be  driven  by  a  reference  voltage  or  a  refer- 
ence current,  ac  or  dc,  of  positive  or  n^ative  polarity.  (If  a 
current  source  is  used,  a  low  temperature  cp^Bcient  R{V^is 
recommended  to  define  scale  factor.) 

TO  LADDER 


FROM 
INTERFACE 
LOGIC 


OUTl 


Figure  3.  N-Oiannel  Current  Steering  Switch 
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Applying  the  AD7542 


UNIPOLAR  BINARY  OPERATION  r   .  ' 

(Z-QU^KANT  MUI.TIPUCAi;j<m>> 
Figure  4  sltaws  the  analog  circuit  connections  tt^ttirtd  for  uni- 
polar binary  (2-quadrant  multiplication)  ope^tion.  The  logic, 
inputs  are  onitted  far  clarityt  With  a  de  refereoce- voltage  or 
ipo;ent  (positive  or  negative  polarity)  appliedstfyRgp,  the 
circuit  is  a  uoipqlar  D/A  converter.  With,  a^  actij^teeiiQCL  «o)t- . 

or  current  the  circuit  pro^(to|^ff  ra^qffjt,giul)ng^atiaii 
(d^tally  controlled  attenuation).  The  input/output  rielation- 
ship  is  shown  in  Table  II. 

Rl  provides  full  scale  trim  capability  [i.e.— load  the  DAC 
register  to  1111  1111  1111,  adjust  Rl  for  Vqut  =  "Vref 
(4095/4096)1 .  Alternatively,  Full  Scale  can  be  adjusted  by 
omitting  Rl  and  R2  and  trimming  the  reference  voltage 
magnitude. 

CI  phase  compensation  (10  to  33pF)  may  be  required  for 
stability  when  using  high  speed  amplifiers.  (CI  is  used  to  cancel 
the  pole  formed  by  the  DAC  intemalj 
output  capacitance  at  OUTl). 

Amphfier  Al  should  be  selected  or  trimmed  to  provide 
Vqs  ^  10%  of  the  voltage  resolution  at  Vqut-  Additionally, 
the  amplifier  should  exhibit  a  bias  current  which  is  low  over 
the  temperature  range  of  interest  (bias  current  causes  output 
offset  at  Vquj  equal  to  Ib  times  the  DAC  feedback  resistance, 
nominally  ISkU).  The  AD711K  is  a  high-speed  implanted  . 
FET-input  pp-afl^-with  low,  factory-trimmed  Vos  •  { 


0€ND        AGND  , 
NOTES 

1.  UWJCINIHnSOMITTraraiiajUaTY,  OP  fINNUMBBIS  SHOWN. 

2.  SEE  APPtlCATION  HINT  NO.  4.        A. H.- • 

Figure  4.  Unipolar  Binary  Operation  (2-QiMdrant 
Multiplication) 


Table  II.  Unipolar  Binary  Code  Table  for  Circuit  of  Figure  4 


BINARY  NUMBER  IN 
DAC  REGISTER 

MSB  LSB 

ANALOG  OUTPUT,  Vqut 

nil  nil  nil 

1000  0000  0000 
0000  0000  0001 
0000  0000  0000 

vref^^4096  ; 

-Vref(4096) 

OV 

BIPOLAR  OPERATION  ^O^/H  -H^OJ  -  ^ 

(4<IUAI>BANT  MULTWIdCATION)  ' 

Figure  S  and  Table  III  illustrate  the  circuitry  and  code  relation- 
ship for  bipolar  operation.  With  a  dc  reference  (positive  or 
negative  polarity)  the  circuit  provides  offset  binary  operation. 
With  an  ac  reference,  the  circuit  provides  full  4-quadrant 
multiplication. 

With  the  DAC  register  loaded  to  1000  0000  0000,  adjust  Rl 
for  VouT  =  OV  (alternatively,  one  can  omit  Rl  and  R2  and 
adjust  the  ratio  of  R3  to  R4  for  Vqut  =  OV).  Full  scale 
trimming  can  be  accomplished  by  adjusting  the  amplitude  of 
Vref  or  by  varying  the  value  of  R5. 

As  in  unipolar  operation,  Al  must  be  chosen  for  low  Vqs  and 
low  Ig.  R3,  R4  and  R5  must  be  selected  for  matching  and 
tracking.  Mismatch  of  R3  to  R4  causes  both  offset  and  Full 
Scale  error.  Mismatch  of  RS  to  R4  or  R3  causes  Full  Scale 
error.  C;i  pha^e  cp^enS)atiQ^^(.10pF  tp^^5|^^)_^jf  be  required 
forsisibilliy. ''''' !  •■■  -'•  '    ■  ■  •  ••J 


DGNO 

AGNO 

NOTES  r  . 

1.  LOGIC  INPUTS  OMITTED  FOR  CUWITV.  DIP  PIN  NUMBERS  SHOWN. 

2.  SEE  APPUCATION  HINT  NO.  4. 

Figure  S.  Bipolar  Operation  (4-Quadrant  Multiplication) 


Table  JJ I.  Bipolar  Code  Table  for  Offset  Binary  Circuit  of 


Figure  S 

BINARY  NUMBER  IN 
DAC  REGISTER 

MSB  LSB 

ANALOG  OUTPUT,  Vqut 

nil  nil  nil 

-^Vref(2048  ) 

1000  0000  0001 

1000  0000  0000 

OV 

OUT  nil  nil 

-Vref(2048  ) 

0000  0000  oooo 

-VKEp(i§||-) 

l|fpHlie^>iPlH 
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INTERFACE  LOGIC 

INTERFACE  LOGIC  INFORMATION 

The  AD7S42  is  designed  to  interface  as  a  memory-mapped 

output  device. 

A  typical  system  configuration  is  shown  in  Figure  6.  CS 
is  the  decoded  device  address,  and  is  derived  by  decoding 
the  three  higher  order  address  bits.  AO  and  Al  is  the 
AD7S42  operation  address,  and  is  decoded  internally  in  the 
AI>7542  to  point  to  the  desired  loading  operation  (i.e.,  load 
higkbytc;  .middle  byte,  low  byte  or  DAG  register).  Tafiie  IV 
dunra 46.AQ7M2ii0iA-j^^-  ...^  ^  .   ^  . .-;  ic      .  '-^,6 

All  da^'fcWding  o^isrl^i^j^ldkiticai'trd  diil  write  cj^dii'of 
a  RAM  as  shown  in  Figure  i. 

Additionally,  the  CLR  input  allows  the  AD7542  DAC  register 
to  be  cleared  asynchronously  to  0000  0000  0000.  When  oper- 
ating the  AD7542  in  a  unipolar  mode  (Figure  4),  a  CLEAR 
causes  the  DAC  output  to  assume  OV.  In  the  bipolar  mode 
(Figure  5),  a  CLEAR  causes  the  DAC  output  to  go  to  rVitEp. 

In  summary: 

1.  The  AD7542  DAC  register  can  be  asynchronousli^'cleUMl 
with  the  CLR  input. 

2.  Each  AD7542  requires  4  locations  in  memory. 

3.  Performing  any  of  the  four  basic  loading  operations  (i.e. 
load  low  byte  data  register,  middle  byte  data  register,  high 
byte  data  register  or  12-bit  DAC  register)  is  accomplished 
by  executing  a  memory  WRITE  operation  to  the  appli- 
cable address  location  for  the  required  DAC  operation. 


Table  IV.  AD7S42  Truth  Table 


AD7542  Control  Inpua 

AD7542  Opcn^sn 

Al 

Ao 

CS 

WR 

CLR 

X 

X 

X 

X 

0 

Resets  DAC  12-Bit  Register 
to  Code  0000  0000  0000 

X 

X 

1 

X 

1 

No  Operation 
Device  Not  Selected 

0 

0 

0 

s 

1 

Load  LOW  Byte' 
Data  Register  On 
Edge  As  Shown 

Load 

Applicable 
Data 
Register 
With  Data 
At  Do  -D3 

0 

1 

0 

_r 

1 

Load  MIDDLE  Byte' 
Diu  Register  On 
Edge  As  Shown 

1 

0 

0 

_r 

Load  HIGH  Byte' 
Data  Register  On 
Edge  As  Shown 

1 

1 

0 

"i_r 

1 

1 

Load  1 2-Bit  DAC  Register  With 
Data  In  LOW  Byte,  MIDDLE  Byte 

NOTES;   

'  1  indicates  logic  HIGH  'MSB-»-XXXX      XXXX      XXXX  -«-LSB 

'0  indicates  logic  LOW  high       middle  kw 

'Xindknn  don't  care  byte       ^ne  Hfm 

*M  indicatet  LOW  to  HICM  traniidan  ■  Theae  canml  •lipi^<(H|eM«liipi<A 


AD7542  INTERFACE  TO  MC6800 

A  typical  6800  system  configuration  is  shown  in  Figure  6. 
Since  the  AD7542  conuins  four  registers  each  AD7542  is  as- 
signed four  locations  in  memory.  AO  and  Al  provides  the  oper- 
ational addresses  and  are  decoded  internally  to  point  to  the 
desired  register.  Register  loading  is  accomplished  by  executing 
a  memory  WRITE  instruction  to  one  of  the  four  addresses. 
Table  V  giVtis  a  sarmrfe  loailiiig  subroutine  writton  in  reentrant 
form. 

Choosing  an  arbitrary  start  address  of  PPQQ,  locations  PPQQ, 
PPQQ+l  and  PPQQ■^2  select  the  low,  middle  and  high  byte 
registers  respectively  while  address  PPQQ+3  selects  the  12-bit 
DAC  register.  The  12-bit  data  to  be  passed  to  the  subroutine 
is  stored  in  locations  XXYY  and  XXYY+1.  The  four  most 
significant  data  bits  are  assumed  to  occupy  the  lower  half 
of  XXYY+L 


F^mme.*  interring  the  AD7S42  to  an  MC6800 


Table  V,  Sample  Routine  for  AD/S42-e800  Interface 


WWZZ 

WWZZ       PSH  A 

PUSH  ACC.  A  ONTO  STACK 

,   . .jp^ 

PSH  A 

PUSH  CCR  ONTO  STACK 

LDAA 

XXYY 

STAA 

PPQQ 

LOAD  LOW  BYTE 

BORA 

r6ra 

RORA 

ROR  A 

STAA 

PPQQ+l 

LOAD  MIDDLE  BYTE 

LDAA 

XXYY+1 

;    STAA 

PPQQ+2 

LOAD  HIGH  BYTE 

,  STAA 

PPQa+3 

LOAD  DAC  REGISTER 

PUL  A 

• 

1  TAP 

POP  CCR  FROM  STACK 

n5r  PULA 

POP  ACC  A  FROM  STACK 

RTS 

RETURN  TO  MAIN  PROGRAM 

2-530  mSITAL'TO-ANALOGCONVEmms 
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AD7542 


A07S43  INTERFACE  TO  8085 

Atypical  8085  system  configuration  is  shown  ui  Figure  7.  The 
AD7S42  CS  input  is  decoded  from  the  three  high  order  address 
linesA13-A15.  The  8085  WR  output  is  directly  connected  to 
the  WR  input  of  the  AD7542.  Table  VI  gives  a  sample  loading 
subroutine  written  in  re-entrant  form.  The  12-bit  data  to  be 
passed  to  the  subroutine  is  stored  in  locations  XXYY  and 
XXYY+1.  The  four  most  significant  data  bits  are  assumed  to 
occupy  the  lower  half  of  XXYY+1.  As  before,  arbitrary 
addresses  PPQQto  PPQ.Q+  3  select  the  low  byte,  middle  byte, 
high  byte^and'^W^NiiiMft^MMM^. 


ADDRISSBUS  AO.AI 


FROM 
SYSTEM 
RESET  ' 


ADDRESS/DATA  BUS 


AD0-AD3  > 


AD7542 

CLR  D0-D3 


Figure  7.  Interfacing  tfie  AD7542  to  an  8085  /Microprocessor 
Table  VI.  Sample  Routine  for  A07542^(^  Inm0^ 


CALL 

7542 

PUSH 

PSW 

PUSH  REGISTER  CONTENTS 

PUSH 

B 

ONTO  STACK 

PUSH 

H 

LXI 

H,  XXVY 

MOV 

A,  M 

STA 

PPQQ 

LOAD  LOW  BYTE 

MVI 

B,  04 

RAR 

DCR 

B 

'mm. 

LOOP 

StA 

PPQQ+1 

LOAD  MIDDLE  BYTE 

INX 

H 

MOV 

A,M 

STA 

PPQQ+2 

LOAD  HIGH  BYTE 

STA 

PPOafj 

LOAD  DAC  REGISTER 

POP 

H 

POP  REGISTER  CONTENTS 

POP 

f 

FROM  STACK 

POP 

RET 

RETURN  TO  MAIN  PROGRAM 

AFPUCATION  HINTS 

The  AD7542  is  a  precision  12-bit  multiplying  DAC  designed 
for  system  interface.  To  ensure  system  performance  conastent 
with  AD7542  specifications,  careful  attention  must  be  given 
to  the  following  points: 

1.  GENERAL  GROUND  MANAGEMENT:  Voltage  differen- 
ces between  the  AD7542  AGND  and  DGND  cause  loss  of 
accuracy  (dc  voltage  difference  between  the  grounds  intro- 
duces gain  error.  AC  or  transient  voltages  between  the 
grounds  cause  noise  injection  into  the  analog  output).  The 
simplest  method  of  ensuring  that  voltes  at  AGND  and 
DGND  are  equal  is  to  tie  AGND  and  DGND  together  at 
the  AD7542,  In  more  complex  systems  where  the  AGN1> 
DGND  interne  is  on  the  back-plane,  it  is  recommended 
that  diodes  be  connected  back-to-back  between  the 
AD7S42  AGND  and  DGND  pins  (1N914  or  ejitivitent). 


2.  OUTPUT  AMPLIFIER  OFFSET:  CMOS  DACs  exhibit  a 
code-dependent  output  resistance  which  in  turn  causes  a 
code-dependent  amplifier  noise  gain.  The  effect  is  a  Ron- 
linearity  term  at  the  amplifier  output  which  depends  on 
Vqs  (Vqs  is  amplifier  input  offset  voltage).  This  non- 
linearity  term  adds  to  the  R/2R  nonlinearity.  To  main- 
tain specified  operation,  it  is  recommended  that  amplifier 
Vqs  be  no  greater  than  10%  of  the  DAC's  output  resolution 
over  the  temperature  range  of  interest  (output  resolution  = 
Vref  (2"")  where  n  is  the  number  of  bits  exercised). 

3.  HIGH  FREQUENCY  CONSIDERATIONS:  AD7542  out- 
put capacitance  works  in  conjunction  with  the  amplifier 
feedback  resistance  to  add  a  pole  to  the  open  loop  response. 
This  not  only  reduces  closed  loop  bandwidth,  but  can  also 
cause  ringing  or  oscillation  if  the  spurious  pole  frequency  is 
less  ^an  the  wi|liier%  OdB  crossover  frequency.  Stability 
can  be  restored  by  adding  a  phase  compensation  capacitor 
in  parallel  with  the  feedback  resistor. 

4.  GAIN  TEMPERATURE  COEFFICIENTS:  The  gain  temper- 
ature coefficient  of  the  AD7542  has  a  maximum  value  of 
5ppm/  C  and  a  typical  value  of  2ppm/  C.  This  corresponds 
to  gain  shifts  of  2.0LSBs  and  0.82LSBs  respectively  over  a 
100  C  temperature  range.  When  trim  resistors  are  used  to 
adjust  full-scale  range  as  shown  in  Figures  4  and  5  the 
temperature  coefficient  of  Rl  and  R2  should  be  taken 

into  account.  It  may  be  shown  that  the  additional  gain 
temperature  coefficients  introduced  by  Rl  and  R2  may 
be  approximately  expressed  as  follows:  — 


Temperature  Coefficient 
contribution  due  to  Rl 

Temperature  Coefficieict 
contribution  due  to  Ri 


=  "^1 

RiN 


(Tl  +  300) 
(72  *  SOO) 


Where  7i  and  72  are  the  temperature  coefficients  in  ppm/  C 
of  Rl  and  R2  respectively  and  Rjn  is  the  DAC  input  resist- 
ance at  the  Vref  terminal  (pin  2).  For  high  quality  wire- 
wound  resistors  and  trimming  potentiometers  7  is  of  the  order 
of  50ppm/°C.  It  will  be  seen  that  if  Rl  and  R2  are  small  com- 
pared with  RiN ,  their  contribution  to  gain  temperature  coef- 
ficient will  also  be  small.  For  the  standard  AD7542  gain  error 
specification  of  ±3LSBs  it  is  recommended  that  Rl  =  50IJ 
and  R2  =  2512.  With  7  =  50  these  values  result  in  an  overall 
maximum  gain  error  temperature  coefficient  of: 

5  +  (50  +  300)  =  6pp»/'C 

However,  if  the  AD7542GTD  is  used  whiAf|li*Specified 
gain  error  of  ±1LSB,  then  with  Rl  =  lOfl  and  R2  =  5^  the 
overall  maximum  gain  temperature  coefficient  is  increased  by 
only  0.25ppm/°C.  Where  possible  Rl  should  be  a  select  on 
test  fixed  resistor  since  the  resulting  gain  temperature  coeffi- 
cient will  be  tighter  in  all  cases.  For  further  gain  T.C.  informa- 
tion refer  to  application  note,  "Gain  Error  and  Gain  Tempera- 
ture Coefficients  of  CMOS  Multiplying  DACs",  Publication 
Number  E630-10-6/81  available  from  Anadog  Devices. 

^  gat  adAtional  information  on  multiplying  DACs  lefH  to 
•^^'CMdS  DAC  Application  Guide,"  Publicatioti  Nuniber 
tSSfl^lS— 4/86,  available  from  Analog  Devices. 
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2-532  DIGITAL-TO-ANALOG  CONVERTERS 


ANALOG 


1 2-Bit  (4-BjtNybble  Input) 


DEVICES 

Mult 

iplyii 

ig  CMOS  D/A  Converter 

-.':f   ,„  ,                                                   .  ■   .  . 

PM-7542 

FEATURES  . , 

•  4>«lt  Bus  Compile  IMlt  MiiMplylngDAC  '       '  ^ 

•  ComptotoMcroproosssorMailaeawlthOi-ChlpAidclraM 
Decoding  and  AsychrehoM  CLEAR  Input  v 

^  Fast  Interfaea  Timing 

•  Superior Accuracy:±l/2LSBINLBrrorOvarTamperatureand 
±1  LSB  Gain  Error 

•  Excellent  Power  Supply  Rejection  ..^  .i.'.^...b.002%%  Mea( 

•  Reduced  Digital  Charge  Injection 

•  Reduced  Output  Capacitance 

•  Small  (1 6-Pin),  Narrow(0.3")  WPiVidcafles  Suitably  terAyto- 
Insertion  and  SO  Surface  Mount  FsdgiiQi        '  . 

•  Improved  ESD  Resistance  .  -   •  =  - 

•  Superior  Direct  Replacement  for  AD7542 

•  Available  in  Die  Form 

APPLICATIONS 

•  Process  Control  and  Industrial  Automation 

•  Programmable  Amplifiers 

•  Digitally-Controlled  Power  Supplies 

•  Digitally-Controlled  Attenuators 

•  Digitally-Controlled  I 

•  Instrumentation 

•  Avionics 


ORDERING  INFORMATION  ' 


EXTENDED 

MILITARY*  INDUSTRIAL 

COMMERCIAL 

GMN 

NON- 

TEMPERATURE  TEMPERATURE 

TEMPERATURE 

ERROR 

'UNEARITY 

-S5%tO'»12S°C  -40°Cta*SS°C 

±1186 

±1/2  LSB 

PM7S42AQ  PM7S42EQ 

PIM75426P 

iZlSB 

±1LSB 

PM7542BQ  PM7542F^ 

±2  LSB 

±1  LSB 

PM7542BRC/883''f  PM7542FP 

±2  LSB 

±1  LSB 

PM7542FS 

*    For  devices  processed  in  totai  compiiance  to  MiL-STD-883,  add  /B83  after  part 

number.  Consult  factory  for  883  data  sheet, 
t    Burn-in  is  available  on  commerciat  and  industrial  temperature  range  parts  in 
'^CerOIPand  plastic  DIP  pukages. 


CROSS  REFERENCE 


TEMBERATURE 

PMI 

ADI 

RANGE 

PM7542AQ     '  * 

AD7S42GTD 

PM7S42AQ 

AD7542fTD 

MIL 

PM7542BQ 

AD7542SD 

PM7S42EQ 

AOre42GBD 

PI^7542EO 

AD7542BD 

INO 

PIU17542FQ 

AD7542AD 

Prul7542GP 

A07S42GKN 

PM7542GP 

A07S42KN 

COM 

PM7S42FP 

A07S42JN 

GENERAL  DESCRIPTION 

The  PM-7542  is  a  12-bit  resolution,  current  output,  nnultiplying 
CMOS  DAC  Virith  a  microprocessor  interface  to  4-bit  busses. 
Improved  analog  accuracy,  a  fast  digital  interface,  and  input 
ESD  protective  circuitry  make  this  a  superior  second-source 
to  the  industry  standard  7542.  This  Improved  performance 
permits  the  easy  upgrading  of  accuracy  and  ruggedness  in 
existing  designs.  '  '  ' 

Continued 

PIN  CONNECTIONS 


'ouTi n" 

'ouTa  [Z 

aondIT 

33  "oD 

AGND 

(MSB)DBi|T 

DB, 

DBj[T 

12]dGND 

N.C. 

DB,(T 

30  A, 

DB3 
OB, 

.    IS  • 

(L£B)DBo|T 

33  *• 

5|T 

T|  wS 

16-PiN  CERDIP 
(Q-Suffix) 
16-PIN  EPOXY  DIP 
(P-Sumx) 

ie-piii  aoL  ~ 

;) 


[iJLilLiJHbil" 


g  IS  i  It  < 
20-PiNLcc 

(R&SufRx) 


[J5 

Vdd 

m 

N.C. 

E 

POND 

El 

», 

FUNCTIONAL  BLOCK  DIAGRAM 


DBrOB, 
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{Un(jW!(nicroprocessor  control,  4-bit  data  bytes  are  loaded  from 
a  data  bus  into  three  4-bit  input  registers.  The  resulting  12-bit 
data  word  can  then  be  transferred  to  a  DAC  register,  updating 
the  analog  output.  Data  Input  and  transfer  operations  resemble 
the  WRITE  cycle  of  a  static  RAM.  An  asynchronous  CLEAR  Input 
permits  the  Immediate  resetting  of  the  DAC  register  to  all  zeros, 
without  affecting  the  data  resident  in  the  input  registers. 

improved  linearity  and  gain  error  performance  may  permit  a 
reduced  circuit  parts  count  through  the  elimination  of  trimming 
components.  Fast  interface  timing  reduces  design  con- 
siderations while  minimizing  microprocessor  wait  states.  The  PM- 
7542  Is  available  in  standard  plastic  and  CerDIP  packages  that 
are  cofflpatible  with  auto-Insertion  equipment. 

ABSOLUTE  IVIAXIIUIUM  RATINGS 

(T^  =  +25°C,  unless  otherwise  noted.) 

VQp(toDGND)  +17V 

Vpigp  (to  DGND)  :.  ™  ±25V 

Vppg  (to  DGND)  ±25V 

AGND  to  DGND  ;...U.4...  V^^  +  0.3V 

DGND  to  AGND  .s^^  V^^  +  0.3V 

Digital  Input  Voltage  Range  -0.3V  to  V^^ 

lOutputVoltoje  {Pin  1,  Pin  2)   ..|JD.«Vto 


■    ^  ■  t 

Operating  Temperature  Range 

A/B/BRC  -55°C  to  +1 25'C 

E/F  Versions  -40°C  to  +85°C 

GP  Versjpn  O-C  to  +70»C 

Junction  Temperature  .....,.+159°C 

Storage  Temperature  „-65»G  to  +1 50"*C 

Lead  Temperature  (Scilderif^.  60  sec)  .:„..........„.,...,,..>. 300!>C 

PACKAOE  TYPE       .  e,^(N0TE1)        «je     .       '  UNITS 

16-Pin  Hermetic  DIP  (Q)  94  t2   "C/W 

16-Pin  Plastic  DIP  (P)  Tfl  33  'c/W 

20-Conlacl  LCC  (RC)  88  33  'C/W 

16-Pin  SOL  (S)   92  27  °CW 

NOTE! 

1 .  Sf^ji^sMGifled  fpr  wpr^traas  ndountlng  conditions,  i.e.,  e^^  is  specified  for 
i&mi'miaiiiit^  (ITUl  LCC  packages:     ^  spacflled  ter 

dDlce  sddwad  to  ^MliwataiB  bdafj  lof  SOL  padcage. 

cMinoife 

1.  Do  not  apply  voltag^fiiiiW  than  Vqd  or  less  tfiln  AGNb'pOteMlM  oriiany 

terminal  except  Vr^p  (Pin  15)  and  Rpg  (Pin  16).  ' 

2.  The  digital  control  inputs  are  zener-protected;  tiowever,  permanent  damage 
may  occur  on  unprotected  units  from  high-energy  electrostatic  fl^da.  tWjrtp 
units  in  conductiv«,ro«n  ^a|l  tim^  untij  ready  to  use. 

3.  Use  proper  anH^Mb  luitialn^  prooidurali. '  ''  '  ' 

4.  Absolute  Maximum  Ratings  apply  to  bMii  ptokaiged  dBVieMI<l|id'  DICE. 
Stresses  above  those  listed  under  AbaolutKMlllUlum  BalinaSfnay  «*>no 
permanent  damage  to  the  device.  ....  ^  . 


PLECT«IGiiB/€HIWACTERIS:ni^Shit)%o^«-i:SV: 


'REF 


■+10V;  Vq 


'OUT2 


■■  OV;  T.  -  -S5°C  to  +125»C  for 


PM-7542AQ/BQ;  T.  — 40»C  to  +as°C  for  PM-7542EQ/FQ/FP/FS;  and  T.  =  0»C  to  +70-0  for  PM-7542GP,  unless  otherwise  noted. 


RARAMETER 

SYMBOL 

fOfjWllPNS 

MIN 

PM-7542 
TYP 

HIAX 

UNITS 

STATIC  ACCURACY 

Resolution 

N 

Bits 

Nonltnearlty 
,— flUoto-t)  — 

INL 

PM-7542A/E^  .  ; .    .  ; 
PM-7542B/F 

±1/2 
1 

LSB 

f  Dl«e»entl«l  Nonllnaarlty  _ 

1  (Notes)"           _  .   —  ! 

PM-7542A/e 
PM-7542B/F/Qi-''  -v 

±1/2 
±1 

LSB 

Gain  Error 

'    ~  '. 

Ta  =  +25°C 

PM-7542A/E 

PM-7642B/F/G 
Ta  =  Full  Temp.  Range 

All  Grades 

■  1- 
2 

2 

LSB 

Gain  Tempco 
(jiGain/ATemp) 
(Note  6) 

—  TCqfs 

1 

 -  *, 

±5 

J,  *pm/°C 

Power  Supply  j 
Rejection  Ratio 
(AGain/ATemp)  ^ 

0.0006 

±0.002 

%/% 

1  Output  Lea|nAeRs-«o 
1  Current    '  1  _ 

Ta  =  +25°C 

Ta  =  Full  Temp.  Range 

±5 

"       T)  nA 

1  (Notes  4,  i)  'l'V[' 

— 1    ' — ieigsr  1 — 

PM-7542A/B 

PM-7542E/F/G  ' 

±100 

Zero  Scale  Error 
(Notes  a.  13) 

Ta  =  +25''C 

Ta  =  Full  Temp.  Range 

PM-7542A/B 

PM-7542E/F/G 

WO'j  — 

±0.02 

±0.5 
±0.1 

LSB 

Input  Resistance 
(Note  9) 

7 

11 

15 

i-i34  ofGrrAL-T&ANALa^eONvefmits 
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ELECTRICAL  CHARACTERISTICS  at  V^d  =  +5V;  V^^^  =  +1  OV;  V^^^^,  =  V^^j,,  =  V^^^^  =  Vqqnd  =  OV;  =  -55»C  to  +1 25°C 
for  PM-7542AQ/B0!T^  -^'<5to'i*BS^farH»7Si^^i8e»BI»m3;ar)dT^:i=^^  noted. 

Continued  _    ^  


mWAMETER 

SYMBOL 

CONDITIONS 

MIN 

PM-7542 

typ 

MAX 

UNITS 

AC  PERFORMANCE 

Output  Current 
Settling  Time 

T»=+2S"C                                     •  ■ 



IIS 

(Notes  6,  7) 

FeadthroMflti  Rrgf, 
(Vref  10  louTi) 
(^ote  6) 

FT 

VBEF  =  20Vp.p@f=10kHi 
Digital  Input  =  0000  0000  0000 
Tx  ~  +25'C 

— 

V 
0.45 

 ms^ — ^ 

1 

mVp,p 

Digital  to  Analog 
Glitch  Energy 
(Note  6) 

Q 

Vref  =  OV 

lour  Load  =  lOOn 

Cext  =  13pF 

DAG  register  loaded  alternately  with 

all  Os  artd  ali  1s 

2 

200 

nVs 

Total  Harmonic 
Distortion  (Note  6) 

THD 

V„EF  =  6V  RMS  @  1l<Hz 

DAC  register  loaded  with  ail  Is 

-92 

dB 

Output  Noise 
Voltage  Density   

 •»  ■ — 

10Hz  to  lOOkHz 

13 

nV/VHz 

(Notes  6,  14) 

R^easuisd  between  Rfb  'hci  'out 

POWER  SUPPLY 

Supply  Voltage  Range 

Vdd 

4.75 

6 

5.25 

V 

Supply  Current 

Ail  digital  inputs  =  Vih  or  V|i_ 
'  All  digital  inputs  =  OV  or  Vqd 

•  0.1 

'  mA 

DIGITAL  INPUTS  ,;, 

Digital  Input  HIGH 

V|H 

2.4 

V 

Digital  Input  LOW 

0.8 

V 

input  Leakage 
Current  (Note  10) 

Ul 

V|N  =  OV  to  +5V 

+1 

*.At 

Input  Capacitance 
(Note  6) 

C|N 

V|N  =  OV 

B 

PF 

ANALOG  omfufa 

Output  Capacttanee 

Oquti 

Digital  Inputs  -  % 

30 
65 

60 
90 

(Note  6) 

Digital  Inputs  =  Vn_ 

65 
30 

90 
60 

PF 

CREVWD 


&IGITASm-ANALQGeOHVEnmiS  2-^ 


tor  HM-/!j4iiAU/DU;  l^=— 4U'V->lo+oo  v^iui  rivi-( 

Continued 


PARAMETER 

SYMBOL 

$:ONDITIONS 

NIN 

PM-7542 
TYF 

MAX 

TIMING  CHARACTERISTICS  (Note  6) 

WRITE  Pulse  Width 

Ta  =  +25°  C 

Ta  =  Full  Temp-  Range 

90 
120 





ns 

CteAR  PMW  Wtdth 

'CLR 

Ta  =  +25"'C 

Ta  =  Full  Temp.  Range          ,  j 

'0 
80 





ns 

Ail#MsVMIdto 
WRITE  Hold  Time 

tAWH 

Ta=+2S"C 

1a.~  fi!!L  T^f^S:  QttB^ 

-■  •        c-.i  ■■,10 
10 





ns 

Cnip  Select  to 
WRITE  Hold  Time 

tcWH 

Ta  =  -K!S°C 

Ta  =  Full  Temp.  Range 

0 

to 





ns 

dliip  Select  to 
WRITE  Set-up  Time 

•cws 

Ta  =  +25°C 

Ta  =  Full  Temp.  Range 

0 

-10 

 — ib-   



_ 

Adiress  VtiFd  to 
WRITE  Set-up  Time 

Ta  =  +25°C 

Ta  =  Full  Temp.  Range 

0 

6 





"  ns 

Date  Set-up  Time 

Ids 

Ta  =  +25°C 

Ta  =  Full  Temp.  Range 

40 

40 

ns 

Data  Hold  Time 

'oh 

Ta  =  +25''C 

Ta  =  Full  liemp.  I^ange 

40 
40 

ns 

NOTES: 

i:  +V2-LSBBi(j.0T»  Of  Bull  Scale.    -     -  " 

2.  All  grades  are  monotonic  to  12-blts  over  temperature. 

3.  Using  tnternal  feedback  resistor. 

4.  Applies  to  Iqutv  all  digital  inputs  -  Vil- 

5.  Specification  also  applies  for  louT2  when  all  digital  inputs  =  Vj^. 
Guaranteed  by  design  and  n»  tested. 

7.  loun  Load  =  lOOfl,  Oeia-  iSpH  dltftat-lnput  =  OV  to Vbb of  VajtO  W. 
Extrapolated  to  1/2  LSB:  t^  =  Propagation  Delay  (tpo)  +  9t.  where  r  = 
measured  time  constant  of  the  final  RC  decay. 

8.  Vr£p  =  -I-10V,  all  digital  inputs  ==■  OV. 


9.  Absolute- teinperatuiis  coefficient  is  less  than  +50  ppmf  C 
•  10.  Digital  Inputs  are  CMOS  gates;      Is  typically  InA  at  +25"C. 

11.  Vref  =  OV.  all  digital  inputs  =  OV  to  Vdd  or  Vod  to  OV. 
12  All  digital  inputs  =  OV 

13.  Calculated  from  worst  case  Rrep 

I^SE  (in  LSBs)  =  (Rref  X  i^kg  >  4096)/V„ef. 

14.  Calculations  from  en  =  \/4K  TRB  where; 

K  =  Boltzmann  constant,  J/"K      R  =  resistance  h 
T  =  resistor  temperature,  °K       B  =  l)andwidth,  Hz 
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WAFER  TEST  LIMITS  at  Vdd=  +5V,  Vref  =  +10V;  Vquti  =  VouT2  =  Vagnd  =  ^dqnd  =  OV,  Ta  =  +25°C,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

PM-7542@BC 
tqiir 

UNITS 

STATIC  ACCURACY 

Resolution 

N 

12 

Bits  MIN 

Integral  Nonlinearity 

INL 

±1 

LSB  MAX 

Differential  Nonlinearity 

DNL 

±1 

LSB  MAX 

Gain  Error 

Using  Internal  feedbacK  resistor 

±2 

LSB  MAX 

Power  Supply  Rejection 
Ratio 

"  ■  PSRR 

AVdd  =  ±5* 

1/ 

1I>/%MAX 

Output  Leakage 
Current  (Iquti) 

'uce 

Digital  Inputs  =  Vj^ 

i   *5' 

nAMAX 

REFERENCE  INPUT 

Input  Resistance 

"hef 

7/15 

kn  MIN/MAX 

DIGITAL  INPUTS 

Digital  Input  HIGH 

V|H 

2.4 

V  MIN 

Digital  Input  LOW 

Vu. 

0.8 

V  MAX 

Input  Leakage  Current 

ht 

V|N  =  OV  to  Vdd 

±1 

M  MAX 

POWER  SUPPLY 

Supply  Current 

Idd 

Digital  Inputs  =  V|h  or  Vn_ 
Digital  Inputs  =  OV  or  Vcq 

2 
0.1 

mA  MAX 

Electrical  tests  are  performed  at  wafer  pi'obe  to  tt>e  limits  sliown.  Due  to  variations  in  assembly  mettiods  and  normal  yield  loss,  yield  after  packaging  is  not 
guaranteed  for  standard  product'dice.  CijnsQtf  factory  to  negotiate  specifications  based  dn>dice  lot  qualification  ttlrougti  sample  lot  assembly  and  testing. 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


MULTIPLYING  MODE 
FREQUENCY  RESPONSE 
vs  DIGITAL  CODE 


ink  lOOK 
FREOUENCTlHi) 


MULTIPLYING  MODE 
TOTAL  HARMONIC 
DISTORTION  vs  FREQUENCY 


I  1 1  mill — I  1 1  null 

OUTPUT  OP  AMP;  OP-42 


& 


10k  100k 


SUPPLY  CURRENT  vs 
LOGIC  INPUT  VOLTAGE 


t 


LINEARITY  ERROR  vs 
DIGITAL  CODE 


2  - 
S  0.1 


-0.2 
-0.3 


V^(VOLTS) 


0      012    1024   1536   2048   2560   3072  3584  ' 
nWTiU.mPUT  CODE  (KOMAl.) 


LINEARITY  ERROR  VS 
REFERENCE  VOLTAGE 


VhEF  (VOLTS) 


LOGIC  THRESHOLD  VOLTAGE 
vs  SUPPLY  VOLTAGE 


f  1 


DNL  ERROR  vs 
REFERENCE  VOLTAGE 


Vbe,(»01.TS) 
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SPECIFICATION  DEFINITIONS  . 
fffi^LUTION 

fIfciPBsolution  of  a  DAC  is  the  number  of  states  (2")  that  the 
WMcale  range  (FSR)  is'4tMM' l9<^')'^<^lved)  into,  where  "n" 
te^uaf  to  tW«!riUrnbW"  W**iii8? 

SETTLING  TIME 

Time  required  for  the  analog  output  of  the  DAC  to  settle  to 
within  1/2  LSB  of  its  final  value  for  a  given  digital  input 
stimulus;  i.e.  zero  to  full  scale. 

GAIN  :Ji  'oaann 

Ratio  of  the  DAG"s  ea^ernal  operational  amplifier  output  vol- 
ta9e  to  the  Vrep  ftrpit  voltage  when  all  digital  inputs  are 
HIGH. 

FEEDTHROUGH  ERROR 

Error  caused  by  capacitive  coupling  from  Vrep  to  output. 
Feedthrough  error  limits  are  specified  with  all  switches  OFF. 

OUTPUT  CAPACITANCE 

Capacitance  from  Iquti  terminal  to  ground  with  all  digital 
inputs  LOW,  or  from  louT2terminal  to  ground  when  all  inputs 
are  HIGH. 

OUTPUT  LEAKAGE  CURRENT 

Current  appearing  at  Iquti  when  all  digital  inputs  are  LOW,  or 
at  louT2  terminal  when  all  inputs  are  HIGH. 

GENERAL  CIRCUIT  INFORMATION 

The  PM-7542  is  a  12-bit  multiplying  D/A  converter  with  a  very 
low  temperature  coefficient,  R-2R  resistor  ladder  netyts^, 
data  input  and  control  logic,  and  four  data  registers.  The  digi- 
tal circuitry  forms  an  Interface  between  the  12-bit  DAC  arid  a 
four-bit  data  bus. 

An  asynchronous  CLEAR  function  allows  resetting  the  DAC 
register  to  a  zero  code  (0000  0000  0000)  without  altering  data 


6  6 

BIT  1  (MSB)       BIT  2 


DIGITAL  INPUTS 
(SWITCHES  SHOWN  FOB  DISITAL  INPUTS  "HIGH") 

I       I         i  .       i  *THESE  SWITCHES  PERMANENTLY -ON' 


A  simplified  circuit  of  the  PM-7542  DAC  is  shown  in  Figure  1. 
An  inverted  R-2R  ladder  network  consisting  of  silicon-chrome, 
thin-film  resistor,  and  twelve  pairs  of  NMOS  current-steering 
switches  steer  binarlly  weighted  currents  into  either  Iquti  or 
louT2.  Switching  current  to  Iquti  or  Iout2  yields  a  constant 
current  in  each  ladder  leg,  regardless  of  digital  input  code. 
This  constant  current  results  In  a  constant  input  resistance  at 
Vrep equal  to  R  (typically  11  kn).  The  Vrep  input  may  be  driven 
by  any  reference  voltage  or  current,  AC  or  DC,  that  is  within 
the  limits  stated  in  the  Absolute  Maximum  Ratings  chart. 

The  twelve  output  current-steering  switches  are  In  series  with 
the  R-2R  resistor  ladder,  and  therefore,  can  introduce  bit 
errors.  It  is  essential  then,  that  the  switch  "ON"  resistance  be 
binarily  scaled  so  that  the  voltage  drop  across  each  switch 
remains  constant.  If,  for  example,  switch  1  of  Figure  1  was 
designed  with  an  "ON"  resistance  of  10  ohms,  switch  2  for  20 
ohms,  etc.,  a  constant  6mV  drop  will  then  be  mairilined 
across  each  switch.  ] 

To  further  insure  accuracy  across  the  full  temperature  range! 
permanently  "ON"  MOS  switches^aTe  ineltided  In  series  with 
the  feedback  resistor  and  the  R-2rotftdflei*s  terminating  resis- 
tor. The  "Simplified  DAC  Circuit",  Figure  1,  shows  the  location 
of  the  series  switches.  These  series  switches  are  equivalently 
scaled  to  two  times  switch  1  (MSB)  and  to  switch  12  (LSB) 
respectively  to  maintain  constant  relative  voltage  drops  with 
varying  temperature.  During  any  testing  of  the  resistor  ladder 
or  RpEEDBACK  (such  as  Incoming  Inspection),  Vdd  must  be 
present  to  turn  "ON"  these  series  switches. 

ESD  PROTECTION 

The  PM-7542  data  inputs  have  been  designed  with  ESD 
resistance  incorporated  through  careful  layout  and  the  inclu- 
sion of  Input  protection  cireritrf. 

Figure  2  shows  the  input  protection  diodes,  ttigh  V^fage 
static  charges  applied  to  the  digital  inputs  are  shuhted'td  the 
supply  and  ground  rails  through  forward  biased  diodes. 

These  protection  diodes  are  designed  to  clamp  the  inputs  well 
I  below  dangerous  levels  during  static  discharge  conditions.  , 


(^1 


FIGURE  2:  Digital  input  Protection 


FIGURE  t:  Simplified  M0^ta|# 


EQUIVALENT  CIRCUIT  ANALYSIS 

FtgurS»3!arMl»i  show  equivalent  circuits  for  the  DAC  witti  'all 
bits  1J0W and-' HIGH,  respectively.  The  reference  cUrreiWlS 
swltc^|jAiitt0%tJ1^wtMin'all  data  bits  are^U^^eM 'IS  louri 
when«tlfblfe'afe«e@H."The  Ileakage  ci»FiW**eiKnBb  te  the 
wimbtMOtea  oeiiHjlFfae»>{md4unetk>n  ta^tag^  tHS^^iilV' 
strate.  The  1/4096  con^srrsouree  fepresdnts'tf^  iSoHmfH 
current  drain  through  the  ladder's  terminating  resistor 

Output  capacitance  is  dependent  upon  the  digital  input  code. 
This  is  because  the  gate  capacitance  of  MOS  transistors 
increases  with  applied  gate  voltage.  This  output  capacitance 
varies  betv««en'>ltie.  kswaitd' high  valuea. 


-O  B( 


'FEEDBACK 


— R  -  lOkn 

o — vv\ — t- 


;  R  =  Wkfl 
 O  loun 


V 


FIGURE  3:  PM-754Z Equivalmt  Circuit  (Ml  InputslOWi 


o  vw— «— 


FIGURE  4:  PM-7S4a£qulvelont  Clrmits  (Ali  Digital 

Inputs  HIGH) 

I 

DYNAMIC  PERFC^MANG^  ,  ' 

!  OUTPUT  IMPEDAN^  ;.  ^ 

;Ttie  ouSfHA  reslstanpi,'&  In  the  case  of  the  output  capaei' 
tance,  varies  wi^  th#«ltgtta(  iniHit  code.  This  lei^sianoe,  look-! 
ing  t>ack  into  the  Iqut  terminal,  may  be  between  11  kn  (the 
feedback  resistor  alone  when  all  digital  inputs  are  LOW)  and 
7.5kfl  (the  feedback  resistor  in  parallel  with  approximately 
30kn  of  the  R-2R  ladder  network  resistance  when  any  single 
bit  logic  is  HIGH).  Static  accuracy  and  dynamic  performance 
will  be  affected  by  these  variations.  The  gain  and  phase 
stability  of  the  output  amplifier,  board  layout,  and  power 


supply  decoupling  will  ali  afFet:t  the  dynamic  petfyntUmBe'df 
the  PM-7542.  The  use  of  a  compensation  capacitor  may  tie 
'.required  when  high-speed  operational  amplifiers  are.U8ed.<  It 
may.beaecmeGted  across  the  amplifier's'  feedback  resistor  to 
provide  the  necessary  phase  compensation  to  critically  damp 
the  output. 

ITp.  considerations  when  using  high-speed  amplifiers  are:  ■ 

1.  Phase  compensation  (see  Figures  8  and  9). 

2.  Power  supply  decoupling  a^  the  device  socket  and  use  df 
proper  grounding  techniques. 


APPLICATIONS  INFORMATION 
APPLICATION  Tira 

In  most  applications,  linearity  depends  upon  the  p'ot6f)tla1  '<if 
lpuTi.  >ouT2>  ahd  7iGi4Sn(^ns  1, 2,  and  3)  being  exactly  eqiial 
to  each  other.  lA  mde^#islteations,  the  DAC  is  connected  to 
an  external  op  amp  with  its  noninverting  input  tied  to  ground 
(see  Figures  8  and  9).  The.ampjifler  selected  should  have  a 
low  input  bias  current  an$l  low  drift  over  temperature.  The 
amplifier's  input  offset  vblbge  should  be  nulled  to  less  tti^ 
±200mV  (less  than  10%  of  1  LSB). 

The  operational  amplifier's  noninverting  input  should  tfave  a 
miiMibA  'iesl^i^'^oninedfldh'  to  ground;  th&  iisiial  Was 
current  compen^ion  relator  shoiild  not  be'fitisdi  TMs  resli- 
tor  can  cause  a  variable  offset  voltage  appearing  as  a  varying 
output  error.  All  groMn£^  |i}ps,shj^M  tie  toasingj^^Hniqpri 
ground  point,  avoiding  ground  loops,  the  V[>p  po^ifer  supply 
should  have  a  low  noise  level  with  no  tfandei^'great^ 
than  -I-17V.  '  ■ 

Unused  digital  inputs.^^  always  be  grounded  or  taken  to 
Vdd;  this  wlii  prevent  noise  from  triggering  the  high  impe- 
dance digital  inputs  resulting  in  output  errors.  It  is  also 
i^rWtietfdiia^f  the  used  digital  inputs  be  taken  to  ^fouhS 
or  Vg^  via  a  high  value  (1Mn)  resistor;  this  will  prevent  the 
accumulation  of  static  charge  If  the  PC  card  is  disconnected 
from  the  system. 

Peak  supply  current  flows  as  the  digital  inputs  pass  through 
,  the  transition  voltage.  The  supply  current  decreases  as  the 

input  voltage  approaches  the  supply  rails  (Vqq  or  DGND),  i.e. 
J  rapidly  slewfing  logic  signals  that  settle  very  near  the-supply 

rails  will  mlntrri!£e  supply  current. 

|OUTPUT  AMPUF^  ai|i»IOERXnONS  ^ 

jwhen  using  high  8|eed  dpr^amps,  a  smfil  f^back  pt^weitori 
^(typteally  15pF)  shduldfbi^  Qsed  across  the  ampilfieT  t^  mini-' 
mize  overshoot  and  ringing.  For  low  speed  or  static  applica- 
tions, AC  specifications  of  the  amplifier  are  not  very  eritical., 
In  high-speed  applications,  slew  rate,  settling  time,  open-loop 
gain,  and  gain/phase  margin  specifications  of  the  amplifier 
should  be  selected  for  the  desired  performance.  It  has  already 
t>een  noted  that  an  offset  can  be  caused  by  including  the 
usual  bias  current  compensation  resistor  in  the  amplifier's 
noninverting  input  terminal.  This  resistor  should  not  be  used, 
instead,  the  amplifier  should  have  a  bias  current  which  is  low 
over  the  temperature  range  of  interest  \ 
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Static  accuracy  is  affected  by  the  variation  in  tlie  DAC's  out- 
put resistance.  This  vkriSatforr  ils  best  ifttisti'atea'  by  Using  tte' 
circuit  of  Figure  5 the  equation:.-   


Verror  -  Vq 


where  Rq  is  a  function  of  the  digital  code,  and: 
Ro  =  10l<fl  for  more  than  four  bits  of  logic  1, 
Ro  =  30i<n  for  any  single  bit  of  logic  1. 

Therefore,  the  offset  gain  varies  as  followsi  - 
at  code  0011  1111  1111, 

10i<n  . 

Verror  =  Vos  { 1  +"7:^:;  \  =  2Vos 
at  code  0100  0000  0000, 


Verror  -  Vos  (  1  + 


1  +  \ 

ioi<n  J 

)  ( 

(10k!l  \ 
30kn  ) 


■■  4/3Vos 


The  error  difference  is  2/3  Vos- 

Since  one  LSB  has  a  weight  (for  Vr£p  =  +10V)  of  2.4  mV  for 
the  PM-7542,  it  is  clearly  important  that  Vqs  be  minimized, 
either  using  the  amplifier's  nulling  pins,  an  external  nulling 
networi<,  or  by  selection  of  an  amplifier  with  inherently  levy 
Vos-  Amplifiers  with  sufficiently  low  Vqs  include  PlVII^'f  OP'-7'^ 
OP-07,  OP-27,  and  OP-42. 

INTERFACE  LOGIC  OPERATION 

The  PM-7542  has  been  destgned  Xp  be  Interfaced  $s^aj|||^mory| 
mapped  output  device  aS' Shown  in  Figure  6. 

As  shown  in  the  device  truth  table.  Table  1,  CS  is  an  externally 
decoded  device  address,  selecting  the  device  when  needed. 

Aoand  A^  are  internally  decoded  operation  addresses.  Each  of 
these  four  available  operations  requires  a  memory  location. 
Data  operations  are  performed  by  executing  a  memory  WRITE 
to  the  address  for  that  operation.  This  WRITE  cycle  is  identi- 
cal to  that  of  a  RAM.  Updating  the  entire  12-bit  data  word 
requires  four  WRITE  cycles  (three  data  nybble  loads  and  one 
data  word  transfer).  Timing  for.asWaWe-%el»1»"'StidvWi"1n 
Figure  7. 


held  in  the  input  registers-.While  in  unipolar  mode,  a  CLEAR 
will  result  in  the  analog  output- goingai^  oy.  \nj]^o\a.J  tpode, 
the  output' will  go  to  -Vrep 

•         ■•        X  ■ 


HIGH  BYTE 

INPUT 
REGISTER 


MIDDLE 
BYTE 
INPUT 
REGISTER 


LOW  BYTE 

INPUT 
REGISTER 


FIGURE  6:  Simplified  Input  Control  Structure 


Aj-A, 
(PINS  10. 11) 


-  ADDRESS  BUS  VALID  - 


m 

(PINS) 


VALID 


NOTE:  TIMING  MEASUREMENT  REFERENCE  LEVEL  IS 


jFIGURE  7:  PM-7542  Timing  Diagram 


INTERFACE.  iNPUf  DESCRIPTION  i 
CS  (Pin  8)— Chip  Select.  Active  Low. 

Selected,  with  WR,  to  load  data  Into  an  input  register  or 
transfer  data  from  input  to  DAC  registers. 

WR  (Pin  9)— Write  Input.  Active  Low. 

Selected,  with  CS  and  appropriate  address  inputs,  to  load 
data  into  an  input  register  or  transfer  data  from  input  to 
DAC  regisfe^.-'-"' '  :  ' 


REV..t? 


At 

Ao 

cs 

WR 

CLR 

-  OPERATION 

Y 
A 

Y 
A 

X 

X 

Q 

Reset  12-bit  DAC  Register  to  Zero  Code  (Code  = 
not  affect  Input  Registers.  i 

0000  0000  0000).  Does 

X 

X 

1 

X 

1 

No  operation.  Device  not  selected.  ', 

0 

0 

0 

J 

1 

Load  LOW  Byte  (Note  5) 
Data  Register  on 
Rising  Edge. 

Load 

0 

tj^  - 

/ 

1 

Load  MIDDLE  Byte  (Note  5) 
Data  Register  on 
Rising  Edge. 

Addressed 
Data 
Register 
With  Data 

fit  DBq^DB3. 

1 

r  ; 

0  , 

rt' 

AJ  ■ 

J 

1 

Load  IHIGI-I  Bvte  /Note  5) 
Data  F^gister 

Rising  JB10f„    ;       .  .   

]  C^3^ 

if 

Load  DAC  Register  wHt,  laHPt  Pfta Jfi;  1^'  'MUDDLE,  and  HIGH  Byte 
Data  Registers  ^ote  6).  " 

NOTES: 

1.  1  indicates  logic  HIGH 

Z  0  indicates  logic  LOW 
:  3.  X  Indicates  don't  care 
'  4.  J  indicates  LOW  to  HIGH  transition 
i  5.  Input 

'  ~   Data  Bit      DB3     DB2     DB^     DBq  DB3     DB2     DB^     DBq  DB3     DB^     DB^  DBq 

MSB-^      XXXX  XXXX  XXXX  LSB 

HIGH  BYTE  MIDDLE  BYTE  LOW  BYTE'v  .  ji 

6.  Tliese  control  signals  are  level  triggered 


Ao  (Pin  10),  Ai  (Pin  11)— Address  Inputs. 

Addressed,  with  CS  and  WR  selected,  to  perform  data  load 

or  data  transfer  SfictjMions.  See  TMBle  1  tor  truth  table. 

iCLR(Pin'13)|:riiHK^jbiaftjMa^  A^lli*iWi«»ii; 

!  When  L&N,  t^^pt  DiC  c^t^r  ^.foftied  to  a  zero  code  (0000 

lOOOO  'OOOO)  regardless  of  other  interfaoe-inputBr— 

I  * 

tUNIPOLAR  C^^RAnQli(2^0UA^tAltI)i 

{l^«i»ults.8ti^w4n  with  an  AC 

|or  DC  referenda  voltag^X'^  circuits  output  will  rangfi,  be- 
tween tlV  and  apprexfrnweiy -Vref  t«J9S/409e)-depending 


FIGURE  8:  Unipolar  Operation  with  High  Aeeuraf^  ,^ 
Micropower  Op  Amp  (2-Quaclrant) 


upon  the  digital  input  code.  The  relationship  between  the 
digital  input  and  the  analog  output  is  shown  in  Table  2.  The 
limiting  parameters  for  the  Vr^f  range  are  the  maximum  input 
voltage  range  of  the  op  amp  or  ±25V,  whichever  is  lowest. 

Gain  error  may  be  trimmed  by  adjusting  R,  as  shown  in 
Figure  9.  The  DAC  register  must  first  be  loaded  with  all  Is.  R, 
may  then  be  adjusted  until  Vout=  ~Vref  (4095/4096).  in  the 
case  of  an  adjustable  Vref,  R-g  and  Rfeedback  "^^V  be  omit- 
ted, Witll  VpigF^eijusted  to  yield  the  desired  full-scale  output. 


FIGURE  9:  UnipoUtt  Ofmt^ion  with  .Fast  Op  Amp  and  Gain 
EnmTrfmmmmSlrimmt)  . 
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In  many  applications  the  PM-7542's  negligible  zero  scale 
error  and  very  low  gain  error  permit  the  elimination  of  the 
trimming  components  (Ri  and  the  external  Rfeedback)  with- 
out adverse  effects  on  circuit  performance. 

TABLE  2:  Unipolar  Code  Table 


DIGITAL  INPUT 

NOMINAL  ANALOG  OUTPUT 
(VouT  Bs  Shown 

MSB 

LSB 

in  Figures  8  ugl  i)J  j 

1111 

1111 

1111 

-Vref 

U096j 

i  1  0  0  0 

0  0  0  0 

0  0  0  1 

-Yref 

C2049\ 
U096/ 

10  0  0 

0  0  0  0 

0  0  0  0 

-Vref 

/2048\  _  Vref 
U096/  2 

0  111 

1  1  VT- 

!-Vref 

f'2047v'^'  j 
^,  4096/ 

0  0  0  0 

0  0  0  0 

0  0  0  1 

-Vref 

[4095) 

  ..  /Q\ 

u  u  u  u 

UUUU  0000 

,  -Vref 

l:.4£!^..•^"3n•JDi 

NOTES: 

1.  Nominal  full  scaFe  for  the  circuits  of  Figures  8  and  9  is  given  by 

2.  Nominai  LSB  magnitude  for  the  circuits  i>f  F%urss  8  antj  9  is  given  by 


■  .  If  i 


BIPOLAR  OPERATION  (4.QUADRANT)  y 

Figure  10  details  a  suggested  circuit  for  bipolsr,:  or  offset 
binary  operation.  Table  S  shows  the  digital  in|!Qt<  to  analog 
output  relationship.  The  circuit  uses  offset  Wnafy  coding. 
Two's  complement  code  can  be  converted  tO'OMft  binary  by 
software  Inversion  of  the  MSB  or  by  the  adslition  of  an 
external  inverterto  tfjf :  MSI  -irjpufe  ;  :  r  ^ 


Resistors  R3,  R4,  and  R5  must  be  selected  to  match  within 
0.01%  and  must  all  be  of  the  same  (preferably  metal  foil)  type 
to  assure  temperature  coefficient  matching.  Mismatching  be- 
tween R3  and  R4  causes.^offset  an^  fMll  s^le  ^ors  while  an 
R5  to  R4  and  R3  mtsma^>  will  r^ili  Kt^lPiOT^  error. 

Cailbr^tlcin  is  performed  by  loading  the  DAC  register  with 
1600  0006  0060  and  adjusting  R,  until  Vout=  OV.  Ri  and  R2 
may  be  omitted,  adjusting  the  ratio  of  R3  to  R4  to  yield  Vqut 
i=  W.  Full  scale  can  be  adjusted  by  loading  the  DAC  register 
vKth  tiPi  t  1111  -till*  ttrtd  '^her  adjustirig  th6  amplitude  of  Vref  | 
or  the  value  of  R5  until  the  desired  Vqut achiev^.  "  ' 

TABLE  3:  Bipolar  (Offset  Binary)  Code  Table 


DIGITAL  INPUT 
MSB  LSB 

NOMINAL  ANALOG  OUTPUT 
(Vqut  as  shown  in  Figure  10) 

+Vbef(2048) 

1000  0000  0001 

+Vref  (2048) 

1000  0000  00. 00 

0 

0111  1111  1111 

0000  0000  0001 

^REF  (2048) 

0000  0000  oeoo 

.,  /2048\ 
-VflEF  (^048j  i 

NOTES: 

1.   Nominal  full  scale  for  the  circuit  of  Figure  10  is  given  by 


{2.  Nominal  LSB  magnitude  for  the  circuit  of  naMpr%flysn  by 
1 


V 

ANALOG 
COMMON 


DATA 
INPUT 


FIGURE  10:  Bipolar  Operation  (4-Quadrant,  Offset  Binary) 


PM-7542 


ANALOG/DIGITAL  DIVISION 

The  transfer  funcition  for  the .  PM-7542  cpnneqted  in  the 
multij^iv^g  mode  as.  shown  in  fjgu(|K,4~  agd Jr^:      ^ .  - 

\  21      22     23  212  / 

where  Ax  assumes  a  value  of  1  for  an  "ON"  bit  and  0  for  an 
"OFF"  bit. 

The  transfer  function  is  modified  when  the  DAG  is  connected 
in  the  feedbacit  of  an  operational  amplifier  as  shown  in 
Figure  11.  It  is  now: 


Vo  = 


'IN 


Ai  ^  Aj^  A3 
22 


21 


23 


+  . 


A12 
212 


The  above  transfer  function  is  the  division  of  an  analog 
voltage  (MnEf)  t>y  3  digital  word.  The  amplifier  goes  to  the 
rails  with  all  bits  "OFF"  since  dlvi^on.by  zerais  iofinity,  With 
all  bits  "ON",  the  gain  is  1  (±1  LSB).  the  gkn  becomd 
with  the  LSB,  bit  12,  "ON".        '  '  "  ' 


4 

11,13 

IB 

14 

1 

3  2 

IS 

12 

c  n  I 


FIGURE  11:  Analog/Digital  Divider 


INTERFACIMG  TO  THE  MC6800 

A  typical  interface  configuration  is  shown  in  Figure  12.  Data 
;  loading  and  transfer  is  performed  by  executing  memory 
I  WRITE  operations  to  the^four  operational  acidresses  specified 
!  by  Ai  and  Aq.  '  ' 

I  "'-.I  i  - 


Addresses  AABB,  AABB+1,  and  AABB+2  are  assigned  to 
load  data  into  the  low,  middle,  and  high  byte  registers,  respec- 
tively. Data  transfer  from  input  to  DAG  registers  is  assigned  to 
address  AABB+3.  Eight  bits  of  the  full  12-bit  data  word  are 
stored  in  memory  location  XXYY.  The  most  significant  data 
bits  occupy  the  lower  four  bits  of  memory  location  XXYY+1. 


ADDRESS  BUS 


FIGURE  12:  imrtaclng  the  PM-7542  to  the  MC6800 


bATA^diPEliAtlbNs''^UM^ 


XXYY 
AABB 


ri-.lh. 


JSR  WWZZ 

WWZZ  PSH  A 

TPA 
PSH  A 
LDA  A 
STA  A 
ROR  A 

ROR  A  '  ■ 
ROR  A      '  -^ 

STA  A  AABB+t 
LDA  A  XXYY+1 

STA  A-  -AABB+2 
S'mA  AABB+3 


,  -  PUL  A 

TAP 
"''*I»UL  A 


.RTS>j'>'''t>3 1 


Jump  to  Data  Op  Routine 
at  WWZZ 

Push  Acc.  A  Onto  Stack 

Push  GGR  Onto  Stack 
Load  Data  to  Acc. 
Load  Low  Byte 
Rotate  Right         ^  " 


Load  Middle  Byte  ' 

Load  Most  Significant  Byte 

to  Acc. 

Load  High  Byte 
transfer  Data  Word 
to  DAG  Register 

Pop  COR  From  Stack 
ftsp  Afcc.  A  From  Stack 
Return  to  Main  Program 
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FEATURES 

Resolution:  12  Bits 

Nonlinaarity:  ±t/2LSB       to  T„„ 

Low  Gain  T.C.:  2p|»n/°C  typ,  5ppm/°C  mw 

Serial  Load  on  Positive  or  Negative  Strobe 

Asynchronous  CLEAR  Input  for  Initialization 

Full  4-Quadrant  Multiplication 

Low  Multiplying  Feedlhrough:  1LSB  max  @  10kHz 

Requires  no  Schottky  Diode  Output  Protection      ..^  »ii>i,« 

Low  Power  Dissipation:  40mW  max 

+5V  Supply 

Small  Size:  16-Pin  DIP  or  20-Terminal  Surface  Mount 
Package 

Low  Cost  '-■.„-.'■,  . 


FUNCt1ft>NAL  BLOCK  DIAGRAM 


GENERAL  DESCRIPTION 

The  AD7543  is  a  precision  12-bit  monolitliic  CMOS  multi*  ^  ' 
plying  DAC  designed  for  serial  interface  applications. 

The  DAC's  logic  drcuit^  consists  of  a  12-bit  serial-in  parallel- 
out  shift  register  (Register  A)  and  a  1 2-bit  DAC  input  register 
(Register  B).  Serial  data  at  the  AD7543  SRI  pin  is  cloclied  into 
Register  A  on  the  leading  or  trailing  edge  (user  selected)  of  the 
Strobe  input.  Once  Register  A  is  full  its  contents  are  load^'fiP 
to  R^Kter  B  under  control  of  the  LOAD  iapiits. 


12-BIT  D/A  CONVERTER 


DAC  REGISTER  B 
LOAD 


K         REGISTER  A 
'  12-BIT  SHI  FT  REGISTER 


Initialization  is  simplified  by  the  use  of  the  CLR  input  which 
provides  an  asynchronous  reset  of  Register  B. 

Packaged  in  16-pin  DIP  and  20-pin  LCCC  and  PLCC,  the 
AD7543  features  excellent  gain  T.C.  (2ppm/°C  typ; 
5ppm/°C  max),  -fSV  operation  and  latch-|^ree  operation.  ' 
(No  p#gj3sc^ott,S€||p|)r|»|o4gs J-eguiied!)''"'^ 


DIP 


PIN  CONFIGURATIONS 
LCCC 


PLCC 


OUT1   [T  •-, 

otm  ^f'-' 

ID 

AGND 

STB1  \T 

543         ID  ^ 

rr  TOP\ 

LL      (Not  to 

NC  ^ 

TTI  STB4 

SRI  [T" 

id]  SiTO 

STB2  [T 

O   O    z  a 


9    10   11    12  13 

.  .t-  I  ^  li  i 


AGND  ^ 
STB1  ^ 


NC 


E 
E 
E 


AD7543 
TOP  VIEW 
(Not  to  ScBl«} 


LiJHIrJlHJbil 

NC=  NO  CONNECT 


ID  ^ 

is]  DGNO 
u|  STB4 


■«A'«»  ^      to  »85'C 


k  4-125*0  Uaill 


GMitfdnM/GBBiinciiti 


ResohitioD 

12 

11 

12 

Bin 

LSBinu 

j,  A,  S  Vej«ipwi. 

.__ 

_a  . 

±1 

K.  B,  T  VetsioRS 

±t/2 

tl/2 

±1/2 

LSB  max 

GK.  GB,  GT  Venioiu 

11/2 

iin 

±1/2 

LSBmw 

DiffcTQitul  NonUiicuity' 

J.  A,  S  Vetaom 

12 

12 

±2 

LSB  max 

IT    D    T  irBiBiiim 

K,  B,  1  vernoiis 

±1 

LSBnax 

GK,  G&t  GT  VernOM 

11 

max 

Giin  Error' 

xl2-3  1 

J,  K,  A,  B,  S,  T 

±13.5 

*  Ji 

GK,  GB,  GT  n 

—  -±l  —  - 

■■•  ±2i- 

LSB  max 

GaiBTcovcnniic  Goeffieien 
AGl^ATcniperatuiv 

t 

5 

1  $ 

ppm/"Gn 

Power  Supply  Rejection 

AGain/AVop 

0.01 

%pcr  %R 

Output  Leakage  Cuifieiic' 

r 

louTl  (Pin  *) 

1 

,10 

200 

nA  max 

l0UT2  <Kn  5) 

1 

10  ( . 

200 

nAmax 

Moaoank  to  11  bin  Inn  T|BjB  to^l^ 
Uiiiw  imeniflim  anly(|aW  aMifkaie>-'^  '  " 


Typtcil  value  is  2ppni/' C 

Vdd-*»«V»  ♦5.25V 

/.«/.>       .  ' 
DAC  Rf^itler  loidcd  wtdi  all  OS 
DAC  RcgisBcr  toiJcd  whh  ill  Is 


DYNAMIC  PERFORMANCE 

Current  Settling  Time'  2.0 

Multiplying  Fecdthioiigh  Error'  2.5 


fis  max  To  1/2LSB.  OUTl  Load  =  lOOH.  DAC  output  measured  from  falling 

edge  of  LDl  and  LD2,  see  Figure  5. 
mVp.pmax  Vref  •  HOV.  lOkHz  sine  wave 


ttFwiiiaEimuT 

Input  iCnbtince  <pk  IS) 


kS2mia/lyp/max      Typical  tcmpcraturt 


ANALOG  OUTPUTS 
Output  Capacitance 
CoUTl 
CoUTl' 
CouT2 
C0UT2' 


75 
2tO 
75 
260 


75 
2«0 
75 
2«0 


75  pF  max  Register  B  loaded  to  0000  0000  0000 

260  pF  max  Register  B  loaded  to  1 1 1 1  1 1 1 1  1 1 1 1 

75  pF  max  Register  B  loaded  10  1 1 11  1 1 1 1  1 1 1 1 

260  pfmax  Register  B  loaded  to  0000  0000  0000 


LOGIC  INPUTS  , 
V|NH  (I^e  HIGH  VolfiiR) 
ViNL  (Logie  LOW  V^hi^^  ' 
'in'  ,  ■ 

C|N  (Input  Capacitance)^ 
InputCodiDg 


43.0 
+0* 

1  ,, 


♦J.o 

40.8 
1 

.8 


♦  3.0 
♦0.8 


12-Bii  Unipolar  iHnaiy  or  12-Bit  Offset 
Binary  (see  Figure*  6  and  7),  serial  load 
(MSB  First) 


Vllflfi 
Vmax 

MA  max 
pF  max 


SWITCHING  CHARACTERISTICS' 
<DSl 
tDS4 
•DSS 
tDS2 


tDHl 
tDH4 
>I>H3 
tDH2 

tSRI 
tSTBJ 


tLDl.  CLDi 
tASB 

tCLR 


30 
80 
■0 
60 

80 

80 

100 

100 

■0 

ISO 

0 

200 


100 


60 
160 
160 
120 

160 
'»t60 
.  200 
200 
1«0 
300 
0 

400 


too 

0 
0 
40 

60  . 
160' 
160 

120 

160 
160 
200 
200 
160 

^'  '300 


,, 

♦.  iis  n&in 
lumin 
nsmin 

nsmin 
ns  min 
ns  min 
nsmin 
\  ''.■HJIlini 


(c     ,  ,        V        STBl  used  as  a  strobe 
^         /         STB2  used  as  a  strobe 
STBl  UKdMAM^efw 


STB4  used  as  a  s^tobe 
STB5  used  as  a  stroibc 


(Serial  Input  \ 
to  Strobe  J 
Hold  Time  /  .  . 

'         STB2  uied  as  ■  strtAe 

SR]  data  pulse  width 
STBl  pulse  width 
STB4  pulse  width 
STBS  pulic  width 

STB2  pulse  width  -  - 

Load  pulse  width  . 

Min  time  between  strobing  LSB  into  Re;^|(pr  A  and  loading  Rt^stA'  I 
CLR  pulse  width 


roWER  SUPPLY 

VbD<SHPVfyVolc«Be) 
■OD  (Sppplir  OBncnt) 


+5 

2.5 


+5 
2.5 


+5 
2.5 


|A«iax 


E%ial  Inpuia-  VwH  or  Vnn, 


mgea  as  fbOowa:  JN.  KN,  GKN  Version;  -40%  n  +gS% 
AQ.BQ,GBQ  Vcnioaa:  ^tmm 
SQ,  TQ,  GiQ  VciiiaaK  -WS-^^W^ 
^See  Tenninology  on  fbUowing  pige. 

^Guamtteed  but  not  tested. 

*Logic  inputs  arc  MOS  gates.  Typical  input  current  (+25^^  ii  fast  than  IqA- 
^Sample  t«icd  at  +2S°C  to  cnsiuv  cGmpliaoce. 
^wdfiaaknt  nibiea  to  diaiise  widuut  notice. 
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(Tap-  +25X;iii|)cw>»l,ini»if^jlijgj[j^. ,  :      .  ,, 

Vdd  to  AGND  .  .  ,  .  ..........  ;    .    .   OV,  +7V 

VoDtoDGND   OV,  +7V 

AGND  to  DGND  Vdd  +0.3V 

DGNDtoAGND  Vdd  +0.3V 

Digital  Input  Voltage  to  DGND    ....    -0.3V,  Vdd  +0.3V 

VouTi,  Votm  to  AGND  -0.3V,  Vdd  to  +  0.3V 

Vref  to  AGND  ±25V 

VrfbIoAGND  ±25V 

Power  Diss^aiiailCRKlcage) 
Plastic 

To  +70°C   670mW 

Derates  above  +70°Cby  8.3inW/°C 

Cerdip 

To  +75°C  4S0mW 

Derates  above  +75°C  by  '  6mW/°C 

Operating  Temperature  Range 

Commercial  Q,  K,  GK  Versions)   -40°C  to  +85°C 

Industrial  (A,  B,  GB  Versions)   -40°C  to  +85°C 

Extended  (S,  T,  GT  Venians)  -  55°C  to  +  125°C 

Storage  Tempeiatiire  -6S°C  to +1S0°C 

Lead TenipentDie  (SoideiiDg,  lOsecs)   +300°C 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
pennanent  damage  to  the  device.  This  is  a  stress  rating  only  and  timctional 
Qperation  of  the  device  at  these  or  any  odier  conditions  above  du»e 
above  thoae  indiraird  in  the  openticail  sectioos  cf  iMa  qiecification 
it  not  iiqilied.  E^qxM^ie  to  sbaohux  maaimimi  laiiiig  conditimii  for 

GKmUDIl  nrHBTiWIIMT  ■DBEEcIBvIOB  SBHBhEw. 

CAUTION  


AD7543 


ORDERING  GUIDE 


Gain 

Package 

Rimge  

AccuTflcy 

Error 

Option^ 

AD7S43JN 

-40°Clio+85°C 

±1LSB 

±  12.3LSB 

N-16 

AD7543KN 

-40°Clo+85°C 

±  1/2LSB 

±  12.3LSB 

N-16 

AD7543GKN 

-40°Cto+85'C 

±  1/2LSB 

±1LSB 

N-16 

AD7543JP 

-40°Cto+85°C 

+  1LSB 

±  12.3LSB 

P-20A 

AD7543KP 

-40°Cto  +85''C 

±  1/2LSB 

±12.3LSB 

P-20A 

AD7543GKP 

-40°Cto  +85°C 

±  1/2LSB 

+  1LSB 

P-20A 

AD7543JR 

-40°Cto  +85°C 

±1LSB 

±12.3LSB 

R-16 

AD7543KR 

-40°Cto  +85°C 

±  1/2LSB 

±12.3LSB 

R-16 

AD7543GKR 

-40°Cto  +85°C 

±  1/2LSB 

±1LSB 

R-16 

AD7543AQ 

-40°Cto  +85°C 

±1LSB 

±12.3LSB 

Q-16 

AD7543BQ 

-40°Cto+85°C 

±  1/2LSB 

±  12.3LSB 

Q-16 

AD7543GBQ 

-40°Cto+85»C 

±  1/2LSB 

±  ILSB 

Q-16 

AD7543SQ 

-55'Cto  +  125'C 

+  1LSB 

+  I2.3LSB 

Q-16 

AD7543TQ 

-S5Xto+t25">C 

+  1/2LSB 

±I2.3LSB 

Q-16 

AD7543GTQ 

-55°Cto  +  125°C 

±1/2LSB 

±1LSB 

Q>t6 

AD7543SE 

-55°Cto  +  I25°C 

±1LSB 

±  12.3LSB 

E-20A 

AD7543TE 

-SSXto  +125°C 

±  1/2LSB 

±12.3LSB 

E-20A 

AD7543GTE 

-55°Cto  +  125°C 

±  1/2LSB 

:tlLSB 

E-20A 

1-  .■T.ij^ti 

t«  -  ■ 

*E  -  LeacHessCeramicChipCamer(LCCO;N=Pla»li6DiP;P  = 
Chip  Carrier  I.PLCC);  Q  =  Cerdip^R  =  Small  OntlmKCSQIC).  For  ouDilK 
information  see  Package  Information  section.  ,  tH^j.-^-  ^ 


7i»tufn  ii<J-r  ■ 


BSD  (electrostatic  discharge)  sensitive  device.  The  digital  conirol  inputs  are  diode  protect- 
ed; however,  permanent  damage  may  occur  on  imcoimected  devices  subject  to  high  energy 
electrosutic  fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective 
foam  Aould  be  dischfuged  w^  destination  socket  before  (ievitxs  are  removed^  £'  ' 


PIN 

MNEMONIC 

FUNCTION 

1 

OUTl 

DAC  current  output  bus.  Noimally  terminated  at  op  amp  virtual  ground 

2 

OUT2 

DAC  current  output  bus.  Normally  teiminated  at  AGND 

3 

AGND 

Analog  Ground 

4 

STBl 

Register  A  Strobe  1  input,  see  Table  11 

5 

LDl 

DAC  Register  B  Load  1  input.  When  LDl  and  LD2  go  low  the  contents 

of  Register  A  ate  loaded  into  DAC  Register  B 

6 

N/C 

No  Connection 

7 

SRI 

Serial  Data  Input  to  Register  A 

8 

STB2 

Register  A  Strobe  2  input,  see  Table  11 

9 

LD2 

DAC  Register  B  Load.  2  input.  When  LDl  and  LD2  go  low  the  contents 

of  Register  A  are  loatled  into  DAC  Register  B  - 

10 

STB3 

Register  A  Strobe  3  input,  see  Table  II 

11 

STB4 

Register  A  Strobe  4  input,  see  Table  II        •  •  - 

12 

DGND 

Digital  Ground 

li 

CLR 

Register  B  CLEAR  input  (active  LOW),  can>betnseiitO^£yli^tteiioWd)t-. 

reset  Register  B  to  0000  0000  0000 

14 

Vdd 

+5V  Supply  Input 

15 

Vref 

Reference  input.  Can  be  positive  or  negative  dc  voltage  or  ac  signal 

16 

Rfb 

DAC  Feedback  Resistor  ' 
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;AD7543 

TERMINOLOGY 

RELATIVE  ACCURACY 

Relative  accuracy  or  endpoint  nonlinearity  is  a  measure  of  the 
maximum  deviation  from  a  straight  line  passing  through  the 
endpoints  of  the  DAC  transfer  function.  It  is  measured  after 
adjusting  for  ideal  zero  and  full  scale  and  is  expresseifUi  %  or 
ppm  of  full-scale  range  or  (sub)  multiples  of  ILSB. 

Differential  nonlinearity  is  the  difference  between  the  mea- 
sured change  and  the  ideal  1  LSB  change  between  any  two 
adjacent  codes.  A  specified  differential  nonlinearity  of  ±1 
LSB  mix  ovei'  the  operating  temperature  range  ensures 
monotoiiicity. 

GAJNCRKPR 

Gaints  dpfinedt^s  die  qt^aof  tfap  Su$>^^i«|l(j$Ci#;^gtpi»t  c 
to  itsricf^Taice  iiipat<«a^^tgK  ^  i/i(fi  A9t^H9  w^nl^jsdiiUt 
a  gaia^,-4QaS/4096.  fl^«r«^3l^ii«wHe4is4g  ScteMal 
trims  is  ihowA  irt  F^<»  S  imd  T.^''  '  "  ~ 

OUTPUT  LEAKAGE  CURRENT 

Current  which  appears  at  OUTl  with  Register  B  loaded  to  all 
(&.or  at.OUX2.«ntJuItegistsr  B  loaded  to  aU  1^ 

MULTIPLYING  FECMKRO^VfiH  PIROR 

AC  errwdue  to  eapitcMw^<S#dtfiro^  from  Vt^^f!  terminal 

to  OUTl  with  DAC  re^ster  loided  to  all  O's.  ' 


GENESAL  CIRCUIT  DtFOSMA-nON 
The  AD7543,  a  12-bit  multiplying  D/A  converter,  consists  of 
a  highly  stable  thin  film  R-2R  ladder  and  twehre  N-channci 
current  switches  on  a  monolithic  chip.  Most  applications 
require  the  addition  of  only  an  output  operational  amplifier 
and  a  voltage  or  current  reference. 

'Tbe  ^iiplified  P/A  circuit  is  shown  in  Figure  1.  An  inverted 
r^^t'^M^lx^^rf  Jj^tl^Wf  tliM  is,  the  binarily  wetted 
""StfeaSSSw^i^^  teft^fthe  0UT1  aiid0UT2-bus4ines, 
thus  maintaining  a  constant  current  in  each  ladder  leg  indepen- 
dent of  the  switch  state. 


by'a  iSetaiee  voltage  or  a  reference  current,  ac  or  dc,  of 
posiove  or  negative  polarity.  If  a  current  source  is  used,  a 
low  temperature  coefficient  external  Rps  is  recommended  to 
define  scale  factor. 


TO  LADDER 


FROM 
INTERFACE 
LOGIC 


p 


OUTl 


Figure  2.  N-Channel  Current  Steerirnt  Smteh 

EQUIVALENT  CIRCUIT  ANALYSIS 
The  equivalent  circuits  for  all  digital  inputs  LOW  and  all 
digital  inputs  HIGH  are  shown  in  Figures  3  and  4.  In  Figure 
3  with  all  digital  inputs  LOW,  the  reference  current  is  switched 
to  OUT2.  The  current  source  Ileakage  is  composed  of  sur- 
face and  junction  leakages  to  the  substrate,  while  the  1/4096 
current  source  represents  a  constant  1  least  significant  bit  cur- 
rent drain  through  the  termination  resistor  on  the  R-2R  ladder. 
The  "ON"  capacitance  of  the  output  N-channel  switch  is 
260pF,  as  shown  on  the  OUT2  terminal.  The  "OFF"  switch 
capacitance  is  75pF,  as  shown  on  the  OUTl  terminal.  Analysis 
of  the  circuit  for  all  digital  inputs  HIGH,  as  shown  in  Figure 
4,  is  similar  to  Figure  3;  however,  the  "ON"  switches  are  now 
on  terminal  OUTl,  hence  the  260pF  at  that  terminal. 


-O.flUTI 


)  Ileakage  -p75pF 


R«15k 
VreFO— VW 


-vyv — ♦  ♦  ■  

Jmf-  i  @  'W>9e     I  0  'leakage  _.280pF 


-O0UT2 


VrefO- 


Figure  3:'M7S43  DAC  Ee/uhmlent  Circuit 
All  DlgltU  Ihputs  LOW 


DAC  REGISTER  B 


R«1Ek 
VrefO— VW 


II  ailiaT  «9£ ,] 


One  of  the  current  swis^^  »^own  in  Fj^re  2,  The  input' 
resistaiice  at  Vrbp  (Pigitie  2}  i«  always  equal  to  RlDr 
(Rldr  b  the  R/2R'farideriefanactaistiri«iistaraBer  tndis 
equal  to  value  "R").  The  reference  teiBiviat<^^-t|S  dliwen 


■O  RfB 


O0UT1 


O0UT2 


— ngut»4.  TMtfS^-DAC  EquivakntXircuit 
V.  AHMlMiapvts  HIGH 
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Applicatioiis--ftD7543 


AD7543  Logic 

Inputs 

Register  A  Control  Inp 

LItS 

Register  B  Control  Inputs 

A      (A  1           -  *                  ~        ^  ■ .   

uperaoon  ^ 

1 

Notei 

STB4  STB3 

STB2 

STBl 

CLR 

LD2 

LDl 

0  1 

0 

J" 

X 

X 

X 

Da:a  Appearing  Ac  SRI  Strobed  Into  Register  A 

2,3 

0  1 

jr 

0 

X 

X 

X 

Da5:a  Appearing  At  SRI  Strobed  Into  Register  A 

2,3 

0  T_ 

0 

0 

X 

X 

X 

Data  Appearing  At  SRI  Strobed  Into  Register  A 

2,3 

J-  1 

0 

0 

-X 

— XJ  , 

X 

Data  Appealing  Ac  SRI  Strobed  Into  Rq^iier  A 

2,3 

1  X 

X 

X 

X  0 

X 

X 

No  Operation  (Register  A) 

X  X 

t  =■ 

X 

3 

X  X 

X 

1 

0 

X 

X 

Clear  Register  B  To  Cixie  0000  0000  0000  (Aajmchtonous  Oneracion) 

1.3 

1 

1 

X 

No  Operation  (Registet  B) 

1 

X 

1 

3 

1 

0 

0 

Load  Register  B  With  The  Contents  Of  Register  A 

3 

NOTES: 

1 .  CLR  =  0  Asynchrooously  resets  RegisKr  B  in  CXXM  0000  0000,  but  has  no  effect  on  Register  A. 

2.  Serial  data  is  (oMled  into  Register  A  MSB  fim,  on  edges  shown^is  positive  cdge'^Us  negative  edge. 


1 000 
oooi- 


3C 


tel .  tDS2 .  tDS4  «^ 
STROBE  INPUT  | 
|CTBt,STB2.STB4|  , 
(NiBtE)   


BIT 

MSB 


tOHl ,  tOH2,  tDH4 


tSTBI 
tSTB2 
<STB« 


LD1AND  LD2 


NOTE: 

SQIQBE  WAVEFORM  IS  INVERTED  IF 
'  WB^IS4JSED10 STROBE  SERIAL  DATA 
BITS  INTO  REGISTER  A. 


-  LOADING  REGISTER  A- 
 *f  


LOADING  REGISTER  B  ^ 
WITH  CONTENTS  OF  REGISTER  A 


r 


INTERFACE  LOGIC  INFORMATION 
Shown  in  the  AD8543  Functional  Pugiam  Raster  A  is  a  12- 
bit  shift  roister.  Serial  data  appearing  at  pin  SRI  is  clocked 
into  the  shift  register  on  the  leading  (rising)  edge  of  STBl, 
STB2  or  STB4  or  on  the  leading  (falling)  edge  of  STB3.  Table 
II  defines  the  various  logic  states  required  on  the  Roister  A 
control  inputs,  while  Figure  $  iUast^stes  the  tLep^ttft  A , 
loading  sequence.  '  i  ^. 

Once  Register  A  is  fuU,  the  <tat»jis  tra»rifeti»d  to  Re^aMc  B  : 
by  bringing  LDl  and  LD2  momentarily  LOW. 
Rqpster  B  can  be  asynchronoudy  reset  to  0000  0000  0000 
by  bringing  CLR  momentarily  LOW.  This  allows  the  DAC 
output  voltage  to  be  set  to  a  known  condition,  thus  simplify- 
ing system  initialization  procedure.  When  operating  the 
AD7543  in  the  unipolar  circuit  of  Figure  6,  a  CLEAR  causes 
the  DAC  output  voltage  to  equal  OV.  When  using  the  bipolar 
circuit  of  Figure  7,  a  CLEAR  causes  die  DAC  output  to  equal 

•!y>si;.i-j>-:  aid  lu  isdffivn 


Figures.  Timing  Diagram 

APPLYING  THE  AD7543 


UNIPOLAR  BINARY  OPERATION 
(2-QUADRANT  MULTIPLICATION) 

Figure  6  shows  the  analog  circuit  connections  required  for  uni- 
polar binary  (2-quadrant  multipUcation)  operation.  The  logic 
inputs  are  omitted  for  clarity.  With  a  dc  reference  voltage  or 
current  (positive  or  negative  polarity)  applied  at  pin  15,  the 
circuit  is  a  unipolar  D/A  converter.  With  an  ac  reference  volt- 
age or  current  (again  of  +  or  -  polarity)  the  circuit  provides 
2-quadrant  multiplication  (digitally  controlled  attenuation). 
The  input/output  relationship  is  shown  in  Table  III. 
Rl  provides  full  scale  trim  capability  [i.e.— load  the  DAC 
register  to  1111  1111  1111,  adjust  Rl  forVouT  =  "Vref 
(4095/4096)1 .  Alternatively,  Full  Scale  can  be  adjusted  by 
omitting  Rl  and  R2  and  trimming  the  reference  voltage 
magnitude.,  n.joj..' 
CI  phase  compensation  (lOpF  to  25pF)  may  be  required  ft»r 
stability  when  using  high  speed  amplifiers.  (CI  is  used  to  etor 
eel  the  pole  formed  by  the  DAC  internal  feedback  resistance 
and  output  capaciumce  at  OUTl). 
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CI  ^  22pF 
,  0UT1 


Ill- 


DGND  AGND 


h-\  


NOTES 

1.  LOGIC  INPUTS  OMITTED  FOR  CLARITY. 

2.  SEE  APPLICATION  HINT  NO.  4. 


NOTES 

1.  LOOIC  INPUTS  OMITTED  FOR  CLARITY. 

2.  SEE  AFPLWATION  HINT  N0.4. 


F^un  6.  Unipo/ar  Binary  Operation  (2-Quadrant 
IMtipHeation^  r  .1. 


FiKSf  l-^^>^J?SfM'P''  (^Quadrant  Multiplication) 


BINARY  NUMBER  IN 

DAC  REGISTER 

MSB  LSB 


IIH  1111  1111 
1000  0000  0000 
0000  0000  0001 
0000  0000  QOOO^ 


ANALOG  OUTPUT,  Vqut 


"^REf(|^) 
-Vref(4^) 


BmARY  NUMBER  IN 
DAC  REGISTER 
^B  LSB 


-OV- 


1111  1111  1111 

1000  0000  0001 
1000  0000  0000 


-ron  i  11 J I  1111 


.  .  ..  Qtc»9t«i  oooi,.ooiift- 


ANALOG  OUTPUT,  Vqut 


+Vref(|§||-) 


OV 


-Vref(I^) 


Table  III.  Unipolar  Birmry  Cbde  Table  forJSrcultpf  Figure  6 


Amplifier  Al  should  be  selected  or  trimmed  to  provide 
Vos  <  10%  of  the  ^tiige  Rotation  at  Vqut-  AdditioiiaUy, 
the  amplifier  shoula  exhibit  ainas  current  which  is  low  over 
the  temperature  range  of  interest  (bias  current  causes  output 
offset  at  Vqux  equal  to  Ib  times  the  DAC  feedback  resistance, 
iKBninally  ISkfl).  The  AOS44L  is  a  high-speed  implanted 
FET-input  op  amp  with  low,  factoty-trimmed  Vqs- 

BIPOLAR  OPERATION 
(4-QUADRAI(T  MULTSPLICATION) 
Figure  7  and  Table  IV  iOustrate  the  circuitry  and  code  rela- 
tionship for  bipolar  operation.  With  a  dc  reference  (positive  or 
n^ative  polarity)  the  circuit  provides  offset  binary  operation. 
With  an  ac  reference,  the  eleven  LSBs  provide  digitally  con- 
trolled attenuation  of  the  ac  reference  while  the  MSB  pro- 
vides polarity  control. 

With  the  DAC  register  loaded  to  1000  0000  0000,  adjust  Rl 
for  Vovrr  =  OV  (alternatively,  one  can  omit  Rl  and  R2  and 
adjust  the  ratio  of  R3  to  R4  for  Vqut  =  OV).  Full  scale  trim- 
ming can  be  accomplished  by  adjusting  the  amplitude  of  Vkef 
or  by  varying  the  value  of  RS. 

As  in  uitipolar  operation,  Al  must  be  chosen  for  low  Vqs  and 
low  Ib'  R3,  R4  and  R5  must  be  selected  for  matching  and 
tracking.  Mismatch  of  2R3  to  R4  causes  both  offset  and  Full 
Scale  error.  Mismatch  of  R5  to  R4  to  2R3  causes  Full  Scale 
error.  CI  phase  compensation  (lOpF  to  2SpF)  may  be  re- 
quired for  stabiligr. 


table  /K  B^larCodb.Table  for  Of^t  Binary  Circuit  of 
Figure? 


APPUCATioN  HDrrs 

The  AD7543  is  *  precision  12-bit  multiplying  DAC  designed 

for  serial  interface.  Ti^ji^i^. system  perfonaance  consent 
with  AD7543  speci^n^M)'  caiefiil  attelltibn  must  be  given  to 

the  following  points: 

1.  GENERAL  GROUND  MANAGEMENT:  Voltage  differen- 
ces between  the  AD7543  AGND  and  DGND  cause  loss  of 
accuracy  (de  voltage  difference  between  the  grounds  intro- 
duces gain  error.  AC  or  transient  voltages  between  the 
grounds  cause  noise  injection  into  the  analog  output).  The 
simplest  method  of  ensuring  that  voltages  at  AGND  and 
DGND  are  equal  is  to  tie  AGND  and  DGND  together  at  the 
AD7543.  In  more  complex  systems  where  the  AGND- 
DGND  connection  is  on  the  back-plane,  it  is  recommended 
that  diodes  be  connected  back-to-back  between  the  AD754J 
AGND  and  DGND  pins  to  prevent  possible  device  damage. 

2.  OUTPUT  AMPLIFIER  OFFSET:  CMOS  DACs  exhibit  a 
code-dependent  output  resistance  which  in  turn  causes  a 
code-dependent  amplifier  noise  gain.  The  effect  is  a  differ- 
ential nonlinearity  term  at  the  amplifier  output  which  de- 
pends on  Vqs  (Vqs  is  amplifier  input  offset  voltage).  This 
differential  nonlinearity  term  adds  to  the  R/2R  differential 
nonlinearity.  To  maintain  monotonic  operation,  it  is  rec- 
ommended that  amplifier  Vqs  be  no  greater  than  10%  of 
the  DAC's  output  resolution  over  the  temperature  range  of 
interest  [output  resohiiion  =  Vref  2""  where  n  is  the  . 
number  of  bits  exeicisedl . 
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3.  HIGH  FREQUENCY  CONSIDERATIONS:  AD7543  out- 
put capacitance  works  in  conjunction  with  the  amplifier 
feedback  resistance  to  add  a  pole  to  the  open  loop  response. 
This  not  only  reduces  closed  loop  bandwidth,  but  can  also 
cause  ringing  or  oscillation  if  the  spurious  pole  frequency  is 
less  than  the  amplifier's  OdB  crossover  frequency.  Stability 
can  be  restored  by  adding  a  phase  compensation  capacitor 
in  parallel  with  the  feedback  resistor. 

4.  GAIN  TEMPERATURE  COEFFICIENTS:  The  gain  temper- 
ature coefficient  of  the  AD7543  has  a  maximum  value  of 
Sppm/°C  and  a  typical  value  of  2ppm/°C.  This  corresponds 
to  gain  shifts  of  2.0LSBS  and  0.82LSBs  respectively  Otet'M 
100°C  temperature  range.  When  trim  resistors  are  used  to 
adjust  full-scale  range  as  shown  in  Figures  6  and  7  the 
temperature  coefficient  of  Rl  and  R2  should  be  taken 
into  account.  It  may  be  shown  that  the  additional  gain 
temperature  coefficients  introduced  by  Rl  and  R2  may 

be  approximately  expressed  as  follows:  — 


Temperature  Coefficient 
contribution  due  to  Rl 

Temperature  Coefficient 
contribution  due  to  R2 


Rl 
R2_ 


(Tl  +  300) 


(72  +  300) 


Where  fi  and  72      the  temperature  coefficients  in  ppm/°C 
of  Rl  and  R2  respectively  and  Rjn  is  the  DAC  input  resist- 
ance at  the  Vref  terminal  (pin  2).  For  high  quality  wire- 
wound  resistors  and  trimming  potentiometers  y  is  of  the  order 
of  50ppm/°C.  It  will  be  seen  that  if  Rl  and  R2  are  small  com- 
pared with  RiN,  their  contribution  to  gain  terapeo.ture  coef- 
ficient will  also  be  small.  For  the  standard  AD7543  gain  error 
specification  of  ±  1 2. 3  LSBs  it  is  recommended  that  R 1  =  120n 
and  R2  =  6on.  With  7=50  these  values  result  in  an  overall 
maximum  gain  error  tenperatuEe  coefficient  of ; 

5  +^  If®!*  300)  =  8ppin/°C 

However,  if  the  AD7543GTD  is  used  which  has  a  specified 
gain  error  of  ±1LSB,  then  with  Rl  =  lOSl  and  R2  =  5fJ  the 
overall  maximum  gain  temperature  coefficient  is  increased  by 
only  0.25ppm/°C.  Where  possible  Rl  should  be  a  select  on 
ttst  fixed  resistor  since  the  resulting  gain  temperature  coeffi- 
efficient  will  be  tighter  in  all  cases.  For  further  gain  T.C. 
information  refer  to  application  note,  "Gain  Error  and 
Gain  Temperature  Coefficients  of  CMOS  Multiplying  DACs", 
Publication  Number  E630— 10— 6/81  available  from  Analog 
Devices. 

5.  For  additional  information  on  multiplying  DACS  refer 
to  "Application  Guide  to  CMOS  Multiplying  D/A  Con- 
verters", Publication  Number  G479-15-8/78,  availa,ble 
from  Analog  Devices. 


AD7543  INTERFACE  TO  MC6800 
In  this  example,  it  is  assumed  that  the  12-bit  data  is  con- 
tained in  two  memory  locations  (0000  and  0001).  The  four 
most  s^ificant  bits  are  assumed  to  occupy  the  lower  half  of 
memory  location  0000.  The  eight  least  signiflcant  bits  occupy 
memory  location  0001.  The  data  is  presented  bit  by  bit  on  the 
D7  line  and  strobed  into  the  AD7543  by  executing  memory 
write  instructions.  In  this  case  the  strobe  signal  (STBl)  is  sup- 
plied by  decoding  address  2000,  R/W  and  02'  A  memory  write 
instruction  to  a  different  address  (4000)  lo^s  the  data  from 
Register  A  to  the  DAC  register. 

Figure  8  shows  the  interface  circuitry  and  Table  V  gives  a 
Ustiiq^.pf,^e  procedure.         -  ^uma- 


E3  SZ05 


SRI  LD2  STB1 


LD1  AD7543 

STB2 

STB4  CLR 


FROM  ^rSTEM  RESET - 


MNEMONIC 

OPERAND 

LDA 

B,04 

LDA 

A.CXXIO 

Load  4  Most  Significant  Bits 

ROL 

A 

Reposition  in  the  Data 

DEC 

B 

in  ACC  A 

BNE 

LOOP 

LDA 

B,04 

BSR 

SHIFT 

Output  Dau 

LDA 

B,  08 

LDA 

A,  0001 

Load  8  Least  Significant  Bits 

BSR 

SHIFT 

Output  Data 

STA 

A,4oeo 

Load  DAC  Register 

RTS 

Return  to  Main  Program 

STA 

AJOOO 

Strobe  Data 

ROL 

A 

into  AD7543 

DEC 

B 

BNE 

SHIFT 

RTS 

Table  V.  Sample  Routine  for  AD7S43-MC6800  Interface 


AD7543  INTERFACE  TO  MCS-85 

Figure  9  shows  the  AD7543  interfaced  to  the  8085.  This  sys- 
tem makes  use  of  the  serial  output  facility  (SOD)  on  the  8085. 

The  data  is  presented  serially  on  the  SOD  line  and  strolled 
into  the  AD7543  by  executing  memory  write  instructions. 
In  this  example  the  strobe  signal  (STB2)  is  supplied  by  decod- 
ing address  8000  and  WR.  A  memory  write  instruction  to  a 
dMereat  tMi&s  (AOOO)  I<Hi#     WNCWf^M.  with  R^ter 


f'EV.  A 


AD7543 


-A  data.  Table  VI  gives  a  listing  of  this  procedure.  Note,  it  is 
assumed  that  the  required  serial  data  is  already  present  in 
right-justified  format  in  Registers  H  and  L  when  this  proce- 
dure is  implemented,  I4p^  that  the  $appl«  io,u|juie  of  T4>le.  VI 
can  be  speeded  upi  by  leplacmg SHIFT  routine  witbta-.  :  ' 
DAD  H  instruction.  .,- 


OPERAND  COMMENT 


J 


8212 


3^ 


^  DATA* 


SRI  U«  *rm 
STB3 

STB1  AD7543 
STB4 
L01 


MVi 

B,  OS 

■1         Shift  Data  Up  to 

CALL 

SHIFT 

1         Most  Significant 

DCR 

B 

1         Segment  of  HL  with 

•  JN*  ■ 

tOOP- 

LW  ■ 

.  MVI. 
,KAtl  , 

.*,80 

SOD  Enable  in  ACC 
Shift  in  MSB  at  H 

■  '''-'L  T- 

'  sai 

Set  InURupt  Mask 
Snofae  Data  into  A0754'3 

CALL 

smtr 

Get  Next  Kt  into  Cariy 

-. -r  , 

DCR 

B 

JNZ 

LUP 

Go  Back  if  Not  Finished 

STA 

AOOO 

Load  DAC  Register  of  A07543 

■^J  ■ 

Return  to  Main  Program 

SHIFT 

■  ■■tKW 
RAL 

A,  L  - 

Shift  H  and  L  Left 
One  Place  and 

MOV 

L,  A 

Leave  Uppermost  Bit 

MOV 

A,H 

of  H  in  Cany  ^ 

RAL 

MOV 

■•■•^  WA  - 

-     ■  -1                   -      ...i.  r. 

RET 

Table  VI.  Sample  Routine  for  AD7543-8085  Interface 
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figure  9,  AH7S49-aOBS  Interface 


.  3  (..,.1  ! 


■  :.\  !.  -/s.-. 


jr.  Ir 


MLi 
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12-Bit  Serial  Input 
Multiplying  CMOS  D/A  Converter 


PM-7543 


FEATUf^ 

i^st  Flexible  McfopfbcaiBiflSttfiMSg^iai^WM  Pitti 
■■  ■  "nP"* 

•  Superior  Accuracy  ' 

±1/2LSBINLMax   

±1  LSB  Gain  Error  Max 
Low5ppm/°CMaxTenipco     .      .  1'^ 

•  Ijnprpyed  ESD  Resistance    _  _  ^_ 

•  Auto-insertable DIP Paeicage  -  .^c 

•  Surface  Mount  SOL  Package 

•  Superior  Direct  Replacement  for  AD7543 

•  -40°c  to  +85°c  for  tbeJE^iidBd  Iii<^u^r1|al  Tginpfiratura 
Range  < 

•  Available  In  Die  Form 

APPLICATIONS 

•  Process  Control  and  Industrial  Automation 

•  Programmable  Amplifiers 

•  Digitally-Controlled  Power  Stipplles,  Attenuators,  Filters 

•  Instrumentation  c  ,  /»*.  ,..,  :,  ,    ,  ,..  d  Ti>  ,( 

•  Avionics 


-URDEMNGrniFORUATIONt 


■  3  r.' 

TEMPERATURE  RANGE 

NON* 

EXTENDED" 

ERROR 

UNEARfTY 

MILrTARY* 

INDUSTRIAL  COMMERaAL 

.filLSB 

±i/a.sB 

PM7543AQ 

FM7S43EQ 

12tSB 

±1/2LSB  - 

PM7S436P 

12LSB 

±1LSB 

PM7543BQ 

PM7543FQ 

iSLSB 

±1LSB 

PM75438RC/8S3 

PM7543FP 

±2LSB 

±1LSB 

PM7543FS 

±2LSB 

±1LSB 

PM7543FPC 

*    For  devices  processed  in  total  compliance  to  MtL-STD-883,  add  /8e3  after  part 

number.  Consult  factory  lor  /683  data  sheet 
^    Burn-In  Is  available  on  commercial  and  Industrial  temperature  range  parts  In 

CerDtP,  plastic  DIP,  and  TO-can  packages. 

For  availability  and  burn-in  information  on  SO  and  PLCC  packages,  eott^ 
your  local  sales  office, 
m-  CerOIP  amd  epoxy  devices  are  avcdl<Slie  in1M%1(irnde<rin3ustflal  titnpera-~ 
ture  range  of  -WC  to  ■tBS'C. 


CROSS  REFERENCE 


PMI 

ADI 

TEMPERATURE 
RANQE 

PM7543AQ 
PM7543AQ 
PM7S43BQ 

AD7543GTD 

AI37543TD 

AD7543SD 

MIL 

PM7543EQ 
PM7S43EQ 
PM7543FQ 

AD7543GBD 

A07S43BD 

AD7543AD 

'5'  '  PM7543GP 
PM7S43GP 
.  .  -    PM7Si«aiP  r 

AD7543GKN 

A07543KN 

ACeSOJN- 

COM 

PM7543FPC 

AI77S43JP 

PIENiRAL  DE^BU^ 

fha4^r:?643tsst2-^resolution,mulfiplying,CMC%D/Aeenvjrteit, 
iwbichifeaeures'sefMdata  input  and  current  output.  Serial  dalalnput 
reduoss  pitii<Goantaid  allowisthe  PM'7S43  to  bb  jsMid  in  osmaller 
pad<ageisavin0PGboMspace.'lmprcivedanalQgparametB^^ 
asdigllalchargelnjectlon,powersupplyr^ectton,ouip<ltcapacltstfioe, 
^edttirougt^rrar,  fsstnvcropFQGessor  ic^^ 
protective  circuitry  make  Vrm:/Rli^iil§'9milSSffi^trtlB0lSSl^ 
second-source  to  the  industry  standaid  ADTS^. 

Tharlsingqr^ling  edge  (user  selected)  of  the  strobe  inputs  are  used 
to  clock  serial  data  (present  at  the  SRI  pin)  into  the  input  shift  regis- 
ter. 

When  the  shift  register's  data  has  laeen  updated,  the  new  data  word 
Is  transferred  to  the  DAC  register  with  use  of  the  LOAD  inputs. 

Continued 

PIN  CONNECTIONS 


'OUTI  Hi 

13  "fb 

'0UT2  d 

ig  V„EF 

AGND  [T 

13  Vdo 

STBI  [T 

13]  CLR 

LDi  [1 

12]  DGNO 

N.e.  [l 

iTj  aTB4 

SRI  [T 

l5]  SfM 

8TB2  [T 

J]  Cm 

i  i  d 


N.C. 
NO. 


CLR 

N.C. 
DGND 


16-PIN  EPOXY  DIP 
(P-Suffix)  

16-PiNCERDIP 

(Qi-Suffbc)  

16-PIN  SOL 
(S-Sufflx) 


AGND    T]  [u  Voo 

STB1    T]  [i7 

.   Tj  [u  STB4 

20-PiNLCC 
(ROSuffbc) 

20-PIN  PLCC 
(ECrSuffix)  ' 


FUNCTIONAL  BLOCK  DIAGRAM 


12-BIT  D  A  CONVERTER 


DAC  REGISTER 
LOAD 


INPUT  REGISTER 

(U-err  shift  register) 


■OIOOTI 


)Voo 
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^  imdi^  OACS|Mj|synchronoiis  CLEAR  input  resets  the  DAC 
tegidSnifiia«W      the  data  in  the  input  register. 

Impi^ilnmB^lna  gain  en 
cAcuitfntseountfliRMjghthaelimMi 
iBtMitoi)»MngmayredueeiR^^ 
iiRitAMasmi^prDoessorvraitstatsss^^^ 
fltandNudplastiaandCerDiPpackagestha^MifimpalHI^Ri^^ 
im»rfon«quipmeriLFbranevensrnallerpaifiia0KCeM^^ 
,8B4^iawulable Iri ari 8-p(^jnilIt|>|Rt  .         <3(r'  <;e'«i'-"iS't '■ 

^AMNvid  epoxy  6eviaiamMmmMm^mmaiiiiuma 

ltoipeniurarangeof-40'<^>fflSH;:   '  -    *  ■ 

ABSOLUTE  MAXIMUM  RATINGS  (t^  ^  i^KS;  urfllMS 
otherwide  noted.) 

VpotoDGND  +17V 

VpgptoDGND  ±25V 

VppB  to  DGND    ±25V 

DGND  to  AGND  „  Vpp  +  0.3  V 

AGND  to  DGND   Vp^  +  0.3V 

Digital  Input  Voltage  Range  -0.3V  to  V^^ 

Output  Voltaga  (Pin  1 .  Pin  2)  -0.3  V  to 


EQ/FQ/FP/FPC/FS  Versions  -40*0  to  +85°C 

GP  Version  —  («;to+70°C 

Junction  Temperature  „  +150°C 

Storage  Temperature  -6S^to  +150°C 

Liagd  TeiriperatM/e  (Soldering,  60  sec)  „.,..  -t^OO'C 

PACKAGE  TYPE  ejj,(Nota1)         6,^         '  U^ins 

16-Pln  Hermetic  DIP  (Q)  94  12  °CW 

16-Pin  Plastic  DIP(P)  76  33  °C/W 

20-Contacl  LCC  (RC)  88  33  °C/W 

20-Pin  SOL  (S)  88  25  "CflN 

2(^ContaelPLCC(PC)  _J7?  M  -CW 

NOTE: 

1.  is  specified  for  worst  case  mounting  conditions,  i.e.,  e.^  is  specified  tor 
device  in  socket  for  CerDiP,  P-DiP,  and  LCC  packases;  e.^  is  specified  for 
device  soldered  to  printed  circuit  board  for  SOL  and  PLCC  packages. 

CAUTION: 

1.  Do  not  appiy  voltage  liigfwr  than  Vqq  or  less  ttian  DGND  potential  on  any 
MmlnalenBiilV—p  (Pin  1S)  and  (^^  (Pin  16). 

2.  The  digital  control  input  are  zener-protected;  however,  permanent  damage 
may  occur  on  unprotected  units  from  high-energy  etockmlBtic  fields.  Keep 

units  in  conductive  foam  at  all  times  until  ready  to  UM.  .   -  , 

3.  Use  proper  antistatic  handling  procedures. 

4.  AMiila  Maximum  Ralbin  app^  lb  both  (MKk^  devices  and  DICE. 
^■■=ilimMiFmmi^U»milk4IMK  Atnoline  M^SMM  RaHntfs  may  aujss 

parmanent  damage  to  the  device. 


ELECTRICAL  CHAI 

Range  specified  underi 


^^HISTleS  atV„„.+5V;V^„   

DSolute  Maximum  Ratings,  unless  otharwisa  noted. 


REF  -  +1«>V;Vt^,  -  Vou„  -  V^ND-  Vdgnd  -  O^iTX  -  Full  Temperature 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

PM-7543 

TYP 

MAX 

UNITS 

STATIC  ACCURACY 

Resolution 

N 

Bits 

Nonllnearity 
(Note  1) 

INL 

.    .  PM-7S43A/E/G 
"\  PM-7S43B/F 

±1/2 
±1 

liSB 

Differential  Nonlineari^ 
[    (NDle2)  ,' 

ONL 

„...,PII*-7543A/E 

±1/2 
±1 

L5B 

1  

Gain  Error 
(Note  3) 

PM-7543A£ 

PiM-7S43B/F/G 
T^  .  Full  Temp,  Bmge 
All  Grades 

*  ■' 

±1 
±2 

±2 

LSB 

Gain  Tempco 
(AGain/A  Temp) 
(Note  6) 

±5 

ppm/°C 

Power  Supply 

Rejection  Ratio   

(A  Gain/A  Vpp) 

-*9IHI- 

ajoooe  ' 

'  n>.ooz 

Output  Leakage  Current 

I 

'lkq 

T^.+25''C 

T^  =  Full  Temp.  Range 
PM-7S43Am 
PM-7543E/F/G 

±100 
±10 

nA 

.4 

Zero  Scale  Error 
(Notes  8, 13) 

'zSE 

T^  >  +25°C 

T^  =  Full  Temp.  Range 

PM-7543A/B 

PM-7S43Ert=/G 

■  — rjvi1  — 

10.05 
±0.01 

±0.61  ^ 
±0.06  " 

Input  Resistance 
(Notes) 

"in 

7 

11 

15 

KQ 
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ELECTRICAL  CHARACTERISTICS  at  V^^  =  +5V;  V^^p  =  +10V;  Voyi,  -  ^outz  "  Ykgnd  = 
Range  specified  under  Absolute  Maximum  Ratings,  unless  oXi\erM\se  nM(LCcmSnued 

V        -  OV-  T 
"PGNP  -     *  ' 

=  Full  Temperature 

PARAMETER 

SYliBOI. 

CONDITIONS 

UN 

TYP  — 

MAX  UNITS 

ACPERFORMANeS 

Output  Current 
Setting  Time 
(Notes  6,7) 

l'-         ■■  ps 

AC  Feedthrough  Error 

f^REF 'ouTi' 
(Note  8, 12) 

FT 

VpgP  =  20Vp-p@f=10ltHz 

T^  =  +25''C 

20  mVp.p 

Digital  lo  Analog 
Glitch  Energy 

<Note  6i4-1)  -  -  - 

Q 

Vref  =  OV 

L     Load  =  lOOn  . 
C^„.13pF 

DACreflisterloailedaUBmatelywHh    -     -  ^  „ 
all  Os  and  all  1  s 

- 

- 

20  nVs 

Total  Harmonic 
Distortion  (Note  6) 

THD 

VpgP  =  6V  RMS  @  1kHz 
DAC  reQistsf  loaded  with  all'1s~ 

_ 

-92  d 

3 

Output  Noise 
(Notes  6. 14) 

10Hzto100l<H2                     '  ' 

13  nV/i/l5 

'n 

batiween  Rpgand  Iq^j 

-  -      —  -  ,.  T 

DIGITAL  INPUTS 

 —  ^.j^ji 

-37!  

OIsHbI  Input  HIGH 

V,H 

2.4 

 TTIP — '  

V 

Digital  InptA  LOW           -  - 

V-   -  - 

 — - 

-     OS  V 

InputLeafcage  — 
qurrenKNolelO) 

'in 

V|^-OVlo+SV 

±1  |lA 

Input  Capacitance 
(Notes) 

8  pF 

ANALOG  OUTPUTS 

Output  Capacitance 

(Note  6) 

''OUT2 

Digilallnputs  =  all  1s 
Digital  Inputs  =  all  Os 

90 

90           •  "'^ 

Output  Capacitance 
(Note  6) 

*'OUT1 

Di{)lial  Inpuu  -  aii  Os 
i)WnillntMi*^allls 

60 

60  ""^ 

TIMING  CHARACTERISTICS 

Wi    rt  i  .■ 

STB1  used  T^.+25°C 

as  the  strobe   T^  »  Full  Temp.  Range 

50 
SO 

Serial  Input  to 
Stiobe  Setup  Times 
(tsTB-SOnS) 

'd8> 

STB2used  T^.+25"C 

as  ttie  strobe   T^  -  Full  Temp.  Range 

20 
20 

ns 

STB3  used      T^  =  +26°C 

as  ttie  strobe   T^  =  Full  Temp.  Range 

10 
20 

'dS4 

STB4  used       T^  =  +25°C 

as  the  Strobe  Tj^  =  Full  Temp.  Range 

20 
20 

'dhi 

STBIused  r^-+2S'C 

as  the  strobe     T^  -  Full  Temp.  Range 

40 
SO 

Serial  Input  to 
Sttolw  Hold  Tlinee 
(tsTB-MnS) 

h}m 

STB2usad  T^-tZS-C 

as  Die  strobe     T^^- Full  Temp.  Range 

SO 
60 

n 

s 

'dH3 

STBS  used       T^  =  +2S»C 

as  the  strobe     T^  =  Full  Temp.  Range 

80 
80 

STB4  used        T^  =  +2:)°C 

as  the  strobe     T^  «  Full  Temp.  Range 

80 
80 
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ELECTRICAL  CHARACTERISTICS  at  Vq^  =  +5V;  =  +1 OV;  Vqu^,  =  V^^^^  =  ^agnd  =  ^dgnd  =  =  Full  Temperature 
fenge  specified  uridiBr  Absolute  MaxliWmiBat^^ 


PM-7543 

Mil 

11 AV  ilUITQ 

SRI  Data  Pulse  Wld«i 

'sRI 

.  Full  Temp.  Range 

100 

rf-  -4.  :0-'M'^  .  M 

STBIPulae  Width  ~ 
.j(STB1  =eOns) 
(Note  15) 

-  Full  Temp.  Range 

BO 

'".ll'  ■.  ■•)'  "J 

c   ■  '''1 

STB2  Pulse  Width 
(STB2  =  10ns) 
(Note  15) 

'sTB! 

T^  =  Full  Temp.  Range 

80 

- 

-  ns 

STB3  Pulse  Width 
(STB3  =  80ns) 
(Note  15) 

'sTBS 

T^  -  Full  Temp.  Range          ^' ' 

80 

-     ■*  ns 

STB4  Puise  Width 

(STB4  =  80ns)    -  - 
p  (Note  IS)  - 

^TB4 

—       T.  =  Full  Temp.  Range  -  —   

—80 

-*  ns 

Load  Pulse  Width 

'ldv'ldz 

 ?r  ■:»i'.t.B,,iJ!».<i>4W.i,l>   

-     -  -Tjf«*2S^  

T^  -  Full  Temp.  Range             .  ^  ■  t  •  .11 1  i  Kn 

- 

180 

ns 

LSB  Strobe  Into  Input  Resistsr 

to  Load  DAC  Register  Time  - 

 T^ -Full.  Temp.  Range 

^0 

-  ■  *  '"'ns 

CLR  Pulse  Width  — 

T^  «  FultTemp.  Range 

80 

-  ns 

POWER  SUPPLY 


Supply  Voltage 


Sijpply  Current 


AU  Digital  Inputs  -  V,h  or  V,^ 
-OV^orVK, 


2 
0.1 


'mA 


NIBTE&  < 

1.  ±1/2  LSB  =  10.012%  of  Full  Scale. 

2.  Ali  grades  are  monotonic  to  12-bits  over  temperature. 

3.  Using  internal  feedback  resistor. 

4.  Applies  to  Iql,.,-,;  all  digital  inputs  =  Vj|_,  V^gp  =  +10V. 

5.  Specification  also  applies  for  Iq^^jW^S"  all  digttell  inputs  - V,^.-  - 

6.  Guaranteed  by  design  and  not  tested. 

7.  Iqij.^,  Load  =  1  OOn,  Cg^.^  =  1 3pF.  digital  input  =  OV  to  V(,  u  or     p  to  OV. 
Extrapolated  to  1/2  LSB:  t^  =:  propagation  delay  (tp^)  +9t,  where -cs  meas- 
ured tifiie  constant  of  the  final  RC  decay;   -  —  

8.  Vp^ps+IOV.  all  digital  inputs  =  0V. 


.9.  Absduletempeiatuie  coefficient  is  less  than  4300ppinf!C. 

10.  DlgilallnputsafBCM0Sgate8;l,^ls^)ically1nAat+2S^.-  ' '  ' 

11.  V^p.OV.aUdgltallnputs^OVtpy^oOrVQQtoOV.  . 

12.  All  digital  inputs  -  OV..  i 

13.  Calculated  from  wdi'sfciieRpgp'  ~ 
'ZSE     LSP?)  -  R^EpX  ly^4096) /V„,,. 

14.  Calculations  from    -  V4K  TRB  where: 

K  =  Bottzmann  constant,  J/'K     R  =resist£ince  CI 
T  =  resistor  temperature,  "K      B  =  bandwidth,  Hz 

15.  Minimum  low  time  pulse  width  for  STBl,  STB2,  and  STB4.  and  minimum 
_   '  high  time  pulse  width  for  STBS. 


stitnlB  arc  it. 
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DICE  CHARACTERISriKlt 


1- 

'0UT1 

9. 

LD2 

2. 

'oUT2 

AGND 

10. 

STBS 

3. 

11. 

STB4 

4. 

STB1 

12. 

DGND 

!l2l 

5. 

LD1 

13. 

CLR 

6. 

N.C. 

14. 

Vqq  (Substrate) 

7. 

SRI 

15. 

V 

'ref 

8. 

STB2 

16. 

"fb 

DIE  SIZE4l.099xg.1lff  Inch,  1Q^«|.  mils  J, 


Substrate  (die  backside)  Is  Internally jMiiwetBjl 
toV„„. 


5.. 
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WAFER  TEST  LIMITS  at  V„ 


■■  +5V;  Vpgp  -  +10V;  Vq^-,^,  -  V^y-f^  =  Yugnd  ' 


PARAMETER 

SYMBOL 

CONDITIONS 

PM-754ag  ; 

!      uuis  1  f, 

UNITS 

STATIC  ACCURACY 

Resolution 

N 



Bits  MIN 

 1       J     ■  i 

Integral  Nonlinearity  INL  ±1  LSBMAX 


pmereABarNonlineartty  DNL  :  ±1  L^MAX 


Gain  Error 

°FSE 

Using  internal  feedliack  resistor 

±2 

LSB  MAX 

Power  Supply 
Rejection  Ratio 

PSRR 

±0.002 

1 

%/%MAX 

Output  Leakage 

Current  doy^,) 

'  Digital  li)puti:-W|(^  -  ,    ^.  ■  .,v 

±1    " -■ 

V 

nAMAX 

REFERENCE  INPUT 

Input  Resistance 

"in 

.  V„E,pad 

7/15 

ka  MIN/MAX 

DIGITAL  INPUTS 


Digital  Input  HIGH  V  i  2.4  VMIN 


Digital  Input  LOW 

0.8 

VMAX 

Input  Leakage  Current 

'iL 

±1 

llAMAX 

POWER  SUPPLY 


NOTE: 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not  guaranteed  for 
standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dk»  lotqualifjcaHons  through  sample  lot  assembly  and  testing. 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


MULTIPLYINQ  MODE  MULTIPLYING  MODE 

FREQUENCY  RE^NSE  TOTAL  HARMONIC 

vs  DIGITAL  CODE  DISTORTION  vs  FREQUENCY 


FI<ECIUENCV(Hz)  FREQUENCY  (Hi) 


SUPPLY  CURRENT  vs  LINEARITY  ERROR  vs  LINEARITY  ERROR  vs 

LOGIC  INPUT  VOLTAGE  DIGITAL  CODE  REFERENCE  VOLTAGE 


g 


V„  (VOLTS)  DKUTALMPUT  CODE  (DECIMAL)  VneF{V0L'I5) 


LOGIC  THRESHOLD  VOtXKGE  JPNL  ERROR  vs 

vs  SUPPLY  VOLTAGE  REFERENCE  VOLTAGE 


-0.5 


13S7>1113     1S  2  4  •  a  10 

Voo  (VOLTS)  (VOLTS) 
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SPECIFICATION  DEFINITIONS 
RESOLUTION 

The  resolution  of  a  DAC  is  the  number  of  states  (2")  that  the  full- 
scale  range  (FSR)  Is  divided  (or  resolved)  Into,  where  "n"  is 
eqi^  to  th.9  number  of  bits. 

SETTLING  TIME 

Time  required  for  the  analog  output  of  the  DAC  to  settle  tQ  withlri 
1/2  LSB  of  Its  final  value  for  a  giv^  digital  ln(M^<ny|^4*.f 
zero  to  full  scale. 

GAIN 

Ratio  of  the  DAC's  external  operational  amplifier  output  voltage 
to  the  Vpgp  ingKirt'Vdtege  when  all  digital  Inputs  are  HIGIH. 

FEEDTHROUGH  ERROR 

Error  caused  by  capacitive  coupling  from  V^^p  to  output. 
Feedthrough  error  limits  are  specified  with  all  switches  OFF. 

OUTPUT  CAPACITANCE 

Capacitance  from  Iqu^,  to  ground. 

OUTPUT  LEAKAGE  CURRENT 

Current  appearing  at  \r,u-r-\  "'len  all  digital  inputs  are  LOW,  or  at 
'ouT2  fsrminal  when  all  inputs  are  HIGIH. 

GENERAL  CIRCUIT  INFORMATION 

The  PM-7543  is  a  12-bit  multiplying  D/A  converter  with  a  very 
low  temperature  coefficient,  R-2R  resistor  ladder  networl<,  data 
input  and  control  logic,  and  two  data  registers.  The  digital  cir- 
cuitry forms  an  interface  in  which  serial  data  can  be  loaded, 
under  microprocessor  control,  into  a  12-bit  shift  register  and 
then  transferred,  in  parallel,  to  the  12-bit  DAC  register. 
An  asynchronous  CLEAR  function  allows  resetting  the  DAC 
register  to  a  zero  code  (0000  0000  0000)  without  altering  data 
stored  in  the  registers. 

A  simplified  circuit  of  the  PM-7543  DAC  is  shown  in  Figure  1 .  An 
inverted  R-2R  laddernetworl<  consisting  of  silicon-chrome,  thin- 
film  resistors,  and  twelve  pairs  of  NMOS  current-steering 
switches.  These  switches  steer  binarily  weighted  currents  into 
either  Ig^.^,  or  l^y^^j.  Switching  current  to  i^u.^,  or  yields  a 
constant  current  in  each  ladder  leg,  regardless  of  digital  input 
code.  This  constant  current  results  in  a  constant  input  resis- 
tance at  Vpgp  equal  to  R  (typically  1 1  kn).  The  V^^^  input  may  be 
driven  by  any  reference  voltage  or  current,  AC  or  DC,  that  is 
within  the  limits  stated  in  the  Absolute  Maximum  Ratings  chart. 
The  twelve  output  current-steering  switches  are  in  series  with 
the  R-2R  resistor  ladder,  and  therefore,  can  introduce  bit  errors. 
It  was  essential  to  design  these  switches  such  that  the  switch 
"ON"  resistance  be  binarily  scaled  so  that  the  voltage  drop 
across  each  switch  remains  constant.  If,  for  example,  switch  1 
of  Figure  1  was  designed  with  an  "ON"  resistance  of  10  ohms, 
switch  2  for  20  ohms,  etc.,  a  constant  5mV  drop  would  then  be 
maintained  across  each  switch. 

To  further  insure  accuracy  across  the  full  temperature  range, 
permanently  'ON*  MOS  switches  were  included  in  series  with 
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Vhef        lOkn         lOkn  mil 


BIT1IMSB)      BIT2  BIT3  BIT«<LSB) 


DIOrtAL  INPUTS 
(BWIfCHES  SHOWN  FOR  DIGITAL  INPUTS  "HIGH") 

•  THESE  SWITCHES  PERMANENTLY  "ON" 


FIGURE  1 :  Simplified  DAC  Circuit 

the  feedback  resistor  and  the  R-2R  ladder's  terminating  resis- 
tor. The  "Simplified  DAG  Circuit,"  Figure  1 ,  shows  the  location  of 
these  switches.  These  series  switches  are  equivalently  scaled 
to  two  times  switch  1  (MSB)  and  to  switch  1 2  (LSB)  to  maintain 
constant  relative  voltage  drops  with  varying  temperature.  Dur- 
ing any  testing  of  the  resistor  ladder  or  f^p^^QBACK  (such  as  in- 
coming inspection),  V^p  must  be  present  to  turn  "ON"  these 
series  switches.  .  -  _ 

BSD  PROTECTION 

The  PM-7543  data  inputs  have  been  designed  with  ESD  resis- 
tance Incorporated  through  careful  layout  and  the  Inclusion  of 
input  protection  circuitry. 

Figure  2  shows  the  input  protection  diodes.  IHIgh  voltage  static 
charges  applied  to  the  digital  Inputs  are  shunted  to  the  supply 
and  ground  rails  through  forward  biased  diodes. 

These  protection  diodes  were  designed  to  clamp  the  inputs  well 
below  dang^raBKleyel&diiiliig  ^afcirtwtij|ij|wiiMiiUittons. 


MtVTS 


FIGURE  2:  Digital  Ipptdt  Protection 
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♦  lol  'leakage       -t-  fOpf  ( 


— R  -  lokn 

O  Wv  

Vref  I  A 


Ileakage       -I-  Mpf 


^laURE  3:  PM-7543  Ecpk^m  Clnmit  (All  Inputs  LOW) 


"FEEDBACK 


— ^  R-10kn 

O  WV 


HGURE4:  PM-7543 Equivalent  Circutt  (All  Digitallnputs  HIGH) 
EQUIVALENT  CIRCUIT  ANALYSIS 

Figures  3  and  4  show  equivalent  circuits  forthe  PM-7543's  inter- 
nal DAC  with  all  bits  LOW  and  HIGH,  respectively.  The  refer- 
OTce  Gtjrrent  is  switched  to  Iqutj  w^^^n  all  data  bits  are  LOW. 
^/id  t&  ^Q^JJ,  when  all  bits  are  HIGH.  The  Ileakage  '^'^"^"^ 
source  is  the  combination  of  surface  and  junction  leakages  to 
the  substrate.  The  1/4096  current  source  represents  the  con- 
stant 1-bit  current  drain  through  the  ladder's  terminating  resis- 
tor. 

putput  capacitance  Is  dependent  upon  the  digital  input  code. 
IThls  is  because  the  gate  capacitance  of  MOS  transistors  in- 
ja'eases  with  applied  gate  voltage.  This  output  capacitance  var- 
ies between  the  low  and  high  values. 

DYNAMIC  PERFORMANCE 

OUTPUT  IMPEDANCE 

The  output  resistance,  as  in  the  case  of  the  output  capacitance, 
varies  with  the  digital  input  code.  This  resistance,  looking  back 
into  the  \^^JJ^  terminal,  may  be  between  IlkQ  (the  feedback 
resistor  alone  when  all  digital  inputs  are  LOW)  and  7.5kQ  (the 
feedback  resistor  in  parallel  with  approximately  SOkO  of  the  R- 
2R  ladder  network  resistance  when  any  single  bit  logic  is  HIGH). 
Static  accuracy  and  dynamic  performance  will  be  affected  by 
I^KewBViatlons. 


The  gain  and  phase  stability  of  the  output  amplifier,  board  lay- 
out, and  power  supply  decoupling  will  all  affect  the  dynamic 
performance  of  the  PM-7543.  The  use  of  a  small  compensation 
capacitor  may  be  required  when  high-speed  operational  ampli- 
fiers are  used.  It  may  be  connected  across  the  amplifiers  feed- 
back resistor  to  provide  the  necessary  phase  compensation  to 
critically  damp  the  output. 

The  considerations  when  using  high-speed  amplinsrs  are:  ' 

1 .  Phase  compensation  (see  Figures  7  and  8). 

2.  Power  supply  decoupling  at  the  device  socket  and  use  of 
proper  grounding  techniques.  i  wAi. 

■y 'If  -  liirr:-'.      <c.-.'t.  •••  »,} 

APPLICATION  TIPS 

In  most  applications,  linearity  depends  upon  the  potentidfof 
'ouTi'  'ouTZ'  and  AGND  (i^ns  1 , 2,  and  3)  being  exactly  equstf  to 
each  other.  In  most  applications,  the  OAC  is  connected  to  an 
external  op  amp  witfi  its  noninverting  input  tied  to  ground  (s^e. 
Figures  7  and  8).  Theamplifier  selected  should  have  a  low  Input 
bias  current  and  lowdriftovertempe«ature.:Theaji)|3ilifi6rs  input 
Offiset  i»dltas»i^ieiiM  bo  Autled  to  less  than  ±200)tV  (less  than 
10%of1LSB). 

The  operational  amplifier's  noninverting  input  should  have  a 
minimum  resistance  «mnectiqn  tg  ground;  the  usual  Ijias  cur- 
rent compensation  re^^^^oU'ldnbtbe  used,  thi^  rebistor  can 
amtsg:  al'mMe  <di(iSej^ltage  'appearint-as  a  vitlyinf  dutptit 
eMfr..AII'grearKidd  pO'eshould  tie  to  a  sir«gle  ooMMmgrouod 
piotn^''«tV^dMg  0retili0^ps.  The  V^q  power  supply  should 
lii^'a'laM  rfQ^l^r'With  no  transients  greater  than  7V^ 

It  is  recommended  that  the  digital  inputs  be  taken  tb.^uml  Oi* 
Vqq  via  a  high  value  (1  MO.)  resistor;  this  will  preverff  Vie  accu- 
mulation of  static  charge  if  the  PC  card  is  disconnectedfrom  the 
system. 

Peak  supply  current  flows  as  the  digital  inputs  pass  through  the 
transition  region  (see  the  Supply  Current  vs  Logic  Input  Voltage 
graph  undciP'ttte'TypjQat  Performance  Characteristics).  Ttte 
supply  Giifirism  ^iectsaMs  as  the  input  voltage  approaches  the 
supply  Tails  (VQi/or  DGND),  i.e.  rapidly  slewing  logic  signals  that 
s'etB%  very  nedr  the  supply  rails  will  nninlmize  supply  current. 

OUTPUT  AMPLIFIER  CONSIDERATIONS 

When  using  high  speed  op  amps,  a  small  feedback  capacitor 
(typically  5-30pF)  should  be  used  across  the  amplifier  to  mini- 
mize overshoot  and  ringing.  For  low  speed  or  static  applications, 
AG  specifications  of  the  amplifier  are  not  very  critical.  In  high- 
speed applications,  slew  rate,  settling  time,  open-loop  gain,  and 
gain/phase  margin  specifications  of  the  amplifier  should  be  se- 
lected for  the  desired  performance.  It  has  already  been  noted 
that  an  offset  can  be  caused  by  including  the  usual  bias  current 
compensation  resistor  in  the  amplifier's  noninverting  input  ter- 
minal. This  resistor  should  not  be  used.  Instead,  the  amplifier 
should  have  a  bias  current  which  is  low  over  the  temperature 
range  of  interest.  .     .  ..  . 
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FIGURE  5:  Simplified  Circuit 

Static  accuracy  is  affected  by  tfie  variation  in  tlie  DAC's  output 
resistance.  Tliis  variation  is  best  illustrated  by  using  the  circuit 
of  Figure  5  and  the  equation: 

VfeROR  =  VOS  (l  +  ^) 

\  Ro' 


Ro' 

where  Rg  is  afunction  of  the  digital  code,  and: 
Rq  =  1 0kil  for  nnore  than  four  bits  of  logic  1 , 
Rq  =  30ki2  for  any  single  bK  of  logld . 

Therefore,  the  offset  gain  varies  as  follows: 

atcodeOOII  1111  1111, 

Verror,  =  Vosfl  +  =  2  Vos 

at  code  01 00  0000  0000, 

VmR0R2  =  Vosf  1  +1°!^)  =  4/3  Vos . 

\  30k£2l  


3JEAT 


The  error  difference  is  2/3  V. 


r  t  r  t 


Since  one  LSB  has  a  weight  (for  V^gp = +1 OV)  of  2.4m  V  for  the  PM- 
7543,  It  is  clearly  important  that  V^^  be  minimized,  either  using  the 
ampttfier'-snulling  pins,  an  ej^emal  nulling  n^twoik,or  by  selectionof 


an  amplifier  with  inherently  low  VQg.  Amplifiers  with  sufficiently 
low  Vjjg  Include  PMI's  OP-77,  OP-97,  OP-07,  OP-27  and  OP-42. 

INTERFACE  LOGIC  OPERATION 

The  microprocessor  interface  of  the  PI\/l-7543  has  been  de- 
signed with  multiple  STROBE  and  LOAD  inputs  to  maximize 
interfacing  options.  Control  signals  decoding  may  be  done  on- 
chip  or  with  the  use  of  external  decoding  circuitry  (see  Fig- 
ure 11). 

Serial  data  can  be  clocked  into  the  input  register  with  STB1. 
STB2,  or  STB4.  The  strobe  inputs  are  active  on  the  rising  edge. 
STB3  may  be  used  with  a  falling  edge  to  clock-in  data. 

Holding  any  STROBE  input  at  Its  selected  state  (i.e.  STB1 , 
STB2  or  STB4  at  logic  HIGH  or  gTB3  at  logic  LOW)  wH^ctto 
prevent  any  further  data  input. 

When  a  new  data  word  has  been  entered  into  the  input  register, 
It  is  transferred  to  the  DAC  register  by  asserting  both  LOAD 

inputs. 

The  GLR  input  allows  asynchronous  resetting  of  the  DAG  regis- 
ter to  0000  0000  0000.  This  reset  does  not  affect  data  held  in  the 
input  registers.  While  in  unipolar  mode,  a  CLEAR  will  result  in 
the  analog  output  going  to  OV.  In  bipolar  mode,  the  output  will  go 

INTERFACE  INPUT  DESCRIPTION 

STB1  (Pin  4),  STB2  (Pin  8),  STB4  (Pin  11)  -  Input  Register 
Strobe.  Inputs  Active  on  Rising  Edge.  Selected  to  load  serial 
data  into  input  register.  See  Table  1  for  details. 

STB3  (Pin  1 0)  -  Input  Register  Strobe  Ihpiit.  Active  on  Fall-' 
ing  Edge.  Selected  to  load  serial  data  into  input  register.  See. 
Table  1  for  details. 

LD1  (Pin  5),  LD2  (Pin  9)  -  Load  DAC  Register  Inputs.  Active 
Low.  Selected  together  to  load  contents  of  Input  Register  into 
DAC  register. 

CLR  IPin^  13)  "  Cirar  Input.  Aetiv*  Lflw.  AsyndvenouSi 

WhendJPtfi  1 2'bit  DAG  register  is  forced  to«  zero  cQd»(OOOQ< 
OQOSiQOQO)  regardless  of  other  Intefface  inputs.  ^ 


■STROBE  INPUT 


'dHS'  't)H4 


1 

y — p«DHi.W 

1 

-  ■    .  ■  , 

*STBt 

w 

*8TB4 

*5Tf1 

>»» 

km 

LOAD  SERIAL  DATA 
-WTO  INPUT  DEGISTER- 


NOTES: 

•STROBE  WAVEFORM  IS  INVSITEO  IF 
STB3  IS  USED  TO  STROBE  SERIAL  DIO)^ . 
BITS  INTO  REGISTER. 


LOAD  INPUT  REGISTER'S 
DATA  INTO  DAC  REGISTER 


FIGURE  6:  Timing  Diagram 
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TABLE  1 :  PM  -7543  Truth  Table 


PM-7543  Logic  Inputs 

Input  Register 

Control  Inputs 

DAC  Register 

Control  Inputs 

PM-7543  Operation 

Notes 

STB4  STB3 

STB2  STB1 

CLR 

LD2 

LDi 

0  1 

0  J 

X 

X 

X 

'  p  1 

{.  arfej'  I.  -r-.o 

X 

X 

X 

Serial  Data  Bit  Loaded  from  SRI 

2.3 

0  0 

X 

V  ' 

A 

A  . 

into  Input  Register 

J  1 

0  0 

X 

V 
A 

V 
A 

..  .11  >        .  A 

X      .  X  ' 

X  0 

No  Operation  (Input  Register) 

Q 

X  X 

1  X 

^        -  I- 

X  X 

X  1 

I.  '  .      >  ■  :  " 

''C  ertPoJ  -■)•-■  !• 

X 

Reset  DAC  Register  to  Zero  Code 
(A^ncnrohotfs  Operation) 

1 

1 

X 

—  No  Operation  (DAC  Register) 

3 

1 

X 

1 

1  0 




Load  DAC  Register  with  the  Contents 
of  Input  Register  ^ 


NOTES: 

1.  CLR  =  0  Asynchronously  resets  DAC  Register  to  OOpo  0000  0000,  but  has  no  2.  Serial  data  is  loaded  into  Input  Register  MSB  first,  on  edges  shown  X.  is 

effect  on  Input  Register.  positive  edge,  \  is  negative  edge. 

3.  0  =  Logic  LOW,  1=  Logic  HIGH,  X  =  Don't  Care. 


UNIPOLAR  OPERATION  (2-QUADRANT) 

The  circuit  shown  in  Figures  7  and  8  may  be  used.wlth  an  AC  or  DC 
relarence  Vbll^e.  The  circuits  output  will  rari^^^teeri  OV  |kI 
approxhnately-V---  (4095/4096)  depeneynguj^^rawcliitalmB^t 

fMTfe'tfRwrrlni^Mto'S^^^The  V„^P 

Input  voltage  range  of  the  op  amp  or  i25V,  whichever  is  lowest. 

In'ttiany  appllcations'tHa  PM^'7543's  negligible  zero  scale  error  and 
very  low  gain  error  pormitthe  elimination  of  the  trimming  of  the  com- 
ponents (R,  and  the  exterr»l  Rpeeqback^  without  adverse  effects 
on  circuit  perfbnnance. 


TABLE  2:  Unipolar  Code  Table 


nGURE  7:  Unipolar  Operation  witti  Higt\  Accuracy  Op  Amp  (2- 
Quadrant) 


DIGITAL  INPUT  NOMINAL  ANALOG  OUTPUT 

MSB  LSB        In  Figures  7  and  8) 


1111     1111  1111 


-VRff  (4095) 
V4096/ 


1000      0000      0001      -Vref  (2249] 
 U096/         .„  . 

1000  0000  0000  -Vref  (2248]  _  jVt^  T, 
 V4096/  2 

0  111      1111      1111      -Vref  (2S47\ 
 V4096/  

0000     0000      0001      -Vref  (— L-] 
 U096/  

0000     0000     0000      -VRff  (—2—]  =  0 
 ■    p.  J>  4     -   U096/  

NOTES: 

1 .  Nooiinai  fuii  scale  for  the£il!a4ajo(l?leuies7  and  8  Is  given  by 
FS-V«Fg||. 

2.  NaniiiialC^irei£M^I«'tti»clrGUilsofF^ 


For  applications  requiring  a  tighter  gain  error  than  0.024%  at  25°C 
for  the  top  grade  part,  or  0.048%  for  the  bwer  grade  part,  the  circuit 
in  Figure  8  may  be  used.  Gain  error  msy  be  trimmed  tiy  adjusting  R,. . 


.2^^  ixenm'TOrmALOGcoNVBHrwfis 


REV.0 


[DO 


— wv 


wv — »— 

 X- 


FIGURE  8:  Unifx>lar  Ope^^aiviit^  Op  Amp  and  Gairf 
Error  Trimmirtg  (2-Quadrant) 


The  DAC  register  must  first  be  loaded  with  all  Is.  R,  is  then  adjusted 
until  y^^jj  =  -Vpigp  (4095/4096).  In  the  case  of  an  adjustable  Vp^p, 
R,  and  Rpeeqback  ""^^  ^  omitted,  with  V^^p  adjusted  to  yield  the 
desired  full-scale  output. 


TABLE  3:  Bipolar  (Offset  Binary)  Code  Table 

DIGITAL  MPUT  NOMINAL  ANALOG  OUTPUT 

MSB  LSB    (Vg„.p  as  shown  In  Figure  9) 


1111     1111  1111 


 V2048/ 


1000      0000  0001 


+  Vbef(-L-) 

V2048/ 


1000     0000  0000 


0  111      1111  1111 


V2048/ 


0000     0000  0001 


-Vref  (2047] 
V2048/ 


0000     0000  0000 


 nr^ 

NOTES: 

1 .  Nominal  full  scale  for  theotaiitsof  HgunSts^ 
,2.  Namiosd,LSBmaBnllUdtforlls9*cultsflffilsmei»#^        _   j 


BIPOLAR  OPERATION  (4-QUADRANT) 

Figure  9  details  a  suggested  circuit  for  bipolar,  or  offset  binary  opera- 
tion. Table  3  shows  the  digital  input  to  analog  output  relationship. 
The  circuit  uses  offset  binary  coding.  Two's  complement  code  can 
be  converted  to  offset  binary  by  software  inversion  of  the  I^SB  or  by 
the  addition  of  an  external  inverter  to  the  MSB  input. 


Resistors  R,,  R. 

3  " 


and  Rj  must  be  selected  to  match  within  0.01% 


and  must  all  be  of  the  same  (preferably  metal  foil)  type  to  assure 
temperature  coefficient  match.  Mismatching  between  R3  and  R^  causes 
offset  and  full-scale  errors  while  an  Rj  to  R^  and  R3  mismatch  will 
result  in  full-scale  error. 

Calibration  ispetformed  by  loading  the  DAC  register  with  1 000  0000 
0000 and  adjusting    until  V^^.^ = OV.  R^  and    may  be  omitted  by 


adjusting  the  ratio  of  R3  to  R^  to  yield  Vq^.^  =  OV.  Full  scale  can  be 
adjusted  by  loading  the  DAC  register  with  1111  1111  1111  and  ei- 
ther adjusting  the  amplitude  of  Vp^p  orthe  value  of  R^  until  thedeslred 
Vgy.^  is  achieved.  j  s-A  ^ 

ANALOG/DIGiTAL  DIVISION 

The  transfer  function  for  the  PM-7543  connected  in  the  multiplying 
mode  as  shown  in  Figures  7  and  8  is: 

Where  A^  assumes  avalueof  1  for  an  "ON"  bit  and  0  for  an  "OFF' bit. 


  X  »D0  "fB 

,  oil  AA^-^  Vbef  PM-7543 


CONTROL 

BITS  CLR  SHI " 


FROM 
SYSTEM 
RESET 


?'.'::i:CKj::r 


GOdnm. 
MRzra 


SERIAL 
DATA 
INPUT 


FIGURES:  Bipolar  Operation  (*43d^mti(X^Binmif) 


REV.D 


RGURE10:  Analog/Dignal  Divider 


The  transfer  function  is  modified  when  the  DAC  is  connected  in  the 


The  above  transfer  function  is  the  division  of  an  analog  voltage  (V^^p, 
By'k  di^wbid.  The  amplifier  goes  ta  tlter^  w^haiy^  'OFF" 
since  division  by  zero  Is  Infinity.  With  aiin@'^C^*ifw|iiS^'te  1  (±1 
LSB).  The  gain  becotnes  4096  ^itti  tlieL^,  bit;t2i'Cm.'  ^  .  .  .  , 


isy  suciBessiveiy  executing  memory  WRiTE  instmctions  while  ma- 
r^ulalng  the  data  between  WRITES,  so  that  eatch  WRITE  presents 
;ttKi  iMKU'bftr^  ~   

(In  Wswample,  the  most  significant  bMsatB  found  in  ma^ 
jtians  oeOQ  and  0001.  ihs  four       are  found  (a  the  loww'  M  cK 
0000,  the  eight  LSBs  In  0001 .  The  data  is  takeft  6om  th^  DBf  line: 

The  serial  data  loading  is  triggered  by  STB1  which  Is  asserted  by  a 
decoded  memoty  WRITE  toamemojyloo^jpn,F^,stfid^.^WRITE 
to  anotheraddressk)i^iontMSfefeda|^^eni$$WC^ 

register. 

PM-7S43  INTERFACE  TO  THE  8085 

TtiePM-7543'slnterfacetotfie8085mlcroprocessorlsshownlnRgure  . 
1 2.  Note  that  the  microprocessor's  SOD  line  Is  used  to  present  data 
iwriailyfotheDAC. 


0^ 


1Hir«»IIESS  BUS 


74LS138 
ADDRESS 
DECODER 

E?  


8-BrT  DATA  BUS 


SRI_  LI12  STBY 
STBS 

LD1  PM-7S43' 
8TB2 

Sim 


FROM  SYSTEM  RESET   

•  ANALOG  CIRCUrTRY  OMITTED  FOR  SIMPLICITY 


T 


FIGURE  1 1 :  PM-7543  -  MC6800  Interface 


ADDRESS  BUS  (1(1 


FROM  SYSTEM  RESET - 
•  ANALOC  aRCUITRY  OMITTED  FOR  SIMPUCITY 


FIGURE  1 2:  PM-7543  -  8085  Interface 

Data  Is  stttbaBinfo  thB;eM-'^43  executing  memory  write  instruof 
tlons.  ThefaiteB62  lf|SiiMenerated  by  decoding  an  address  loca^ 
tlon  and  WR,  Data  Is  loaded  Into  Oie  DAC  register  with  a  memory 
write  instruction  to  another  address  location. 

Serial  data  supplied  to  the  PM-7543  must  be  present  In  tfie  right* 
justified  format  in  registers  H  and  L  of  the  microprocessor. 


SCI 


I  i 
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ANALCXa 
DEVICES 


CMOS  12-Bit 
Birffered  Multiplying  DAC 


FEATURE 

12-BitRasolution 

Low  Gain  T.C.:  2pprn/*Ctyp 

FtetTTLCompatiblcData  LatehM : 

Single +5V  to +15V8upply 

Smail  20-Pin  0^  or  and  20-Tanniinl  SMHace 

Mount  Padiagea 
l^tch  Fra«  (Schotticy  Protaction  Diode  Not  Required) 
l-owCost 

Ideal  for  Battery  OptaiMad  Equipment  ' 


FUN<!rnONAL  BLOCK  DIAGRAM 

Rfb 


AD7545 


12BIT 
MULTIPLYING  DAC 


3iE 


INPUT  DATA  LATCHES 


DB11-DB0 
(PINS  4-161 


GENERAL  DESCRIPTION 

The  AD7545  is  a  monolithic  12-bit  CMOS  multiplying  DAC 
with  on-board  data  latches.  It  is  loaded  by  a  single  12-bit  wide 
word  and  interfaces  directly  to  most  12-  and  16-bit  bus  sys- 
tems. Data  is  loaded  into  the  input  latches  under  the  control 
of  the  CS  and  WR  inputs;  tying  these  control  inputs  low  makes 
the  input  latches  transparent  lowing  diiect.unbuffered  opei^ 
ation  of  the  DAC.  


The  AD7545  is  particularly  suitable  for  single  supply  operwAen 
and  applications  with  wide  temperature  variations. 

The  AD7S45  can  be  used  with  any  supply  voltage  from  +5V 
to  +lSy.  With  ptQS  logic  levels  at  the  inputs  the  device  ^ 
si|i>ceslcssrtinni):5ii!Wt«ffV^   


DIP 


PIN  CONFIGURATIONS 

n 

LCCC 


10    11    12  13 


PLCC 
1  1  i  j 


liJHMlHJLiJ 
I  i  i  !  I 


REV.  A 


AD7545-SPECIFICATI0NS 


(V^EF  =  +10V,  VouTi  =  OV,  AGND  =  D6ND  uttless  otherwise  specified) 


VDD-+5V 
LimiB 


VoD  -  «15V 


Tcit  CondluoRi/Commena 


STATIC  PERFORMANCE. 
'    RdiMMAcCiincjf  ' 

Diffocntul  Noolineai^t^ 

Gain  Enor  (Uiiiv  Internal  RFB>' 


Gain  Tcmpcracurc  Coefficient^ 
AG  ai  n  /  ATempenture 

DC  Supply  Rejectien? 

AGain/AVoD- 
Ou^tifiB^uge^ClpnitiaX  OUT 


All 

J,  A,S 
K.B.T 
L,  C,  U 
GL.  GC.  GU 
J.  A,  S 
K.B.T 
L,C,  U 
GL,  GC,  GU 

J.  A.S 
K.  B,T 

L,  C,  U 
GL,  GC.GU 


All 

J,  K.L.GL 
A,  B,  C,  GC 
S.T.  U,  GU 


±1/2 
±1/2 


±10  i 

±5 


120 
±10 


±25 
±15 
±10 
±6 


±25 
±15 
±10 
±7 


0.02 
50 


50 
200 


Bits 

LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 


%  per  %  max 
nA  max 
nA  max 
nAmax 


10-Bit  Monotonic  T,,,; 
12-BU  Monotonic 
12-Bit  Monotonic 
12-Bit  Monotonic  T, 


DAC  Register  Loaded  with 

1111  1111  1111 

Gain  Error  is  Adjustable  Using 

Typical  Value  is  2ppm/*C fot Jfiaj  -  +5V 


AVdd  *  ±5%  _  " 

DBO-DBll  -  0V;9R,  CS  =  OV 


DYNAMIC  PERFCAtMANG&. 
Cunem  Sccdiiif  Tan^ 


Propagation  Ddiy"  ((BmDj^td 
Input  Change  to  90H 
of  fmal  Analog  Output) 

Digital  to  Analog  Gliuftlaj^tiibe-  - 

AC  Fecdthroufh* 
AtwuTl 


AU 


All 


250 
250 


nVwc  qrp 


To  1/2LSB.  OUT  1  load  =  lOOfl.  DAC 
output  measured  from  f  allii^  ei^  of 
WR.CS  =  0V. 


OOTl  LOAD  =  lOOO  Crxt  -  13pP* 
VitE|t*=AC^«r 

Vref  "  ±l<iV.  liUcHz  Sinewave 


REFERENCE  INPUT 
Input  Rcsisuncc 
(Pin  19  to  GND) 


■"7 


tTC--fljOpBBirCtyp. 
Typical  Input  Ranstyce  g  Xtil^  ^, 


ANALOG  OUTPUTS 
Output  Capacitance' 
CoUTi 


All 
AU 


pF  max 
pF  max 


DBO-DBll  =  QV.WR,^"0V  , 
DBO-DBl  1  =  Vdd .  WR,S  -  8V 


DIGlTALQiffirrS 
Ittpm  ifi^  Voluge 
Vw 

Input  Low  Vtdt«ge 
ViL 

Input  Current' 
iw 

Input  Capacitance 
DBO-DBll 
WR.CS 


All 
All 


2.4 


±10 
5 


U.5 


5 

20 


pFn 
pFn 


V|N  .  0  or  VoD 


Vm-o 
Vm-O 


SWITCHING  CHARACTERISTICS' 
Chip  Select  to  Write  Setup  Time 

tcs 

Chip  Select  to  Write  Hold  Time 
■CH 

Write  PnlxeWidih  , 
twR  . 


Data  Setup  Tine 

<»  -■ 
OanlMiltii^ 


2S0 
175 


140 

100 


400 


210 
150 


as—  1 1  150 


160 
100 


240 

170 


ns  mm 
ratyp 


See  Timing  Diagtfim 


tCS>tWR.  tCH^ 


RnVER  SUPTLY 


100 
10 


500 
10 


500 
10 


mAmax 
jiAnux 


All  Digital  Inputs  V|i,  or  Vm 
All  Digital  Inputs  OV  or  Vqd 
All  Digital  lopng  OV  or  Vpp 


NOTES 

'  Tonpcraruic  F 


1^  m  follows;  I,  K.  L.  GL  veniOQSi  Ow*7^ 
A.  B,  C.  GC  vcrm»ai  -^Cas^^ 
S,  T.  U.  GU  vernonst  -55'C  IB  « 

e  effect  ol  }ppn  max  fain  TC 


 milSmwim»r<t  


■tagielllfinaaiFMCHiatea.  Tlpicd 

'■Hili'inaHlprai'c  to  em 


It  <*25*C}  is  lew  (ban  InA. 
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WRITE  CYCLE  TIMING  Dl/VGRAM 


WRITE 


DATA  IN 
IDB0-DB11) 


MODE  SELECTION 


WRITE  MODE: 

HOLD  MODE: 

IS  and  WR  low,  D  AC  rflsponds 
to  data  bus  (DBO~DB  1 1 )  inputs. 

Eithar  CS  or  WR  high,  data  bus 

IDB0-DB11)  is  locked  out;  DAC 
holds  last  data  present  when 
WR  or  CS  assumed  high  stats. 

NOTES: 

VoD  =  +5V;  tr-tf  =  20ni 
Vdd  =  +15V;  t,  -  t|  =  40ni 

All  input  tinnal  riie  and  fall  times  meaiured  from  10%  ti 
90%of  VoD- 

Timing  mtnurtmint  raferance  laval  ii      +  V||,/Z. 


ABSOLUTE  MAXIMUM  RATINGS* 

VoDto'DGND   -0.3V,  +17V 

Digital  Inptit  Volt^  to  DGND    ....     -0.3V,  Vdd  +0.3V 

Vrfb,  Vref  to  DGND   ±25V 

VpiNi  to  DGND   -0.3V,  Vdd  +0.3V 

AGND  to  DGND   -0.3V,  Vdd  +0.3V 

Power  Dissipation  (Any  Package)  to  +  75°C    450mW 

sjaerates  above  7S°C  by   6mW/°e 

cAimON   


Operating  Temperature  '  ^ 

Commercial  (J,  K,  L,  GL)  Grades  0  to  +  70°C 

Industrial  (A,  B,  C,  GC)  Grades  ar»i\tU)inS:    -  25°C  to  +  85°C 

Extended  (S,  T,  U,  GU)  Grades  -55°C  to  +  125°C 

Storage  Temperature  —  65°C  to  +150°C 

Lead  Temperature  (Soldering,  lOsecs)    +300°C 

*Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device .  This  is  a  stress  rating  only  and  functional 
opeiationat  or  above  this  specification  is  not  implied.  Exposure  to  above 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability . 


ESD  (electrostatic  discharge)  sensitive  device.  The  digital  conirol  inputs  are  diode  protect- 
ed; however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy 
electrostatic  fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective 
foam  should  be  discharged  to  the  destination  socket  before  devices  are  removed. 


TERMINOLOGY 

RELATIVE  ACCURACY:  The  amount  by  which  the  D/A 
converter  transfer  function  differs  from  the  ideal  transfer 
function  after  the  zero  and  full  scale  points  have  been  ad- 
justed. This  is  an  end  point  linearity  measurement. 

DIFFERENTIAL  NONLINEARITY:  The  difference  between 
the  measured  change  and  the  ideal  change  between  any  two 
adjacent  codes.  If  a  device  has  a  differential  nonlinearity  of 
less  than  ILSB  then  it  will  be  monotonic,  i.e.,  the  output  will 
always  increase  for  an  increase  in  digital  code  applied  to  the 
D/A  converter. 

PROPAGATION  DELAY:  This  is  a  measure  of  the  internal 
delay  of  the  circuit  and  is  measured  from  the  time  a  digital 
input  changes  to  the  point  at  which  the  analt^  output  at 
OUTl  reached  90%  of  its  final  value.  '  '      ''^^ ' 

DIGITAL  TO  ANALOG  GLITCH  IMPULSE:  This  is  a  mea- 
sure of  the  amount  of  charge  injected  from  the  digital  inputs 
to  the  ifmalog  outputs  when  the  inputs  change  State.  It  is 
usually  specified  as  the  area  of  the  glitch  in  nVsecsiand  is  mea- 
sured wnth  Vkef  =  AGND  and  an  ADLH0032CG  as  the  out- 
put op,^p,  CI  (phase  compensation)  .=  3dpF:  i,..:  ^ 


ORDERING  GUIDE' 


Maximum 

Gain  Error 

Temperatnic 

Relative 

Ta=+25°C 

Package 

ModeP 

Range 

Accuracy 

Vbb=+5V 

Option' 

AD7545JN 

0°C  to  -l-70°C 

±2  LSB 

±20  LSB 

N-20 

AD7545AQ 

-25°C  to  -i-85°C 

±2  LSB 

±20  LSB 

Q-20 

AD7545SQ 

-55°Cto  +125°C 

±2  LSB 

±20  LSB 

Q-20 

AD7545KN 

O'C  to  +70°C 

±1  LSB 

±10  LSB 

N-20 

AD7545BQ 

-lyC  to  +i5°C 

±1  LSB 

±10  LSB 

Q-20 

AD7545TQ 

-55°Cto  -H25°C 

+  1  LSB 

±10  LSB 

Q-20 

AD7545LN 

0°C  to  -l-70°C 

±1/2  LSB 

±5  LSB 

N-20 

AD7545CQ 

-25°C  to  ■H85°C 

±1/2  LSB 

±5  LSB 

Q-20 

AD^SUQ 

-55°Cto  ■H25°C 

±1/2  LSB 

±5  LSB 

Q-20 

AD7545GLN 

0°C  to  +70°C 

±1/2  LSB 

±1  LSB 

N-20 

AD7545GCQ 

-25°C  to  +85°C 

±1/2  LSB 

±1  LSB 

Q-20 

AD7545GUQ 

-55°C  to  -i-125°C 

±1/2  LSB 

±1  LSB 

Q-20 

AD7545JP 

0°C  to  +70°C 

±2  LSB 

±20  LSB 

P-20A 

AD7545SE 

-55°C  to  -H25°C 

±2  LSB 

±20  LSB 

E-20A 

AD7545KP 

0°C  to  +70°C 

±1  LSB 

±10  LSB 

P-20A 

AD7545TE 

-55°Cto  +125°C 

±1  LSB 

±10  LSB 

E-20A 

AD7545LP 

0'^  to  -H70°C 

±1/2  LSB 

±5  LSB 

P-20A 

AD7545UE 

-55°Cto  ■H25°C 

±1/2  LSB 

±5  LSB 

E-20A 

AD7545GLP 

irC  to  +70aC  -:. 

±1/2  LSB 

±1LSB 

P-20A 

AD7545GUE 

-55°Cto  -l-125°C' 

±1/2  LSB 

±1  LSB 

E-20A 

I      v>>  iVWT  «baO         ^ata^oV)  .W  M»T 


NOTES 

'Analog  Devices  reserves  the  right  to  ship  ceramic  packages  (D-20)  in  lieu  of 
cerdip  packages  (Q-20). 

To  order  MIL-STD-883,  Class  B  processed  parts,  add  /883B  to  part  num- 
ber. Contact  your  local  sales  office  for  military  datasheets.  For  U.S.  Stan- 
dard Military  Drawing  (SMD)  see  DBSC  drawing  5%2-87702. 

'D  =  Ceramic  DIP,  E  =  Leadkss  Ceramic  Chip  Carrier  (LCCC);  N  = 


«ev.  A 


Figure  1  shows  a  simplified  circuit  of  the  D/A  convert  ' 
section  of  the  AD7S4S  and  Figure  2  gives  an  approximate 
equivdent  circuit.  Note  that  the  ladder  termination  teiisaa 
is  connected  to  AGND.  R  is  typically  ^^^^^ 

Vref 


I        I  I 

DB11  DB10 
(MSB) 

Figure  1.  Simplified  D/A  Circuit  of  AD 7545 

The  binary  weighted  currents  are  switched  between  the  OUTl 
bus  line  and  AGND  by  N-channel  switches,  thus  maintaining  a 
constant  current  in  each  ladder  leg  independent  of  the  switch 
state. 

The  capacitance  at  the  OUTl  bus  line,  Cpyxi,  is  code  de- 
pendent and  varies  from  70pF  (all  s#iti;lies"tb  AG}9D)  to  " 
200pF  (all  switches  to  OUTl). 

Oiie  of  the  current  switches  is  shown  in  Figure  2.  The  input 
resistance  at  Vref  (Figure  1)  is  always  equal  to  Rx^qr  (Rldr 
is  the  R/2R  ladder  characteristic  resistance  and  is  equal  to 
value  "R").  Since  Rnj  at  the  Vref  P'"    constant,  the  refer- 
ence terminal  can  be  driven  by  a  reference  voltage  or  a  refer- 
ence current,  ac  or  dc,  of  positive  or  negative  polarity.  (If  a 
current  source  is  used,  a  low  temperature  coeffigieMextemal 
RpB  is  recommended  to  define  scale  factor.)  ' 
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AGND  OUTl 

Figure  Z  N-Oianndeurtent-StBarhig 


CIRCUIT  INFORMATION-DIGITAL  SECTION 
Figure  3  shows  the  digital  structure  for  one  bit 
The  digital  signals  CONTROL  and  CONTROL  are  generated 
from  CS  and  WR. 


TO  AGND  SWITCH 
TO  OUTl  SWITCH 


CONTROL  CONTROL 

"  ''^^'"'-^'^^ItareS.  ffmiiil Input Slhi^ 

Tfe  in^t  buffers  are  simple  CMOS  inverters  designed  such 
diat  when  the  AD7545  is  operated  with  Vdd  =  5V,  the  buffers 
convert  TTL  input  levels  (2.4V  and  0.8V)  into  CMOS  logic 
levels.  When  Vqm  is  in  the  region  of  2.0  volts  to  3.5  volts  the 


 u.  uibik  <u<«.M  tv^iwii  ^lu  uiiiw  turTcnt 

from  the  power  supply.  To  minimize  power  supply  currents 
it  is  recommended  diat  the  digital  input  voltages  be  as  close 
IS  the  a^^nair^^ftB-iQd  PSNDf as  irfi^wtiet^  PtP*'*''- 
The  AD7545'in«y  Bg-apmattd  wiA      supply  vdtagBih  the 
range  S<Vdd  <1S  volts.  With  Vdd  =  -^ISV  the  input  logic 
levels  arc  CMOS  compatible  only,  Le.,  l.SV  andl3.5V. 

BASIC  APPLICATIONS 

Figures  4  and  S  show  simple  unipolar  and  bipolar  circuits  using 
the  AD7S4S.  Resistor  Rl  is  used  to  trim  for  fiill  scale.  The  "G" 
versions  (AD7S4SGLN,  AD7S4SGCQ,  AD754SGUD)  have  a 
guaianleed  maaimiim  gain  error  of  ±  ILSB  at  +2S°C  (Vdd  - 
+  SV)  and  in  maay  q>plkations  it  should  be  possible  to  dispense 
with  gain  trim  resistors  altogether.  Capacitor  CI  provides  phase 
compensation  and  helps  prevent  oveisboot  and  ringing  ndien 
using  high  speed  op  amps.  Note  that  all  the  circuits  of  I^gures 
4,  5  and  6  have  constant  input  impedance  at  the  Vref  terminal. 

The  circuit  of  Figure  1  can  either  be  used  as  a  fixed  reference 
D/A  converter  so  that  it  provides  an  analog  output  voltage  in 
the  range  0  to  —  Vjn  (note  the  inversion  introduced  by  the  op 
amp)  or  Vim  can  be  an  ac  signal  in  which  case  the  circuit  behaves 
as  an  attenuator  (2-Qviadrant  MultipUer).  Vjn  can  be  any  voltage 
in  the  range  -  20s Vi^s  +  20  volts  (provided  the  op  amp  can 
handle  such  voltages)  since  Vref  is  permitted  to  exceed  VdD' 
Table  11  shows  the  code  telaticMiship  for  the  circuit  of  ^gfuie^.  .: 


ANALOG 
COMMON 


•REFER  TO  TABLE  1. 


Figure  4.  Unipolar  Binary  Operation 


TRIMBESISTOR 

J/A/S 

K/B/r 

L/C/U 

GL/GC/GU 

Rl 

soon 

2oon 

loon 

R2 

ison 

68Q 

33P 

t  Trim,  livsiaor  Values  vt. 


Binary  Number  in 

■.^'■'{(■BAej^t^em-'' 

?f  .sTSjs  •y^iii'^z  ;ti;. 
-JUO  adj  M  W?i  JtlA 

0000  0000  0001 
0000    0000  0000 


Analog  Output 


{till]  '" 

-.MS  ■  ■  ■•  ; 

OVohs  


TMelU  (Mippler  Utmry  Code  Table  for  Circuit  of  Figui*  4 
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Figure  S  and  Table  III  illustrate  the  recommended  citicnit  and 
code  relationship  for  bipolar  operation.  The  D/A  function  itself 
uses  oSset  binary  code  and  inverter  Ui  on  the  MSB  line  converts 
2's  complement  input  code  to  offiet  binary  code.  If  appropriate, 
inversion  of  the  MSB  may  be  dime  in  software  using  an  exclusive 
-OR  instruction  and  die  inverter  ranitted.  R3,  R4  and  RS  must 
be  sdected  to  match  within  0.01%  and  they  should  be  the  same 
type  of  reastor  (preferably  wire-wound  or  metal  finl),  so  that 
their  temperature  co^OSdents  match.  Mismatch  of  R3  value  to 
R4  causes  both  o^^Wl  full  scale  error.  Mismatdi  of  RS  and 
R4  and  R3  canseslw'acale  error. 


\  R3  B5 

 >  *^tmm  - 


DATA  INPUT 


Figure  S.  Bipolar  Operation  (2's  Complement  Code) 


Data  Input 


0111 

nil 

nil 

0000 

0000 

0001 

0000 

0000 

0000 

0  Volts 

1111 

1111 

■  i  111 

-ViN 

1000 

OOIM) 

I QOOO 

Analog  Output 


I  2047  I 
\  2048  I 

{lois} 


{2048} 

120481 
12048/ 


Table  III.  2's  Co^&ment  Cctfte  Table  for  Circuit  of  Figure  S 

Figure  6  shows  an  altem^ve' Method  of  achieving  bipolar 
output.  The  circuit  operates  with  sign  plus  magnitude  code 
and  has  the  advantage  that  it  gives  12-bit  resolution  in  each 
quadrant  compared  with  1 1-bit  resolution  per  quadrant  for 
the  circuit  of  Figure  5.  The  AD7592  is  a  fully  protected 
CMOS  change-over  switch  with  data  latches.  R4  and  R5  should 
match  each  other  to  0.01%  to  maintain  the  accuracy  of  the 
D/J^  converter.  MUmj^tdi  iMJ^v^en  R4  a{id  ^  intxoduces  a 
error,'  ,         !         '    '',  "'■ 


'SEE  TABLE  1  FOft  VALUES  OF  HI  AND  PO^ 


Figure  6.  12-Bit  Plus  Sign  Magnitude  D/A  Conyerfer 


Sign 


Binary  Numbers  in 


nil  nil  nil 

0000  0000  0000 

0000  0000  0000 

nil  nil  nil 


AD7545 

Analog  Output 


0  Volts 
0  Volts 

-^<N  i4096f 


Note:  Sign  bit  of  "0"  connects  R3  to  GND. 

Table  I V.  12-Bit  Plus  Sign  Magnitude  Code  Table  for 
Circuit  of  Figim  6         '    ■  -"J-naH  n«j«.;  . 

APPUCATION  HINTS  ;  - 

Ouput  Offitt:  CMOS  D/A  comrerters  exhibit  a  code  depend- 
ent puq>ut  (Esistaiice  !WhiiA  in  turn  causes  a  code  dependent 
amplifier  Jteiis&giiflkvThefcntoC  is  a  code  dependent  diffes: 
ent^tibiSliitt!irity.tetlnalldke  amplifier  oiitputvi^ich  o 
depends  on  Vos  whete  Vqs  is  the  amplifier  input  o^et 
voltage.  To  maintaiti  monottinic  operation  it  is  recom- 
mended that  Vqs  benogn:aterthan(2S  X  10**)  (Vii£p),ayer  . 
the  temperature  range  of  operation.  Suitable  op  amps  ate 
ADS  17L  and  AD544L.  The  ADS  17L  is  best  suited  for  fixed 
reference  applications  with  low  bandwidth  requirements:  it 
has  extremely  low  offset  (SO/iV)  and  in  most  applications 
will  not  require  an  offset  trim.  The  AD544L  has  a  much  wi<^r 
bandwidth  and  higher  slew  rate  and  is  recommended  for  multi-, 
plying  and  other  applications  requiring  fast  settling.  An  offset 
trim  on  the  AD544L  may  be  necessary  in  some  circuits. 

General  Ground  Management:  AC  or  transient  voltages  be- 
tween AGND  and  DGND  can  cause  noise  injection  into  the 
analog  output.  The  simplest  method  of  ensuring  that  voltages 
at  AGND  and  DGND  «e  equal  is  to  tie  AGND  and  DGND 
together  at  the  AD754S.  In  more  complex  systems  where  the 
AGND  and  DGND  jntertie  is  on  the  backplane,  it  is  recom- 
mended that  two  diodes  be  connected  in  inverse  parallel 
between  the  AD7S45  ASM@  andBGND  pinttl  WM  or 
equwalent).     ;    'i  ■  ^  ■  •  ..■  'et- 

Distal  dUtdicSs  Wheit  WS^and  CS  are  both  low  the  latches 
are  transparent  and  the  D/A  converter  inputs  follow  the  data 
inputs.  In  some  bus  systems,  data  on  the  data  bus  is  not  always 
valid  for  the  whole  period  during  which  WR  is  low  and  as  a 
result  invalid  data  can  briefly  occur  at  the  D/A  converter 
inputs  during  a  write  cycle.  Such  invalid  data  can  cause  un- 
wanted glitches  at  the  output  of  the  D/A  converter.  The 
solution  to  this  problem,  if  it  occurs,  is  to  retime  the  write 
pulse  WR  so  that  it  only  occurs  when  data  is  valid. 

Another  cause  of  digital  glitches  is  capacitive  coupling  from 
the  digital  lines  to  the  OUTl  and  AGND  terminals.  This  should 
be  minimized  by  screening  the  analog  pins  of  the  AD7S4S 
(Pins  1,  2, 19,  20)  from  the  digital  pins  by  a  ground  track 
nm  i)etw«sn  pi"^^  ai^|i»i»d  bet;ween  pins  18  jap|d  19  oof 
tlie  AD7S4S.  Note-how  tiie  analog  pins  are^at  one  end  of  the 
package  and  separated  from  the  digital  pins  by  Vdd  and  DGND, . 
to  aid  screening  at  the  board  level.  On-chip  capacitive  coupling 
can  also  give  rise  to  crosstalk  fr<HO  the  digitsd  to  analog  sec- 
tions of  die  AD7S4S,  pankidiiify  in  eiceite  wiA  hi^  cur- 


SEV.  A 


AD7545 

I 

rents  and  fast  rise  and  fall  times.  This  type  of  crosstalk  is 
miniqjiized  by  using  Vdo  =  +5  volts.  However,  great  care  ' 
should  be  taken  to  ensure  that  the  -i-SV  use^  to  power  the- 
AD7^5  is'fiee  fttm  digitally  induced  noise.    ,  [  ■ 

Xpmpmmte  Cocffipi^at  TJt^^ip  tq;^»ata||^^ffikent 
^the  AD7S4S  has  ainajcim^  v^e'oinlf^m/^i^  it 
qrpical  vdue  tA^^gt^^.  t^i^rte^fl^  <^ 
gain  ^ifts  of  2LSBs^  O.SI^Bs  tespecdvdy  over  a  100  C 
temperature  range.  When  trim  resistors  Rl  and  R2  are  used 
to  adjust  full  scale  range,  the  temperature  coefficient  of  Rl 
and  R2  should  also  be  taken  into  account.  The  reader  is 
referred  to  Analog  Devices  Application  Note  "Gain  Error 
and  Gain  Tempersiwre  Coefficient  of  CMOS.Multiplying. 
DACs",  Publication  Number  E63d-10--6/«l.f  -  » 

SINGLE  SUPPLY  OPERATION 

The  ladder  termination  resistor  of  the  AD7545  (Figure  1)  is 
connected  to  AGND.  This  arrangement  is  particularly  suitable 
for  single  supply  operation  because  OUT  1  and  AGND  may  be 
biased  at  any  voltage  between  DGND  and  Vdo.  OUTl  and 
AGND  should  never  go  more  than  0.3  volts  less  than  DGND 
or  an  internal  diode  will  be  turned  on  and  a  heavy  current 
may  flow  which  will  damage  the  device.  (The  AD7S4S  is, 
howo^.tjtBOlieelieiil'ftOm  tlieiKSR  latch-^^ 
prevalent  in  many  CMOS  devices.) 

Figure  7  shows  the  AD7545  connected  in  a  voltage  switching 
mode.  OUTl  is  connected  to  the  reference  voltage  and  AGND 
is  connected  to  DGND.  The  D/A  converter  output  voltage  is 
available  at  the  V^fp  pin  and  has  a  constant  output  impedance 
e^al  to  R.  RpB  ^  ttdt  used  iti  dii^eitfcifiliti,'- 

1-..   .  .  '  >   -    i-l  .;iu-  1       irTL-^saii'lU:  ' 

.■.1.   :  ;  af.w  ;  I  v  ji< -.J? .  ',    rl.     ■  i. 
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Figure  7.  Single  Supply  Operation  Using  Voltage 

Switching  Mode 

The  loading  on  the  reference  voltage  source  is  code  dependent 
and  the  response  time  of  the  circuit  is  often  determined  by  the 
behavior  of  the  reference  voltage  with  changing  load  conditions. 

To  maintain  linearity,  the  voltages  at  OUTl  and  AGND  should 
remain  within  2.5  volts  of  each  other,  for  a  Vqd  of  IS  volts.  If 
V|3D  is  reduced  from  15V  or  the  differential  voltage  between 
OUTl  and  AGND  is  increased  to  more  than  2.5V  the  differ- 
ential nonlinearity  of  the  DAC  will  increase  and  the  linearity 
of  the  DAC  will  be  degraded.  Figures  8  and  9  show  typical 
curves  illustrating  this  effect  for  various  values  of  reference 
voltage  and  Vdq.  If  the  output  voltage  is  required  to  be  off- 
set from  ground  by  some  value,  then  OUTl  and  AGND  may 
be  biased  up.  The  effect  on  linearity  and  differential  non- 
linearity  wUl  be  M^ma'H'^auicw^  Vd^  tif  <«t%li^^ 
of  the  offset.      I-    CT  .  .■    -.  h  •  ■  snfn,y,v 


DNL 
<L5B) 

+2.0 


+1.0 


Vdd  (VOLTS) 

Figure  8.  Differential  Nonlinearity  vs.  Vqq  for  Figure  7 
Circuit.  Reference  Voltage"  2.5  Volts.  Shaded  Area  Shows 
flange  of  Values  of  DIffSiutial  Nonlinearity  that  Typically 
Occur  for  L,  C  and  V  Grades. 


Figure  9.  Differential  Ndnlinearity  vs.  Reference  Voltage  for 
Figure  7  Circuit.  VpD  =  IS  Volts..  ShaiMAmaSlj»>YiS,ISfm^^ 
of  Values  of  Differential  Nonlinearity  ffiat  Typically  Olmir', 
for  L,  C,  and  U  Grades. 

The  circuits  of  Figures  4,  5  and  6  can  all  be  converted  to  single 
supply  operation  by  biasing  AGND  to  some  voltage  between 
Vqp  and  DGND.  Figure  10  shows  the  2's  Complement  Bipolar 
circuit  of  Figure  5  modified  to  give  a  range  from  +2V  to  +8V 
about  a  "pseudo-analog  ground"  of  5V.  This  voltage  range 
would  allow  operation  from  a  single  Vqu  of  +  10V  to  +15V. 
The  AD584  pin-programmable  reference  fixes  AGND  at  +5V. 
Vi]M  is  set  at  +2V  by  means  of  the  series  resistors  Rl  and  R2. 
There  is  no  need  to  buffer  the  Vref  input  to  the  AD7545 
with  an  amplifier  because  the  input  impedance  of  the  D/A 
converter  is  constant.  Note,  however,  that  since  Ae  tempera- 
ture coefficient  of  the  D/A  reference  input  resistance  is  typi- 
cally -300ppm/°C,  applications  which  experience  wide  tem- 
perature variations  may  require  a  buffer  amplifier  to  generate 
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the  +2,0V  at  the  AD7545  Vref  pin.  Other  output  voltage 
ranges  can  be  obtained  by  changing  R4  to  shift  the  zero 
point  and  (Rl  +  R2)  to  change  the  slope,  or  gain  of  the 
D/A  transfer  function,  V00  must  be  kept  at  least  5V  aboWC 
OUTl  to  ensure  that  Unearity  is  preserved. 


VoD  ='+10VTO+1BV 


Figure  10. 
Converter 


Single  Supply  "Bipolar" 2's  Complement  D/A 


MICROPROCESSOR  INTERFACING  OF  THE  AD7545 
The  AD7S4S  can  interface  directly  to  bodi  8-  and  16-bit 
microprocessors  via  its  12-bit  mlte  ^mUlglA  Vli^mm^M^ 
CS  and  WR  control  signals. 

A  typical  interface  circuit  for  an  8-bit  processor  is  shown  in 
Figure  11.  This  arrangement  uses  two  memory  addresses,  one 
for  the  lower  8  bits  of  data  to  the  DAC  and  one  for  die  n|^er 
4  bits  of  data  into  the  DAC  via  the  latch. 


3^ 


 \  LATCH 

I 


c 
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8-B)T  DATA  BUS 


Figure  12  shows  an  alternative  approach  for  use  with  8-bit 
processors  which  have  a  full  16-bit  wide  address  bus  such 
as  6800,  8080,  Z80.  This  technique  uses  the  12  lower 
address  lines  of  the  processor  address  bus  to  supply  data  to 
the  DAC,  thus  each  AD7545  connected  in  this  way  uses  4k 
bytes  of  address  locations.  Data  is  written  to  the  DAC  using 
a  single  memory  write  instruction.  The  address  field  of  the 
instruction  is  organized  so  that  the  lower  12  bits  contain  the 
data  for  the  DAC  and  the  upper  4  bits  contain  the  address 
of  the  4k  block  at  which  the  DAC  resides. 


Figure  12.  Connecting  theAD7S45  to  8-Bit  Processors  via 
the  Address  Bus 

SUPPLEMENTAL  APPLICATION  MATERIAL 

For  further  information  on  CMOS  multipiying  D/A  converteis 

Ae  leader  is  referred  to  Ac  foUownng  lextitt 

Application  Guide  to  CMOS  Mi4l%i]rb%  t>/A  converters 
available  from  Analog  Devices,  Publick^tcm  l^iuinber  G479. 

Gain  Error  and  Gain  Temperature  Co^Setat  of  CMOS 
Multiplying  DACS  —  Application  Note,  MHiitnon  Number 
E630- 10-6/81  available  from  AodqgDei^a. 


Figure  1 1.  8-Bit  Processor  to  AD7S45  Interface 
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PM-7545/PM-7645 


FEATURES  ^ 

•  Preadjusted  Full  Scale  ±1  LSB  Maximum  Gain  Error 

•  Low  Gain  Temperature  Coefficient  2ppm/°C 

•  Small  20-Pin  0.3"  Wide  DIP 

•  PM-7S45  TTL  Compatible  for  Vb,^?i  5X 

•  PM-7645  TTL  and  5V  CMOS  Gompatlble  lor     „  =  1 5 V 

•  High  ESD  Resistance 

•  Available  In  Die  Form 

ORDERING  INFORMATION '  

PACKAGE:  2IM>IN 


EXTENDED 
INDUSTBJAL 


COMMERaAL 


GAIN  ERROR 

TEMPERATURE 

TEMPERATURE 

TEMPERATURE 

=  +25=0 

-55'C  to  +125°C 

-40°CtO'»SS°C 

0°Cta*7IO«C 

±1  LSB 

PM7545AR 

PM754SER 

±3  LSB 

PM7545BR 

PM7545FR 

±3  LSB 

PM7545BRC/883 

PM7S45FP 

±3  LSB 

PM7545FPC 

±3  LSB 

PM7545FS 

±1  LSB 

PM7645AR 

PM7645ER 

PM764SGP 

±3  LSB 

PM7645BR 

PM7645FR 

±3  LSB 

PM7645FP 

±3  LSB 

PM7645FPC 

±3  LSB 

PM7645FS 

For  devices  processed  in  total  compliance  to  MIL-STD-883,  add7883  after 

part  number.  Consult  factory  for  883  data  sheet.     

t    Bum-in  Is  available  on  commercial  and  Industrial  tsmperasure  ran0::paAsiD 
CerOIP,  plastic  DIP,  and  TOcan  packages.  — 


CROSS  REFERENCE 


PMI 

ADI 

1EHPERATURE 
RANGE 

PM7545AR 
PM7545BR 
PM7545BR 
PM7545BR 

AD7545GUD 

AD7545UD 

AD754TD 

AD7545SD 

MILITARY 

PM7545ER 
PM7545FR 
PU7545FR 
PM7545FR 

AD7545GCQ 
AD7545CQ  . 
AD7545BQ 
AD7545AQ 

<;-!(- .        -  ■ 
INDleTm^L 

PM7545GP 
PM7545FP 
PM7545FP 
PM7S4SFP 
PM7545FPC 

AD7545GLN 

AD7545LN 

AD7545KN 

ADTC45JN 

ADre45KP 

)c  COMIMERCIAL 

GENERAL  DESCRIPTION 

The  PM-7545/PM-7645  are  12-blt  CMOS  multiplying  DACs  with 
Internal  data  latches.  Digital  data  Is  input  in  a  12-bit  wide  data 
format,  while  CS  and  WR  control  inputs  are  active  low.  During 
this  time  the  latches  are  transparent  allowing  digitallnputsdirect 
connection  to  the  DAC;  When  WR  is  returne(^  to  logic  high,  the 
current  data  w6rd  In  tRe  latch  fs  saved. 


The  PM-7545  operates  from  5  to  15  volt  power  supplies,  offering 
TTL  logic  compatibility  at  VopofSV  and  CMOS  logic  compat- 
ibility at  Vdd  of  15V.  The  PM-7645  is  specif  led  for  operation  at 
Vqd  of  15V,  offering  TTL  logic  input  compatibility. 

PIN  CONNECTIONS 


OUT  [T 

^  RPB 

AGND  [T 

Vref 

DGND  [T 

Vdo 

(MSB)  DB11  \Z. 

]l]  WR 

DBIO  [T 

wl  S 

0B9  [7 

n]  OBOiLSB) 

DBS  (T 

m]  dbi 

DB7  1^ 

W]  DBZ 

DB6  [T 

li]  DBS 

DBS  [to 

jj]  DB4 

20-PIN  EPOXY  DIP 
(PSuffix) 

20-PIN  HERMETIC  DIP 
(R-Suffix) 

20-PIN  SOL 
(S-Suffix) 


o  o  =  e  s 

Q    <    O    DC  > 


20-CONTACTPLCC 
(PC-SuJfbi) 

20-GONTACTLCC 

(RprSlifnO^ 


(MSB)DB11  7] 
OB-H)_  Tj 
DBS  7] 
DBS  T| 
,1  DB7  T] 


'[aJLlJLLjboJH' 


[i7  WR 

[iF  CS 

\^£  DBO(LSB) 

[m  dbi 


O   Q    §  S 


FUNCTIONAL  DIAGRAM 


PM-7545/PM-7645 


J 


INPUT  DATA  LATCHES 


Rjfy.  c 


otherwise  noted.) 

VpotoDGND  -0.3,+17V 

Digital  Input  Voltage  to  DGND  -0.3,  V^^ 

AGNDtoDGND  -0.3,  V^p 

Vppg,  VpgptoDGND  ±25V 

Vp,^  ,  to  DGND  -0.3. 

Operating  Temperature  Range 

Military  (AR,  BR)  Grades  -SSoCto  +125"'C 

Industrial  (ER,  FR,  FP,  FPC,  FS)  Grades....  -40''Cto  +85°C 

Commercial  (GP)  Grade   .^4aS>T4j3^&l&$7^^ 

Junction  Temperature  ..%.^T.k>Hvanm».'»«««A«*«»3wv»wx^m»v.  ^t4€0^ 

storage  Temperature  ,..„.....-€S'Gto  +1S0°C 

^ead  Temperature  (Sokl«(1ng,  60  se^'.CZri^m.^aLf^SOOoCi 


i 


ic 

UNITS 

ZO-rin  rwrmOuC  Ulr  \n) 

76 

11 

°C/W 

ZO-Pin  Plastic  Ulr  (r) 

_   ,  69, 

88 

33 

20-Pin  SOL  (S) 

88 

25 

20-C(>ntfctPLCC(PC) 

73 

33 

NOTE: 

1 .  ©.^  is  specified  for  worst  case  mounting  conditions,  i.e.,  ©^^  is  spedfiiid  lor 
device  in  socket  for  CerDIP,  P-DIP,  and  LCC  packages;  ©j^  is  specified  for 
device  soldered  to  printed  circuit  board  for  SOL  and  PLCC  packages. 

CAUTION: 

1 .  Stresses  above  those  listed  under  "Absolute  Maximum  Ratings'  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  at  or  above  this  specification  is  not  implied.  Exposure  to  above 
maximum  rating  conditions  tor  extended  periods  may  affect  device  reliability. 

2.  Do  not  apply  voltages  higher  tian  V^^  or  less  ihan  GND  potential  on  any  w- 
minal  except  V^^p. 

3.  The  digital  inputs  are  zener  protected,  however,  permanent  damage  may 
occur  on  unpro^ted  units  from  high-energy  electrostatic  fields.  Keep  units  in 
conductive  foam  at  all  times  until  ready  to  use.  Use  proper  antistatic  handling 
procedures. 

4.  Remove  power  before  inserting  or  removing  units  from  their  sockets. 


ELECTRICAL  CHARACTERISTICS  at  Vp^  =  +5V,  V^^^  =  +1 OV,  Vq^^  =  OV,  AGND  =  DGND  =  OV;  T^  =  -55»C  to  +125°C  apply 
for  PM-7545AR/BR;  T^  =  -40°C  to  +85<>C  apply  for  PM-7545ER/FR/FP/FPC/FS;  T^  =  0°C  to  +70»C  apply  for  PM-7545GP,  unless  oth- 
erwise noted.  1 5V  operating  characteristics  are  shown  on  the  following  pages. 

*  PM-7545A/E/G  PM-754SB/F 

PARAMETER  SYMBOL        CONDITIONS  MIN         TYP         MAX  MIN         TVP         MAX  UNITS 


STATIC  ACCURACY 


Resolution  N 

 a©-  

12 

12 

Bits 

Relative 
Accuracy 

Tft  =  Full  Temp.  Range 

—  ±1/2 

+1/2 

LSB 

Differential 
Nonimsartty 

Ta  =  Full  Temp,  Range  ' 
(Note  1) 

—  ±1 

+1 

LSB 

SWW^EBBr  -  -   T 

(Notes  2. 3)  ^ 

TA=-far>e  

Ta = Full  Tem  j>.  Range 

—       •  '  ±1 



±3 
±4 

LSB 

(— eoeWsieiit—  TGQfis 

AGaiWATempewture 

t,-"'irt:'.'  t            ' : 
(Note4) 

.    ■  *5 

±2 

±5- 

s>    .\  '  - 
ppm/°C 

1 

ACteWA^-T  

=  Full  Temp.  Range 

-  0.002         ,-~ - 

—  0.004 

0.002 
0.004 

%/% 

1 

Output  Leakage 

Ta  =  +25"'C,  WR  =  CS  =  OV. 
All  Digital  Inputs  =  OV 

—  10 

10 

Current  at  OUT 

Ta  =  Full  Temp.  Range 

A/B  versions 

E/F/G/H  versions  ) 

—  200 

-•  •-i"-;  -  so 

200 
SO 

 nA 

DYNAMIC  PERFOMIMleE   !  ^  ; 

 T- 

1  1 

'  jj-  ig^'  

Propagation  Delay 
(Notes 4,  5,  6.  7)   ]     -lf:fei!if.T*,i  1. 

 i_^B5 

—  300 

—  i ' 

Current  %tlHng  Time  tj' 

Ta=*  Full  Temp.  Range 

(To  1/2  LSB)  (Note  4)  ' 

lour  Load  =  1000, 

r: ; 

t 

I"'  •njyl«>iHum5Olf'0 

-  CI 

.-  >i 

-M  r 

Digital  Charge  ^ 
Injec  10" 

T4  =  +25°C 

T.^  -  Full  Temp  Range 
Vhef  =  AGND  (Note  4) 

—  300 

—  400 

—  300 

-  TbT^ 

nMs 

rMr.. 

j.i.      1.  T«  =  Full  Temp.  Range 

AC  Feedthrough                „  .        ,         , . 

FT  Vi,EF=+10V,f  =  10l(Hz 

^  All  Digital  Inputs  =  0V 


2-574  DIGITAL-TO-ANALOG  CONVERTERS 


REV.  C 


PM-7»5/PM-7645 


ELECTRICAL  CHARACTERISTICS  at  V„ 


=  +5V,  V„gp  =  +1 OV.  Vqut  =  OV.  AGND 


=  DGND  =  OV;  T.  =  -55°C  to  +1 25°C  apply 


for  PM-7545AR/BR;  — WC  to  +85°C  apply  for  PM-7545EFt/FR/FP/FPC/FS;  =  0»C  to  +70'>C  apply  for  PM-7545GP,  unless  oth- 
erwise noted.  15V  operating  characteristics  are  shown  on  the  following  pages.  Continued 


HUMMETER 


SyyiBOL  ...CONDITIOMS;, 


PM-7545A/E/G 

IN         TYP  MAX 


PM-754SB/F 

JMN     .  .  TYP  MAX 


UNITS 


REFERENCE  INPUT 


Input  Resistance 
(PinlStoGND) 


Ta  ^  Full  Temp.  Range 
Input  Resistance 


ANALOG  OUTPUTS 


Output  Capacitance 
("Note  4)  '- 
CbUT 


T^  =  Full  Temp.  Range 
DB0-OB11  =  OV.  WR  =  CS  =  OV 
DB0-DB11  =  V[io  WR  =  CS  "  OV 


70 
150 


DieiTAL  INPUTS 


Input  High  Voltage  V,f 
Input  Low  Voltage  V|^ 


Ta  =  Full  Temp.  Range 


Input  Current 


Ta=  +25°C 

T^  =  Full  Temp.  Range 


1 

1P.V 


pF 


Input  Capacitance 
DB0-DB11,  WR,  CS 


Ta  =  Full  Temp.  Range 
Vim  =  0  (Note  4) 


SWITCHING  CHARACTERISTICS 

(Notes  4,  B.  9) 


See  Timing  Diagram 


Chip  Select  to 
Write  Setup  Time 


Ta=  Full  Te^.  Ranga 


200 
270 


280 
^  ^380 


200 
270 


Chip  Select  to 
Write  Hold  Tin™ 


Tf^  =  Full  Temp,  ^nge 


Write  Pulse 
Width 


Ta=+25°C 

Ta=  Full  Temp.  Range 


250 
380 


ITS 
270 


250 
380 


175 
270 


Data  Setup 

Time 


tDS 


Ta  =  +25°C 

Ta.=  Full  Temp.  Range 


140 
210 


100 
ISO 


140 
210 


loo' 

ISP 


Data  Hold  Time 


Ta  =  Full  T^ap.  Range 


POWER  SUPPLY 


Supply  Current 


Ta  =  FuII  Temp.  Range 

(Ail  Digital  Inputs  V,^^  or  Vimh) 


Ta=  +25''C 

Ta  =  Full  Temp.  Range 

(All  Digital  Inputs  OV  or  Vqq) 


100 
100 


100 
100 


NOTES: 

1.  12-bit  monotonic  over  full  temperature  range. 

2.  Includes  the  effects  of  Sppm  max.  gain  T.C. 

3.  Using  internal  Rpg.  DAG  register  loaded  with  111111111111.  Gain  error  Is 
adjustable  using  the  circuits  of  Figures  4  and  5. 

4.  GUARANTEED  and  NOT  TESTED. 

5.  From  digital  input  change  to  90%  of  final  analog  olitpuL 


6.  All  digital  inputs  =  OV  to  Vno:  or  Vpp  to  OV. 

7.  Logic  inputs  are  MOS  gates,  typical  Input  current  (at  +25^0}  is  less  than 
1nA. 

8.  Sample  tested  at  +25*C  to  ensure  compliance. 

9.  Chip  select  OS  must  be  coln^dent  or  present  before  and/or  after  write  WR; 


PM-7545/PM-7645 


ELECTRICAL  CHARACTERISTICS  at  V^^  =  +15V,  V^^^  =  +1 OV,  V^^j^  =  OV,  AGND  =  DGND  =  OV;  =  -SS^C  to  +1 25°C  apply 
for  PM-7545^M-764f  AR/BR;  T^  =  -40°C  to  +85°C  apply  for  PM-7545/PM-7645ER/FR/FP/FPC/FS;  T^  =  0°C  to  +70°C  apply  for  PM- 
^■8#lf'y&te6P,  unless  otherwise  noted. 


.    PM-7545A/E/G      -  — - 

- 

PM-7545B/F 

-  ■  ■  «• 

PM-764SA/E/G 

PM-7645B/F 

PARAMETER 

^'''icoNDrnoN&" 

MIN  TYP 

MAX- 

MIN 

TYP  MAX 

UNrrs 

STATIC  ACCURACY 

Resolution 

12  — 

12 

Bits 

Relatnw  

Accuracy 

itoT 

T/t = Full  Temp.  Range 

—  — 

_ 

—  ±1/2.: 

.o'  m.- 

Diff  srsntisi 
Nonlinearity 

DNL 

*]"^  =  Full  Temp.  Range 
(Note  1) 

—  " 

±1 

— 

—  ±1 

"  LSB 

Gain  Error 

SfSE 

Ta  -  +25°C 

—  Full  Temp.  Range 

±1 
+2 

—  ±3 

LSB. 

Gain  Temperatunff 

Coefficient  ' 

TCGps 

(Note  4) 

—  ±2 

±5 

±2  ±5 

ppm/*C 

'  AG^R/ATemperature 

C^C  Supply  Rejec^h 
AGaln/AVoQ 

T^  =  Full  Temp.  Range 

■O.GOS''  ■ 

—  0i002 

—  0.004 

%/% 

= +2S«C.  WR  =  CS  =  OV. 

10 

—            10  " 

Output  Leakage 

All  DlgKal  Iqnits^OV 

:  T  I' 

Currrait  at  OUT 

'lkg 

T^=  Full  Temp.  Range 

t 

200.  ,, 

—          200  , 

.„rE/F/G/H  Versions 

—  60 

DYNAMIC  PERFORMANCE 

Propagation  Delay 
(Notes  4,  5,  6,  7) 

tpD 

T^  =  +25°C 

(OUT  Load  =  lOOa,  Cext  =  13pF) 

250 

—  260 

ns 

7^=  Full  Temp.  Range'  ' 

■\ 

Current  Settling  Time 

t. 

(T0  1/2LSB)  (Note  4) 
1  OUT  Load  =  100n 

1 

—  1 

Digital  Charge 
Injection 

O 

T„  =  +25°C 

Ta=  Full  Temp.  Range 

■  -1  -as©'''  ■ 

^'  250 
—  300 

nVs 

VpiEF^AGND  (Note  4) 

AC  Feedthrough 
-aUoBi-           -  - 

FT 

Ta = Full  T^pp.  Range 
V,^=±10V,t="10kMz 

—    ;.,(....  tfi 

-.-il^'       ^TS"  11..-' 

,.  •             -i'li;;'.'  1 

6 

"AH  QigH  Inputs  >=0V 

REFERENCE  INPUT 

,  an    .  ,  T  li.,-  - 

,  r 

Input  Resistance 
{Pin  19  to  GND) 

Rref 

T^  =  Full  Temp.  Range-  — 
Input  Resistance 

 Po' 

7  11 

,        ^,i,t^)  , 
16 

7 

11  IS 

ANALOG  OUTPUTS 

— — '  :  '-^              1'  tfc.'  ,   H  

Output  Capacitance 
.f<!?°*J.--..bn.c. 

CouT 

7/^=  Full  Tj9mp,  Flange 

60 

—  ',  60 

—  ,  120 

1 

DIGITAL  INPUTS 

Input  High  Voltage 
Input  Low  Voltage 

V|NH 
V|NL 

Ta  =  Full  Temp.  Range,  PM-7545 

13.6  — 

1.5 

13.5 

—  1.5 

V 

Input  High  Voltage 
Input  Usui  Molttss 

V|NH 

Tft  =  Full  Temp.  Range.  PM.7S4$ 

2.4  — 

OB 

2.4 

—  0.8 

V 

Input  Current 

l|N 

Ta=+26°C 

Ta=  Full  Temp.  Range 

1 
10 

—  1 

—  10 

(lA 

Input  Capw^ttni^ 

ln=  Full  Temp.  Range 
V|N  =  0  (Note4) 

8 

—  8 

pF 

REV.Ci 


PM-7545/PM-7645 


ELECTRICAL  CHARACTERISTICS  at  V„ 


, =  +1 5V,  Vpgp  =  +1 OV,  Vq^j^  =  OV,  AGND  =  DGND  =  OV;     =  -55°C  to  +1 25°C  apply 
for  PM-7545/PM-7645AR/BR;     =  -40''C  to  +85'=C  apply  for  PM-7545/PM-7645ER/FR/FP/FPC/FS;     =  0°C  to  +70°C  apply  for  PM- 

7545/PM-7645GP,  unless  otherwise  noted.  Continued 


PM-754SA/E/G 

PM-7545B/F 

PM-764SA/E/G 

PM-7645B/F 

PARAMETER 

SYMBOL 

'  CONDITIONS 

MIN 

TYP  MAX 

MIN 

TYP 

MAX 

UNITS 

POWER  SUPPLY 

hd 

Tft  =  Full  Temp.  Range 

(All  Digital  Inputs  V|^l  or  Vjign) 

2 

2 

mA 

Supply  Current 

Ta=+25°C 

— 

2 

too 

— 

2 

too 

■  dd 

Ta  =  Full  Temp.  Range 

(Ail  Digital  input&OV  orVog) 

— 

5 

too 

5 

too 

fA 

SWITCHIHg  GHMMCiaMFTICB 

t   (Notes  ^«iS) 

See  Timing  Diagram 

PM-7545  A/E/6 

PM-7S45  B/F/H 

Chip  Select  to 
Write  Setup  Time 

tcs 

Ta  =  +25°C 

T* = Full  Temp.  Range 

180 
200 

120 

— 

180 
200 

120 
150 

— 

ns 

Cliip  Select  to 
Write  Hold  Time 

T* = Full  Temp.  Range 

0 

0 

ns 

Write  Pulse 

'  -twfi 

Ta  =  +25°C 

160 

too 

- 

160 

100 

— 

n»  - 

Width  - 

Ta  =  Full  Temp.  Range 

'  240 

170 

— 

240 

170 

— 

Dam  Setup 

Ta  =  +25°C 

90 

60 

- 

90 

60 

- 

ns 

Time 

Ids 

Ta  =  Full  Temp.  Range 

120 

80 

120 

80 

Data  Hold  Time 

toH 

Ta  =  Full  Temp.  Range 

10 

10 

ns 

SWITCHING  CHARACTERISTIOSi 

(Notes  4,  8,  9)  ■ 

See  Timing  Diagram 

PM-7645  A/E/G 

PM-764SB/E/H 

Chip  Select  to 

Ta  =  +25°C 

150 

150 

ns 

Write  Setup  Time 

tcs 

Ta  =  Full  Temp.  Range 

210 

210 

Chip  Select  to 
Write  Hold  Time 

tcH 

Ta  =  Full  lSrtip.  Range 

0 

0 

— ~J    

ns  ' 

Write  Pulse 
Width 

Ta  =  +25"C 

_-ia) 

ISO 

twR 

Ta  =  Full  Temp.  Range 

210 

210 

ns 

Data  Setup 

Ta  =  +2S°C 

225 

225 

hs 

Tfme 

Ids 

Ta=  Full  Temp.  Range 

300 

300 

Data  Hold  Time 

toH 

Ta  =  Full  Temp.  Range 

10 

10 

'US 

NOTES:   

1.  12-bit  monotonic  over  full  temperature  range. 

2.  Includes  the  effects  ot  5ppm  max.  gain  T.C. 

3.  Using  Internal  Rpg.  DAC  reglsterioaded  with  1111  1111  t111.@ainerroris 
adjustable  using  the  circuits  ot  Figures  4  and  5. 

4.  GUARANTEED  and  NOT  TESTED. 

5.  From  digital  input  change  to  90%  of  final  analog  output.^ 


6.   All  digital  inputs  =  OV  to  Vpp;  or  Vpn  to  OV. 

7    Logic  inputs  are  MOS  gates,  typical  input  current  (at  -i-2S*'C)  is  less  than 
InA. 

8.  Sample  tested  at  +25°C  to  ensure  compliance. 

9.  Chip  select  CS  must  be  coincident  or  present  before  and/orafter  writsWR; 
thatis,tcs£t„R,  toHSO 


REVtC 


DIE  SIZE  0.102  X  0.100  inch,  10,200  sq.  mils 
|a.S»X2,Silinin,  6.S8  aq.  flim) 


WM^R  Tl^  UMI^  at  Ta^^^C,  Vpo^ -^5  or^5V.  Vr#;=^+10V,  Vqut^  OV,  agnd  -  dgnd 

=  0V. 

~          '  PM-7545G/PM-7645G 
COMCNTIO^,,  ,  LIMIT 

uNm 

Relative  Accuracy 

-  JNI  

Endpoint  Uneactty^Eiroc- . 

±1/2 

LSBMAX 

Differential  Nonlinearity 

DNL 

 '  fr-T  

+1/2 

LSBM/0( 

 B«B  tiSffliwiaaawrwwiln  imiin 

±5 

LSBMAX 

Output  Leakage 

'lkg 

DAC  LatcMs  Lcadeiif  wWi  0000  ooeo  OOCX) 
Pad1  "      "       "  ' 

±10 

'  "-kAMAX 

Input  Resistance 

"ref 

Pad  19                                                     .  J 

7/16 

kn  MiN/kn  MAX 

Digital  Input 
High 

ViNH 

2.4 
13.5 

'  V  MIN 

Digital  Input 

0.8 
1.5 

-  VMAX 

pfgttal  Input 

^    ,i  Hesiey^.  Pliih7645  only 

2,4 

-  ,c.VMIN 

Digital  Input 
..  Low 

V|NL 

VoD  =  1SV  PM-764S  only 

0.8 

VMAX 

Input  Current 

'fN 

V|N  =  OVorVDD 

±1 

/>AMAX 

Supply  Current 

'do 

All  Digital  Inputs  Vj^^^  or  Vj^j^ 
All  Digital  Inputs  OV  or  Vgo 

2 
0.1 

mAMAX 

DC  Supply  Rejection 
(AGain/AVoo) 

PSS 

0.002 

NOTE: 


Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 


j 


REV.  C 


MRAMETER 

9^msk^  

PM-7545G/PM-7645G 
TYPICAL 

UNITS 

DiQ^f&l  Input  Csp&citBnco 

PF 

Output  Capacitance      ' . 

-QouT 

DAC  Latches  Loaded  with  0000  0000  0000 

50 

pF 

QAQ  Latches  Loaded  with  1111 1111 1111 

119  .steae  Ito^  !o  =  • 

Propagation  Delay 
'   (Notes  2. 3. 4) 

Vdd  =  15V 

VoD  =  SV  PM-754Sonly 

140 

230 

ns  ■ 

NOTES: 

1.  These  characteristics  are  for  design  guidance  only  and  are  tt&ial^e^  to  test. 

2.  From  digital  input  change  to  90%  of  final  analog  output. 

3.  OUT  load  =  100a  Cext  =  13pF.  I 

4.  OS  =  WR  =  0,  DBO  to  DB11  =  OV  to  Vpo  or  Voo  to  OV.  ' 


7YPICii^,  F>|||!^gB||||4P^  CHARACTERISTICS 


•J  I 


FULL-SCALE  GAIN  ERROR 
vs  TEMPERATURE 


1  1 

Vdd  =  15V 

-75    -50    -25     0      25     SO     7S     100  125 
TEMPERAIUREn:} 


LOGIC  THRESHOLD  VOLTAGE 
vs  SUPPLY  VOLTAGE 


:  safUeiioTiosifc^ 


"OUTPUT  LEAKAGE  CURRENT 
vs  TEMPERATURE 


REV.G 
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MRAMETER  DEFINITIONS 


LAfOl^lffill^C   -  ^  .  

Sometimes  referred  to  tai!Ml^MSh('«mWIIMty,  and  is  a 
measure  of  the  maximuin  aBWBBbn  frow  aaatlgMt  tine  passing 
thrj>ugli  the  endpoints  of  it^e  I^^C  tnaisfer  funetion.  Relative 
Accuraeif  te  measwed  ttfter  thezera-andioH^^  points  have 
been  adjusted,  and  is  nohnally  expressed,  in  XSB  or  as  a 
percentage  of  full  scale.  ' 

DIFFERENTIAL  NONLINEARITY 

^  This  is  the  difference  between  the  measured  change  and  the 
ideal  change  between  any  two  adjacent  codes.  A  differential 
nonlinearity  of  ±1  LSB  maximum  over  the  full  operating  tem- 
perature range  will  ensure  that  a  device  is  monotonic  (the 
output  will  increase  for  an  increase  in  digital  code  applied). 

GAIN  ERROR 

Gain  or  full  scale  error  is  the  amount  of  output  error  between  the 
ideal  output  and  the  actual  output.  The  Ideal  output  is  Vrep 
minuslLSB. The  gain  error  isad|ustable  to  zero^ing  external 


IjOGIC  INFORNUOraM 

JiaGffiJSKCU  TIMINGDIAORAIM 


CjUTPUT  CARACITANCE  " 

The  capacitance  from  OUT  8^ 


ID. 


^NPELAY 

bm  the  digital  input  chang^  to  t|ie  ar^atog  I 
p^Surrent  reaching  90%  of  its  final  value,  j  | 

3ITAL  CHARGE  INJECTION 

This  is  a  measure  of  the  amount  of  charge  injected  to  the  analog 
output  from  the  digital  inputs,  when  the  digital  inpu^  change 
states.  It  is  the  area  of  the  glitch  and  is  speclfteSlfn^teec;  it  is 
measured v»ith  VHEir  =  AGND.  _  __ 


BURN-IN  CIRCUIT 


IVVTAIN 
IIMM»11I 


MODE  SELECTION 


WRITE  MODE: 

S  AND  9lH  LOW,  DAC  RESPONDS 
TO  DATA  BUS  (I»(M>B11)  INPUTS. 


HOLD  MODE: 

EITHER  ^  OR  WR  HIGH.  DATA  BUS 
(DB0-DB11)  IS  LOCKED  OUT;  DAC 
HOLDS  Um  DAJA  PRESENT  Wm 
WR  OR  ^ASSA^O  HIGH  STAfC 


NOTES: 

Vdd  =  +5V;  t,  =  t,  =  20ni 

VDD  =  *15V:t,=t,  =  40n«  ' 

ALL  INPUT  SIGNAL  RISE  iUID  t^ALL  TIMES  MEASURED  FROM 
10%  TO  90%  OF  Vqd-  i'.    '.  ■:        «  +W 

TIMING  MEASUREMGKr  ^FERBN!;^  l.£Vg.  Jj^IUlI-llL. 


l>M-7S46  USES      INPUT  LOISIC  HIGH  OF  S  VOLTS. 


i^&m^simR  sE^ioN 

HGUftB1:|Sln^iHied  Dii^b^it  of  r>M-7S45 


Figure  1  shows  a  simplified  circuit  of  the  D/A  Converter  section 
and  Figure  2  gives  an  approximate  equivalent  switch  circuit.  R  is 
typically  11  i<a 

The  binary-weighted  icurrents  are  syvitched  between  OUT 
and  AGND  by  N-cnah'rfiTSiiritches.'thusmairitaining  a  constant 
current  in  each  ladder  leg  independent  of  the  switch  state. 

The  capacitance  at  the  OUT  terminal,  Cqut.  is  code  dependent 
and  varies  from  70pF  (all  switch^  to  AGND)  to  ISOpF  (all 
switches  to  OUT).  One  of  the  cuVrent  switches  is  shown  in 
Figure  2. 

The  input  resistance  at  Vref  (Figure  1 )  is  always  equal  to  Rldr 
(Rldr  is  the  R/2R  ladder  characteristics  resistance  and  is  equal 
to  value  "R").  Since  the  input  resistance  at  the  VRgp  pin  is 
constant,  the  reference  terminal  can  be  driven  by  a  reference 
voltage  or  a  reference  current,  ac  or  dc,  of  positive  or  negative 
polarity.  (If  a  current  source  is  used,  a  low-temperature- 
coefficient  external  Rfb  is  recommended  to  define  scale  factor) 
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The  internal  feedback  resistor  (Rfb)  has  a  normally  closed 
switch  in  series  as  shown  in  Figure  1.  This  switch  improves 
performance  over  temperature  and  power  supply  rejection; 
however  when  the  eiiteuitl^ticrt  powered  lip  the  switch  assumes 
an  open  state.     •         •   /.  ■  ■    •  , 


FIGURE  2:  N-Channel  Current  Steering  Switch 


FROM 
INTERFACE 
LOGIC 


AGND  OUT 


DIGITAL  SECTION 

Figure  3  shows  the  digital  structure  for  one  bit.  The  digital 
slgnals_  CONTROL  and  CONTROL  are  generated  from  OS 
andWR 


FIGURE  3:  Digital  Input  Structure 


TO  AGND  SWITCH 
TO  OUT  SWITCH 


CONTROL      '  CONTROL 


not  required.'  CalpStitor  C1  provides  phase  compensation  and 
helps  prevent  overshoot  and  ringing  when  using  high  speed  op 
amps.  The  circuits  of  Figures  4  and  5  have  constant  input 

impedance  at  the  V^gp  terminal. 

The  circuit  of  Figure  4  can  either  be  used  as  a  fixed  reference 
D/A  converter  so  that  it  provides  an  analog  output  voltage  in  the 
range  0  to -V|N  (the  inversion  is  introduced  by  the  op  amp);  or  V|m 
can  be  an  ac  signal  in  which  case  the  circuit  behaves  as  an 
attenuator  (2-Quadrant  Multiplier).  Vi^  can  be  any  voltage  in  the 
range  -20  <  V|m  <  +20  volts  (provided  the  op  amp  can  handle 
such  voltages)  since  '^ne.f  permitted  to  exceed  Vqq.  Table  2 
8lioW8-the  eode  tetetienahip  ter-tfie  <af^il^^^^^fo^:  —  ■  - 

FIGURE  4:  Unipolar  Binary  Operation 


TABLE  1:  Recommended  Trim  l^eslstor  Value  vs.  Grades  I 

TRIM 

RESISTOR 

OR            HP/FR/BR  GP/ER/AR 

R1 

20on          100Q  2on 

R2 

68Q               33Q  6.8Q 

The  input  buffers  are  simple  CMOS  inverters  designed  such 
that  when  the  PM-7545  is  operated  with  Vdd  =  5V,  the  buffers 
convert  TTL  input  levels  (2.4V  and  0.8V)  into  CMOS  logic  levels. 
When  the  digital  input  is  in  the  region  of  1.0  volts  to  6.0  volts,  the 
input  buffers  operate  in  their  linear  region  and  draw  current 
from  the  power  supply.  To  minimize  power  supply  currents,  it  is 
recommended  that  the  digital  input  voltages  be  as  close  to  the 
'supply  rails  (Vdd  and  DGND)  as  is  practically  possible.  The 
PM-7545  may  be  operated  with  any  supply  voltage  in  the  range 
5  <  Vdd  ^  15  volts.  With  Vqd  =  +15V,  the  Input  logic  levels  are 
CMOS  compatible  only,  I.e.,  1.5V  and  13.5V  The  PM-7645 
operates  with  Vdd  =  15V  only;  the  buffers  conwrt  TTL  input 
levels  (2.4V  and  0.8V)  Into  CMOS  logic  levels. 


TABLE  II:  Unipolar  Binary  Code  Table  for  Circuit  of  Figure  4 


BINARY  NUMBER  IN 
DAC  REGISTER 

ANALOG  OUTPUT 

1111 

1111 

1111 

-V|N  • 

f  4095  \ 
I  4096  J 

tOOO- 

0000 

OOOOL. 

-V,N  • 

{|§i}  =  -i/.v.,^ 

0000 

0000 

0001 

-V|N  ■ 

{  4096  } 

0000 

0000 

0000 

0  Volts 

BASIC  APPLICATIONS 

Figures  4  and  5  show  simple  unipolar  and  bipolar  circuits  using 
the  PM-7545/PM-7645.  Resistor  R1  is  used  to  trim  for  full  scale. 
The  following  versions  (PM-7545AR,  PM-7545ER,  PM-7545GP) 
have  a  guaranteed  maximum  gain  error  of  ±1  LSB  at  +25°C  and 
Vdd  =  +5V,  and  In  many  applications  the  gain  trim  resistors  are 
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uses  offset  binary  code.  The  inverter  U,  on  the  MSB  line, 
converts  2's-complement  input  code  to  offset  binary  code.  The 
inverter  Ui  may  be  omitted  if  the  inversion  is  done  in  software. 

R3,  R4  and  R5  must  match  within  0.01  %  and  should  be  the  same 
type  of  resistors  (preferably  wire-wound  or  metal  foil),  so  that 
their  temperature  coefficients  match.  Mismatch  of  R3  value  to 
R4  causes  both  offset  arid  fuyj|^j^er|^^^^j^g^tc^o|,(^,tQ 
and  R3  causes  full  spal^  sij^Cwsp'^''         i  '    '>*  *  -rf'nii^ 


it-b' 


raHe  for  Circuit  c 


DATA  INPUT 

ANALOG  OUTPUT 

-Jill  _J.111- 

f  2047  \ 
-  I  2048  J   i 

0000 

0000  0001 

 c —  

I  2048  J 

0000 

0000  oopo 

0  Volts 

1111 

1111-^.  .^Iji 

{  2048  J  : 

1000 

0000  odsb. 

f  2048  \ 

I  2048  J  1 

uwputWHfi^  AtlMUSUAGonverters  exhibit  a  code-dependerrt 
output  resistance  that  causes  a  code-dependent  error  voltage 
at  the  output  of  the  amplifier.  The  maximum  amplitude  of  this 
offset,  which  adds  to  the  D/A  converter  nonlinearity,  is  0.67  Vqs 
where  Vqs  is  the  amplifier  input-offset  voltage.  To  maintain 
monotonic  operation,  it  is  recommended  that  Vqs  be  no  greater 
than  10%  of  1  LSB  over  the  temperature  range  of  operation.  ■ 

GeiMcal  Graund  MaMgement  AC  or  transient  voltages  be^ 


twsen  A<aNO  and 
analog  output.  T|ie{ 
ASND  and  D0ND 
Itogetherotthe 
idlodes  (1N914  or 
ib^ween  AGND  and 


CfSn  cause  noise  injection  into  the 
of  ^suring  that  voltages  a^ 
{£^ual..is  to  tte5>yt3ND  and  DGND 
'M-764S.4tjs{c^:^mended  ttiat  two 
lent)  b^-cbfinected  in  inverse  paratlef 
iND  pins  in  complex  systems  where 
{AGND  and  DGND  tie  on  the  backplane. 

Digital  GlltchaK-msfrWRand  CSare  both  lowcthelatches  ere 
transparent  and  the  D/A  converter  inputs  follow  the  data  inputs. 
Some  bus  systems  do  not  always  have  <i^^y^i4  .Tf^^^ 
period  during  which  WR  is  lOw.  This  will  ailow'invaiiq  data  to 
btjefly  appew  at  this  i3ii)fC  8^iLiti.dUiin3  the  iwrite  cycle.  This  dan 


I  bAC  but^t.  Retiming  the  write 
pulse  WFI,  so  that  it  only  occurs  when  data  is  valid,  will  eliminate 
the  problem. 


'NQUKE  5:  Bipolar  Operation  (2's  Complement  Code) 


p — - 
UI  A 

(SEE  TEXT)  I   
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INTERFACING  THE  PM-7545/PM-7645  TO 
MICROPROCESSORS 

The  PM-7545  can  be  directly  interfaced  to  either  an  8  or  16-bit 
microprocessor  via  its  1 2-bit  Wide  data  latch  using  the  CS  and 
WR  control  signals. 

An  8-blt  processor  Interface  configuration  Is  shown  In  Figure  6. 
It  uses  two  memory  addresses,  one  for  the  lower  8-bits  and  one 
for  the  upper  4-bits  of  data  into  the  DAC  via  the  latch. 

FIGURE  6:  S-Bit  Processor  to  PM-7545/7645  Interface 


LATCH 


— K  DB11 


WR 
DB7 


8-BIT  DATA  BUS 


■Qq  =  DECODED  ADDRESS  FOR  DAC 
•a,  ■*  DECODED  ADDRESS  FOR  LATCH 


Connection  to  an  8-bit  processor  with  a  full  1 6-bit  wide  address 
bus  (such  as  the  6800,  8080,  Z80)  is  shown  in  Figure  7.  The  12 
lower  address  lines  are  fed  directly  to  the  PM-7545;  this  allows 
the  PM-7545  to  use  4k  bytes  for  its  address  location.  The 
address  field  of  the  instruction  is  organized  so  that  the  lower 
12-bits  contain  the  DAC  data.  Data  Is  written  info  the  DAC  using 
a  single  write  instruction. 

FIGURE  7:  Connecting  the  PM-7545/7645  to  an  8-Blt  Micro- 
processor via  the  Address  Bus 


16-BIT  ADDRESS  BUS 
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DEVICES 


^    ^  CMOS  12-Bit 

iMffered  Multiplying  DAC 


AD7545A 


FEATURES 

Improved  Version  of  AD7545 
Fast  Interface  Timing  , 
All  Grades  12-Bit  Aippwatl 
Small  20-Pin  OJ*ilP 
Low  Cost 


GEI^fV^  OBSCRIFTIOK 

The  Ai]i7S45A,  a  12-bit  CMOS  mutdplying  DAC  with  intenial 
data  latches,  is  an  improved  version  of  die  industry  standard 
AD7S4S.  This  new  design  features  a  WK  pulse. width  of  100  ns 
which  allows  interfacing  to  a  much  wider  range  of  fiist  8-bit  and 
16-bit  microprocessors.  It  is  loaded  by  a  single  i2-bit-wide  word 
under  the  control  of  the  CS  and       inputs;  tying  these  control 
inputs  low  makes  the  input  latches  transpaiem  allowing  unbuf- 
fered operation  of  the  DAC. 


Vref 


A0754SA 


12  BIT 
MULTIPLYING  DAC 


3£: 


INPUT  DATA  LATCHES 


AS- 


0UT1 
AGND 


Vdd 
DGND 


(  0B11-OB0 


DIP 


id 


otrn 

AOND 

DQND  \T 
DBIKMSB)  [T 

DB10  ^ 
OBB  ^ 
DBS  [T 
DB7  ^ 
DB6  [T 
DBS  flO 


A07545A 
TOP  VIEW 


«]  vitw 

l7|  WR 

"iT]  cs 

isl  DBO(LSB) 
l7|  D81 
iT]  DB2 
"tT]  063 
l7|  0B4 


PUf  CONFIGURATIOliS 
LCCC 


PLCC 

Q  Q  - 

Z  Z  H  n  S; 

O  (9  3  "  a 

Q  <  O  OC  > 


AD754SA 
TOP  VIEW 
INotToScalal 


LJHHIhJIhI 

a   □   □  S  S 


53' 

is]  i 

i3' 


;jJiX  or-  I 
sal 


mf.  A 


VersfOB 


.*m:T^-T„ 


UiAs 


STATIC  PERFORMANCE 
Resolution 
Relative  Accuracy 

L. 

Diffenntial  Nonlineariiy 


Q^o  Soot 


12 

±V2 
±1/2 
±1 

±3 
±1 
±5 
±2 

6.m 

10 
10 

10 


12 

±1/2 
±U2 
±1 

±4 
±2 
±5 
±2 

0.004 

50 
50 
200 


12 

±1/2 
±1 

±3 

±5 
±2 

0.002 

10 
10 
10 


12 

±1/2 

±1 

±4 

±2 
±5 
±2 

0.004 

50 
50 
200 


Bits 

LSBmax 
LSBmax 

LSB  maz 

LSB  max 
ppni/°C  max 
ppm/^  typ 

%per%max 

nA  max 
iiA  max 
nA  max 


All  Grades  Guaranteed  12-Bit 

Monotonic  Over  Temperature 
Measm^  Using  Internal  Rpg. 
DAC  Register  Loaded  vrith  All  U. 


AVb, 


:  ±5% 


DBO-DBll  =  OV;  WR,  CS  =  OV 


DYNAMIC  PERFORMANCE 
Cunent  Settling  Time' 


FtOMMte  Oday'  (from  Digital) 
I^Cbniaeta90% 
if  Knt  AnaloK  Ouput) 
DjtMNo-Aaaiog  GUidi  Iqnbc' 


AC 


All 


AU 
All 


AB 


200 
i 


ISO 
5 


ns  max 
nV  sec  typ 


mVp-ptn> 


SMK^SrCS  INPUT 

Input  Resistance 
(Pin  19  to  GKD, 


To  1/2LSB.  OUTl  Load  =  100ft, 
Cext  =  13pF.  DAC  ou^t  '"""^ffflf 
fiom  Ming  edge  ofW.  C5  =  OV. 


OUTl  Load=  lOOfl,  Cext  =  HpF' 
Vrbf  =  AGND.  OUTl  Load=100n, 
Cbjct  =  13pF.  DAC  Register 
Alternately  Loaded  with  All  Os  and  All  It. 


10 

20 


10 
20 


kn  min 
kft  max 


Input  Resistance  TO  =  -300ppni/°C  typ 
Typical  Input  Resistance  -  ISkft 


ANALOG  OUTPUTS 
Oinpnt  Capaciiance' 

CoUTl 
CoUTl 


70 
150 


70 
ISO 


70 
ISO 


70 
ISO 


pFmax 
pFmu 


DBO-DBU  =  OV,  WR,  CS  =  OV 
DBO-DBU  =  Vdd.  ^,JS  =  OV 


DIGITAL  INPUTS 

Input  Low  Voltage 

V„. 

Input  Current' 
IiN 

Input  Capacitance^ 
DBO-DBU,  WR.CS 


AU 

AU 
AU 

AU 


2.4 

0.8 
±1 


2.4 


13.5 

1.5 

±1 

t.  


il3.S 

j  "'at 

1,4  ^ 
)  .. 


Vmi 
Vnu 
|iAi 
pFa 


V„^OorV„ 


SWITCHING  CHARACTERISTICS' 
Chq>  Sdect  to  Wtiie  Setup  Time 
«cs 

Chip  Select  to  Write  Hold  Time 

Writt;  Pulse  Width 
Vk 

Data  Setup  Time 
Ids 

Dun  Hold  Time 


K,  B,  L,  C 
T,U 

AU 
K,  B,  L,  C 
T,U 

AU 

AU 


100 
100 

0 

100 
100 

100 

5 


130 
170 

0 

130 
170 

150 

5 


8S 
9S 

0 

85 
95 


nsnun 
ns  min 


ns  nun 
ns  min 


See  Uming  Diagnm 


POWER  SUPPLY 
VoD 


AU 
AU 


S 
2 

100 

10 


5 
2 

100 
10 


15 
2 

100 
10 


15 

2 

100 
10 


V 

mA  max 
iiA  max 
liAtyp 


±5%  for  Specified  Performance 
All  Digital  Inputs  V,l  or 
AU  Digital  Inputs  OV  or  Vnn 
AU  Diiptal  Inputs  OV  or  Vqo 


NOTES 

*Temperanire  Ranges  as  foUm>K  K,LVenion>=  0  to +70^  B,  0  Vemou  = -25Xlo +8S'C;  T,  UVenians  = -SS^iU -(•imx 
'Sample  tested  to  ensure  cQmpiiance. 
'DBO-DBll  =  OV  to  VoD  or  V^o  to  OV. 

^Feedthrough  can  be  fiirther  reduced  by  coimecting  the  metal  Ud  on  the  ceramic  plirHgr  to  D&fD. 
'Logic  inputs  aie  MOS  gates.  Typical  input  cuiient  (+2SX)  is  less  than  InA. 
SpedScaioiis  aubiect  to  diaage  mdwut  unke. 
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WRITE  CYCLE  TIMING  DIAGRAM 


I  I   <CH    I  MODE  SELECTION 

  V  \»  •     to  .  I  .  ^  y  VdD 

CHIP                          '   •  •-  X                                 WRITE  MODE:  HOLD  MODE: 

SELECT              >  ^              0                 ISaidWRIMr.DACmnin*   EMMrSSorWS  hjgh.dittlwi 

,  ,                                            WiAablH(DB0-OB11)llviitt.  (DB0-OB11liilodcMlout;OAC 

I  -        «- —  i  hoidi  iMt  data  niBHI  whan 

,  WRorS«M»iidliWi«l«». 

WRITE  X.  X  n 

>  ^ItPH  C  NOTES:  .  ...        '  '  ' 

I  .       -n-       ■     111  i,  i      l\i  VDD-*5V;t,- 1,-201.. 

nsTA  iN^^^^  \.jt\/.t.  V  .^^'^■S ♦W  All  input ilBnil  riMnidM llnnt  imaund from  10%..^ 

ABSOLUTE  MAXIMUM  RATINGS*                        |  'V ''  ,  '"!!''"                                         .  '  '    -j''.  .. 
(Ta  =  +  25°C  unless  otherwise  noted) 

VoDtoDGND  -0.3V,  +  17V  Operating  Temperature 

Digital  Input  Voltage  to  DGND    ....    -0.3V,  Vdd  +  0.3V  Commercial  (KN,  LN,  KP,  LP)  Grades  ...  .  0to+70°C 

Vrfb,  Vref  to  DGND  ±25V  Industrial  (BQ,  CQ,  BE,  CE)  Grades  .  .  .    -25°C  to  +85°C 

VpTOi  to  DGND                                  -0.3V,  Vdd  +0.3V  Extended  (TQ,  UQ,  TE,  UE)  Grades           55°C  to  +  125°C 

AGNDtoDGND   -0.3V,  Vdd  +  0.3V      Storage  Temperature  «kJ  to  +  ISO'C 

FOner  Dissipadon  (Any  Package)  to  7S°C  4S0mW      Lead  Temperature  (Soldering,  lOsec)  +300°C 

Denttesdwve  TS-Cby  tmWK  ,                   ,  r«,,^»««^v  ...  ..  .. 

*Sfri.«;f<i  ahnvf  fhn<Lt>  li<ifM  im«i«ir  '*AtiMilnt^  Mwitniim  Bathigg**  may  raiw  [ipihi^iiT  (friMflt'tlVThr  J^"H' T^Thiyn'yifrilW^rMlllf  Hllfr 

and  functional  operauon  at  or  above  this  q»dficatkn  is  oot  ioiplied.  EjqioiiiK  to 
may  affect  device  reliability. 

CAUTION   mrrr^mrrm 

ESD  (electrostatic  discharge)  setisitive  device.  The  digital  control  inputs  are  diode  protect-  HuTfifllTTTTT 
ed;  however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy 
electrostatic  fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective 
foam  should  be  discharged  to  the  destination  socket  before  devices  are  removed. 


CIRCUIT  INFORMATION  -  D/A  CONVERTER  SECTION 

Figure  1  shows  a  simplified  dicuit  of  the  D/A  converter  section 
of  the  AD7S4SA,  and  Figure  2  ghfcs  an  approximate  equivalent 
circuit.  Note  that  the  ladder  twmiiiatinn  re^jgtw  is  connected  to 
AGND.  R  is  typicaUy  ISUl. 

Tta  bimoy  weighted  currents  are  switched  between  the  OUTl 
bus  line  and  AGND  by  N-channd  switches,  thus  maintaining  a 
constant  current  in  each  ladder  leg  independent  of  the  switch 
state. 


Figure  1.  Simplified  D/A  Circuit  of  AD7545A 

The  capacitance  at  the  OUTl  bus  line,  Cqutii  is  code  dependent 
and  varies  from  7Q^  (all  switches  to  AGND):  n>!  1§^^  ^ 
switches  to  OUTl). 

One  of  the  current  switches  is  shown  in  Figiure  2.  The  input 
resistance  at  Viusf  (Figure  1)  is  always  eqiud  to  R.  Since  Rin  at 


by  a  le&ience  voltage  or  a  reference  current,  ac  or  dc,  of  positive 
orne^iliVepQlariQr.  (If  a  oirrent  source  is  used,  a  low  tempentuic 
ceefficia^,^j|^iul  |tfB  is  recommended  to  dc&ie  scale  bctnr.) 


FROM 
i'WTERFACE 

logic 


P 


Figure  2.  N-Cfiannel  Current  Steerirtg  Switch 

(MCUiT  INFORMATION  -  DIGITAL  SECTION 
Figure  3  shows  the  distal  structure  for  one  bit. 

The  digitrt  mbJi  OCtNTROL  and  uOnTJUHL  «e  gj^ented 
bonreSand  VR:    -        —  - 
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FigufB  3.  Digital  Input  Structium 
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The  input  buffers  are  simple  CMOS  inverters  designed  such 
that  when  the  AD7S4SA  is  opcated  with  Vdd=SV,  the  buffers 
convert  TTL  input  levds  (2.4V  and  0.8V)  into  CMOS  logic 
levels.  When  Vim  is  in  the  region  of  2.0  volts  to  3.S  volts,  the 
input  buffers  operate  in  their  linear  region  and  ^am.eaaeat 
from  the  power  supply.  To  minimi?r  power  tx^p^^egeuKbi  St  is 
recommended  that  the  digital  input  volta^  bie'l^  if^l^^llie 
supply  rails  (Vdd  and  DGND)  as  is  practically  possible. 

The  AD7545A  may  be  operated  with  any  supply  voltage  in  the 
range  5sVdd*15  volts.  With  Vdd=  +  15V  the  input  logic 
levels  are  CMOS  compatible  only,  i.e.,  1.5V  an^  13.5V. 

BASIC  APPLICATIONS 

Figures  4  and  S  show  simple  imipolar  and  bipolar  circuits  using 
the  AD7S4SA.  Resistor  Rl  is  used  to  trim  for  full  scale.  The  L, 
C,  U  glades  have  a  guaranteed  maTimnm  gain  error  of  ±  ILSB 
at  +2S°C,  and  in  many  applications  it  should  be  possible  to 
di^iehse  with  gam  BinaaMOseort  ^tbgeduX.  Capadtor  CI  provides 
j^iage  compeSsnd/iai  and  U^'^a^n^it^flvesdibcS'inid  tinging 

4,'  S^a^  6  have  ccHislant  input  impeimieW^  Vtmp''- 
terminal. 

The  circuit  of  Figure  4  can  either  be  used  as  a  fixed  reference 
D/A  converter  so  thatit^piovides  an  anidiog'mi^uC  vottage^b 
the  range  0  to  —Vjs  (itoli  the  inversion  introducedljy  the  op  ' 
amp)  or  Vim  can  be  an  ac  signal  in  which  case  the  circuit  behaves 
as  an  attenuator  (2-Quadiant  Multiplier).  Vik  can  be  any  voltage 
in  the  range  — 20<Vik<  +  20  volts  (provided' the' ep  amp  can.i ;  i 

handle  such  voltages)  since  Vref  is  permitted ;lg. exceed  Vg^  vji  /r  b  o;::.>ni::---ii'  xv  iinrs  -v 
Table  II  shows  the  code  relationship  farltaMckiptf  IC^pite  4i  t  >. 


Figure  S  and  Table  III  illustrate  the  recommended  circuit  and 
eode  relationship  for  bipobr  operation.  The  D/A  fimctkn  indf 
uses  ofiset  binary  code,  and  invener  Ui  on  the  MSB  line  cdnvertt 
.2'$  g^jj^onent  input  code  to  offsM  .t^tuj.0ode.  If,appoptaitt> 
inveniao^ the  MSB  may  be  dmie  in  sofiwm:  loing an%^BH?e 
-OR  instruction  and  lite  inverter  e«n«BeAR3,  R4 
mjjst  be  seleaed  to  match  within  and  fl^  dmaM  be  the 

ua^'i^^eof  resistor  ({MSEaitti^  wS^i^S^t  or  ^^>. 
diK  ttdr  temperature  witfficiBnBi  nmdi.  Mimiatch  olxS^tae 
to  R4  caalses  both  ofGtet  and  fiill-scale  error.  Mismatch  of  RS  to 
R4«KHl3"cajises  full-scale  error.  -  •.(/,. 

■■'  "HtFER  TO  TABLE  1. 


Figure  5.  Bipolar  Operation  (2's  Complement  Cqdel,i^ 
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Figure  4.  Unipolar  Binary  OparBtkm 


TRIM 

RESISTOR 

K.B.T 

L,C,U 

Rl 

son 

2on 

R2 

6.8n 

Table  I.  Recommended  Trim  Resistor  yf^/f(^ys.^ra^a^ 


'Analog  Output 


1111 

1111 

1111 

100>0 

0000- 

0000 

0000 

0000 

dOtti 

0000 

0000 

0000 

Table  III.  2's  Complement  Code  Table  for  Circuit  of  Figure  S 

Figure  6  shows  an  alternative  method  of  achieving  bipolar  outplit'. 
The  circuit  operates  with  sign  plus  magnitude  code  and  has  die 
advantage  that  it  gives  12-bit  resolution  in  each  quadrant  compared 
with  11-bit  resolution  per  qtiadrant  for  the  circuit  of  Figure  5. 
The  AD7592  is  a  fully  protected  CMOS  change-over  switch 
with  data  latches.  R4  and  R5  should  match  each  other  to  0.01% 
to  maintain  the  accuracy  of  the  D/A  converter.  Mismatch  between 
R4  and  R5  introduces  a  gain  error.  Refer  to  Reference  1  (sup- 
plemental application  material)  for  additional  information  on 

mim  i  ti — ^  ^~*r— — '  i 
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IIiMb  ir.  Unipolar  OnaryCotle  Table  for  CMlt  of  nguM  4 
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adtHa 


Sign 
Kt 

Binary  Numbers  in 
DAC  Register 

Analog  Output 

0 

1111 

nil 

nil 

•  {l§i} 

0 

0000 

0000 

0000 

0  Volts 

1 

0000 

0000 

0000 

0  Volts 

1 

nil 

nil 

nil 

„     .  /409S1 

Note:  Sign  bit  of  "0"  connects  R3  to  GND. 


Table  IV.  12-Bit  Plus  Sign  Magnitude  Code  Table  for 
Circuit  of  Figure  6 

AFPUCATION  HINTS 

Ontpot  OtEwt:  CMOS  D/A  converters  in  circuits  such  as  Figures 
4,  5  and  6  ediibit  a  code  dependent  output  resistance  which  in 
turn  can  cause  a  code  dependent  error  voltage  at  the  output  of 
the  amplifier.  The  maTimiini  amplitude  of  this  error,  which 
adds  to  the  D/A  converter  nonlinearity,  depends  on  Vos>  where 
Vos  is  the  amplifier  input  offset  voltage.  To  maintain  specified 
accuracy  with  Vkef  at  lOV,  it  is  recommended  that  Vos  he  no 
greater  than  0.25mV,  or  (25  x  10"*)  (Vref),  over  the  temperature 
range  of  operation.  Suitable  op  amps  are  ADS17  and  AD711. 
The  ADS  17  is  best  suited  for  fixed  reference  appUcations  with 
low  bandwidth  requirements:  it  has  extremely  low  offset  (lS0)tV 
max  for  lowest  grade)  and  in  most  appUcations  will  not  require 
an  offset  trim.  The  AD711  has  a  much  wider  bandwidth  and 
higher  slew  rate  and  is  recommended  fiw  multiplying  and  other 
applications  requiring  fast  settling.  An  offset  trim  on  the  AD711 
may  be  necessary  in  some  circuits. 

General  Ground  Management:  AC  or  transient  voltages  between 
AGND  and  DGND  can  cause  noise  injection  into  the  analog 
output.  The  simplest  method  of  ensuring  that  voltages  at  AGND 
and  DGND  are  equal  is  to  tie  AGND  and  DGND  together  at 
the  AD7S4SA.  In  more  complex  systems  where  the  AGND  and 
DGND  intertie  is  on  the  backplane,  it  is  recommended  that  two 
diodes  be  coimected  in  inverse  parallel  between  the  AD7S4SA 
AGND  and  DGND  pins  (1N914  or  equivalent). 

Invalid  Data:  When  WR  and  CS  are  both  low,  the  latches  are 
transparent  and  the  D/A  converter  inputs  follow  the  data  inputs. 
In  some  bus  systems,  data  on  the  data  bus  is  not  always  valid 
for  the  whole  period  during  which  WR  is  low,  and  as  a  result 
invalid  data  can  briefly  occur  at  the  D/A  converter  inputs  during 
a  write  cycle.  Such  invalid  data  can  cause  unwanted  signals  or 
gUtches  at  the  output  of  the  D/A  converter.  The  solution  to  this 
problem,  if  it  occurs,  is  to  retime  the  write  pulse  WR  so  that  it 
only  occurs  when  dau  is  vaUd. 

Digital  GUtches:  Digital  glitches  result  due  to  capacitive  coupling 
from  the  digital  lines  to  the  OUTl  and  AGND  terminals.  This 
should  be  minimized  by  screening  the  analog  pins  of  the  AD7S4SA 
(Pins  1,  2,  19,  20)  from  the  digital  pins  by  a  ground  track  run 
between  Pins  2  and  3  and  between  Pins  18  and  19  of  the  AD7S4SA. 


Note  how  the  analog  pins  are  at  one  end  (DIP)  or  side  (LCC 
and  PLCC)  of  the  package  and  separated  from  the  digital  pins 
by  Vdd  and  DGND  to  aid  screening  at  the  board  level.  On-chip 
capacitive  coupling  can  also  give  rise  to  crosstalk  from  the  ditigal- 
to-analog  sections  of  the  AD7545A,  particularly  in  circuits  with 
high  currents  and  fast  rise  and  fall  times.  This  type  of  crosstalk 
is  minimized  by  using  Vdd  =  +  S  volts.  However,  great  care 
should  be  taken  to  ensure  that  the  +5V  lued  to  power  the 
AD7S4SA  is  fiee  fixim  digitally  induced  ninsel 

TempentDK  CoefiSdents:  The  gain  temperature  coefBdent  of 
die  AD7S4SA  has  a  maximum  value  of  Sppm/°C  and  a  typical 
value  of  2ppin/°C.  This  corresponds  to  worst  case  gain  shifts  of 
2LSBs  and  O.SLSBs  respectively  over  a  100°C  temperature 
range.  When  trim  resistors  RI  and  R2  (such  as  in  Figure  4)  ate 
used  to  adjust  full-scale  range,  the  temperature  coefficient  of  Rl 
and  R2  should  also  be  taken  into  account.  The  reader  is  reCeried 
to  Analog  Devices  Applicaticni  Note  "Gain  Error  and  Gain 
Temperature  CoefBdent  to  CMOS  Multiplying  DACs",  Publi- 
cation Number  E630c-5-3/86. 

SINGLE  SUPPLY  OPERATION 

The  ladder  termination  resistor  of  the  AD7545A  (Figure  1)  is 
connected  to  AGND.  This  arrangement  is  particularly  suitable 
for  single  supply  operation  because  OUTl  and  AGND  may  be 
biased  at  any  voltage  between  DGND  and  Vdd-  OUTl  and 
AGND  should  never  go  more  than  0.3  volts  less  than  DGND  or 
an  internal  diode  will  be  turned  on  and  a  heavy  current  may 
flow  which  will  damage  the  device.  (The  AD7545A  is,  however, 
protected  from  the  SCR  latchup  phenomenon  prevalent  in  many 
CMOS  devices.) 

Figure  7  shows  the  AD7545A  cormected  in  a  voltage  switching 
mode.  OUTl  is  connected  to  the  reference  voltage  and  AGND 
is  connected  to  DGND.  The  D/A  converter  output  voltage  is 
available  at  the  Vref  pin  and  has  a  constant  output  impedance 
equal  to  R.  RpB  is  not  used  in  this  circuit  and  should  be  tied  to 
OUTl  n>  minimize  stray  capodtance  effects. 
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Figure  7.  Single  Supply  Operation  Using  Voltage 
Switching  Mode 

The  loading  on  the  reference  voltage  source  is  code  dependent 
and  the  response  time  of  the  circuit  is  often  determined  by  the 
behavior  of  the  reference  voltage  with  changing  load  conditions. 
To  maintain  linearity,  the  voltages  at  OUTl  and  AGND  should 
remain  within  2.5  volts  of  each  other,  for  a  Vdd  of  15  volts.  If 
Vdd  is  reduced  from  15V  or  the  differential  voltage  between 
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OUTl  and  AGND  is  increased  to  more  than  2.SV,  the  differential 
nonlinearity  of  the  DAC  will  increase  and  the  linearity  of  the 
DAC  will  be  degraded.  Figures  8  and  9  show  typical  curves 
illustrating  this  effect  for  various  values  of  reference  voltage  and 
Vdd-  If  the  output  voltage  is  required  to  be  offset  from  ground 
by  some  value,  then  OUTl  and  AGND  may  be  biased  up.  The 
(effect  on  linearity  and  differential  nonlinearity  will  be  the  same 
IB  redudng  Vdd  by  the  amount  of  the  offset. 


>od.  -'  H  'nr.- 


-*,"■/. 


Figure  8.  Differential  Nonlinearity  vs.  Voo  for  Figure  7 
Circuit.  Reference  Voltage=2.5  Volts.  Stiaded  Area  Shows- 
Range  of  Values  of  Differential  Nonlinearity  that  Typically 
OcaUr  fbr  aU  Gradas.  '  ' 
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Figure  9.  Differential  Nonlinearity  vs.  Reference  Voltage 
for  Figure  7  Circuit  Vdd=  IS  Volts.  Shaded  Area  Shows 
Range  of  Values  of  Differential  Nonlinearity  that  Typically 
Occur  for  all  Grades. 

The  circuits  of  Kgures  4,  5  and  6  can  all  be  converted  to  single 
supply  operation  by  biasing  AGND  to  some  voltage  between 
Vdd  and  DGND.  Figure  10  shows  the  2's  Complement  Bipolar 
circuit  of  Figure  5  modified  to  give  a  range  from  +2V  to  +8V 
about  a  "pseudo-analog  ground"  of  5V.  This  voltage  range 
would  allow  operation  from  a  single  Vdd  of  +  lOV  to  +  15V. 
The  ADS84  pin-programmable  reference  fixes  AGND  at  +  SV. 
Vm  is  act  at  +2V  by  meuis  of  the  leries  teaxtaa  Rl  and  R2. 


Tbete  h  no  need  to  iia&x  liie  Vref  input  to  the  AD7S45A  with 
an  amplifier  because  the  input  ^n^eduj^'IpCtlifi  D/A  convenier 
is  constant.  Note,  however,  that  (moftdfe'Mo|ietatuie  coefiBdent 
of  the  D/A  reference  input  icsistanoe  is  typically  —  300ppni/X, 
applications  which  experience  wide  temperature  variations  may 
require  a  buffer  amplifier  to  generate  the  +  2  .OV  at  the  AD7S4SA 
Vref  pin.  Other  output  voltage  ranges  can  be  obtained  by  changing 
R4  to  shift  the  zero  point  and  (Rl  +  R2)  to  change  the  sk^, 
or  gain  of  the  D/A  transfer  function.  Vdd  must  be  kept  at  least 
3V  above  OOTl  to  ensi? 


I  ens|re  that  linear^  is.pies^ve4- 


Vbo-+10VnHiBV-- 


^mgure  10.  Single  Supply  'Bipoli»^  3^mJSdh0mmi«WA 
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MICROPROCESSOR  INTERFACING  OF  THE  AD7S4SA 

The  AD7545A  can  interface  directly  to  both  8-  and  16-bit   

microprocessors  via  its  12-bit  wide  data  latch  using  standard  CS 
and  WR  control  signals. 

A  typical  intct&oe  circuit  for  an  8-bit  processor  is  shown  in 
fSgms  II.  tlm  ammgrBihrait  uses  two  memory  ad^sfatM^pn^'^ 
for     knMr  8  Uts  ct      to  die iC^AC  an^  abt  IEoO»1#^'i 
iMiraf<&ai4bK>  aeDAei«i^^lt{^^   rj,!  be  xM&ir  -^^^ 


vdiK]  alivw  ^ 

Figure  11.  »-BH  Processotio  ADTSi^tmrt^ 

 •  ^-•'-ja;>k  -5<i 

Figure  12  diows  an  iilt«»tidve  approach  for  use  ^th  '8-l^' 
processors  which  have  a  Adl  16-bit  wide  address  bus  Midi  as 
6800,  8080,  Z80.  This  ttchniqne  uses  the  12  ktwer  address  linei 
of  the  processter  address  bus  to  sulqjly  data  to  the  DAC,  lSua 
each  AD7S4SA  connected  in  this  way  uses  4k  bytes  of  address 
locations.  Data  is  written  to  the  DAC  using  a  single  memory 
write  instructicm.  The  address  field  of  the  instruction  is  organized 
so  that  the  lower  12  bits  contain  the  data  for  the  DAC  and  the 
upper  4  bits  contain  the  address  of  the  4k  block  at  which  the 
DAC  resides. 
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Figure  12.  Connecting  the  AD7S4SA  to  S-Bit  Proeattttm 
via  the  Addmsi  Bitt 

SUPPLEMENTAL  APPLICATION  MATERIAL 

For  further  informatioii  on  CMOS  multiplying  D/A  converters 

the  reader  is  refenai  WlUm  teliamugtBmK 

Reference  1 

CMOS  DAC  Application  Guide  available  from  Atalag  ^eifititt. 
Publication  Number  G872a- 15-4/86. 

Reference  2 

Gain  Error  and  Gain  Temfieiatuie  Coefficient  of  CMOS 
Multiplying  DAlBf.-ftlg0taSim.Wm,  PidtUcatioii  ^m^lm. 
E630C-5-3/86. 

Reference  3 

Aiialog-DjptJjggwigaiBfc  (lUrifiM^awUbte 
from  1 


ORDERING  GUIDE^ 


Model^ 

Xcninciuue 
Range 

T  .  -T 

'■max 

Gain 

T  ■  - 

Package 

fintimi' 

AD7545AKN 

0°C  to  +70°C 

±1/2 

±4 

N-20 

AD7545ALN 

(K;to  +70°C 

±2 

N-20 

AD754SAKr 

(rCto  +7(rC 

±yz 

±4 

P-20A 

AD7S4SALP 

0°Cto  +70°C 

±1/2 

±2 

P-20A 

AD794SABQ 

-25°C  to  +85°C 

±1/2 

±4 

Q-20 

AD7545ACQ 

-25°C  to  +85°C 

±1/2 

±2 

Q-20 

AD7545ABE 

-25°C  to  +85°C 

±1/2 

±4 

E-20A 

AD7545ACE 

-25°C  to  +85°C 

±1/2 

±2 

E-20A 

AD7545ATQ 

-55°Cto  +125°C 

±1/2 

±4 

Q-20 

AD7545AUQ 

-55°Cto  +125°C 

±1/2 

±2 

Q-20 

AD7545ATE 

-55°C  to  +125"C 

±1/2 

±4 

E-20A 

AD7545AUE 

-SS'C  to  +125°C 

±1/2 

±2 

E-20A 

NOTES 

^Analog  Devices  leserves  the  rigltt  to  ship  ceramic  packages  in  lieu  of  cerdip 
packages. 

'To  order  MIL-STD-883C,  Class  B  processed  parts,  add  /883B  to  part  num- 
ber. Contaa  your  local  sales  office  for  military  data  sheet. 

'D  =  Ceramic  DIP,  E  =  Leadless  Ceramic  Chip  Carrier  (LCCC); 
N  =  Plastic  DIP;  P  =  Plaatic  Levied  Chip  Cairiei  (FLCC);  Q  =  Cerdip. 
For  oodine  iiifimiiaiinii  tee  ttdagt  InfiHinalkm  aectiiiB. 
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Parallel  Loadiig  Dij^  12-Bit  DM 


AD7547 


FEATURES 

Two  12-S!t  QACs  in  One  Package 
DAC  Ladder  Resistance  Matciiing:  0.5% 
Space  Saving  SIdnny  DIP  and  Surface 

■Mount  Packages 
4-Quadrant  iMuKipiication 
Low  Gain  Error  (1LSB  max  Over  Temperature) 
Fast  interface  Timing 

APPLICATIONS 
Automatic  Test  Equipment 
Programmable  HIters 
AudioApplicatiohs 
Synchro  Applications 

>  Control  '  ' 


GENERAL  DESCRIPTION 

The  AD7S47  contains  two  12-bit  current  output  DACs  on  one 
monolithic  chip.  Abo  on-chip  are  the  level  shifters,  data  legisters 
and  control  logic  for  easy  microprocessor  interfacing.  There  arc 
12  dau  inputs.  CSA,  CSB,  WR  control  DAC  selection  and 
loading.  Data  is  latched  into  the  DAC  registers  on  the  rising 
edge  of  WR.  The  devi^  is  qieei^,Q!>pim^^  vo^^nuist  micro- 
^""'  "^  m  CAiOS'tegfc 


processors  and  aocqnx  IhCt.,  74HC  t 
inputs.* 

The  0/A  converters  provide  4-quadrant  multiplication  capabilities 
with  separate  reference  inputs  and  feedback  resistors.  Monolithic 
construction  ensures  that  thermal  and  g^  ^rr^r  tracking  is  , 
OEceUmt.  l2*bit  m(»lQtciEiidt9  is  guaranteed  for  both  DACs  over 
.  Aejyi  tenqieraaiie  range.  \   :  : 

The  AD7S47  is  manufactured  using  the  Linear  Compatible 
CMOS  (LC^MOS)  process.  This  allows  &st  digital  logic  and 
precision  linear  drcoitry  to  be  fabricated  on  the  same  die. 


FUNCTIOI^  BLOCK  DIAGRAM 
— @  
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PRODUCT  HIGHLIGHTS 

1.  DAC  to  DAC  Matching 

Since  both  DACs  are  fabricated  on  the  same  chip,  precise 
matching  and  tracking  is  inherent.  Many  applications  which 
are  not  practical  using  two  discrete  DACs  are  now-posstble. 
Typical  matching:  O.S%. 

2.  Small  Package  Size 

The  AD7S4;7  is  available  m  0.3"  wide  24-pin  DIPs  and  SOIO 
and  in  2jt-tcxminal  surface  mount  packages. 

'S.  'S^  Ftnver  Supply  Tolerance 

.  Tbenteriffictieraiescma  +  12V  to  +  15  V  Vud,  with  *1(B() 
tolennoe  on  this  figure.  All  qxdficatnuil  aregoarah- 

teed  over  tins  range. 


''RtV.^'A 


AD7547 -SPECIFICATIONS 


1  (V„  =  +12V  to  +15»,  ±10%,  V„F.  =  V„„  =  lOVi       =  1,^  =  AGND 
=  OV.  Ml  specHteations  T„|„  to      unless  otbenrise  specifieil.) 


Parameter  ,  -  . 

LA 

K,B 
Versions 

L,C 

Versions 

S  Version 

T  Version 

U  VctSHNI 

Resohitmn 

12  " 

12 

12 

12 

12 

Bits 

Rdative  Accuracy 
Diffieroidal  Nontineaiity 

GaiaBtnrf' 

±1 

±6 

±1/2 
±1 

±3 

±1/2 
±1 

±1 

±1 
±1 

±6 

±1/2 
±1 

±3 

±1/2 
±1 

±2 

LSBinaz 
LSBmu 

LSBmax 

All  grades  gnaiameed  j 
moQotonic  over  tempcnmre.  • 

Measured  using  RpBAi  ^iBB* 

Both  DAC  raters  loaded 
withalll's. 

Gain  Temperature  Coefficient^ ; 

AGain/ATemperature 
Output  Leakage  Current 

s5 

±5 

±5 

±5 

±5 

±5 

ppm/°Cinax 

Typical  value  is  Ippm/^ 

IouTACPin2) 
+  25^] 

IoOTBCPin24) 
+25"C 
T„^toTo„ 

10 
ISO 

10 

150 

10 
ISO 

10 

ISO 

10 
150 

10 
150 

10 
250 

10 
250 

10 
250 

10 

250 

10 
250 

10 
250 

nAmax 
nAmaz 

nAmax 
nAmax 

DAC  A  R^ter  loaded 
withaUO*s. 

,  "•  -             ■          ■  ' 
DAC  B  R^isur  loaded 
with  all  O's. 

REFSffiNCE  INPUT 
Input  Resistance  (Pin  4,  Pin  22) 

9 

20 

9 

20 

9 
20 

9 
20 

9 

20 

9 
20 

kOmin 
kflmai 

Typical  Input  Resistance  =  14kfi 

Vrefaj  Vrefb 

Input  Resistance  Match 

+  3 

^3 

±3 

+ 1 

%maz 

Typically  ±0.5% 

DIGITAL  INPUTS 
ViH  (Input  High  Voltage) 
ViL  (fniiat  Low  Voltage) 
IiN  (Iiqmt  Current) 
+  25*t: 

TminloT™, 

Cm  (Input  Capacitance)^ 

2.4 
0.8 

2.4 
0.8 

2.4 
0.8 

2.4 
0.8 

2.4 
0.8 

2.4 
0.8 

Vmin 
Vmax 

±1 

±10 

10 

±1 

±10 
10 

±1 
:  10 
10 

±  :o 

10 

±1 

-:  10 
10 

±1 

10 

10 

III 

Vin  =  Vdd 

POWERSUPPLY? 
Vdd 

Idd  \ 

10.8/16.5 
2 

10.8/16.S 
2 

10.8/16.5 
2 

10.8/16.5 
2 

10.8/16.5 
2 

10.8/16.5 
2 

Vrain/V  max 
mAmax 

AC  PERFORMANCE  CHARACTERISTICS 

These  charactBiisttcs  are  included  for  Design  Guid^ 


Parameter 

Ta=  +25"C 

Uaits 

TeatCondilioH/Comamti  Ol 

Output  Cuirent  Settling  Time 

1.5 

(La  max 

To0.01%offiUl-scaleninge.IouTload=  100n,CExT=13pF.  ' 
DAC  output  measured  from  rising  edge  of  WK. 
Typical  Value  of  Settling  Time  is  0.8|i.s. 

Digiial-lD-AiMlBg  fililrh  Impnlar 

7 

nV-styp 

Meaiuredwith  Vrefa = Vrepb = OV.  Iouta>  Ioutb 
k>ad<'Mei6€wr=  13pF.  DACiegiltenaltenialely 
kiadcdwidiillO'samlall  I's. 

AC  Feedthrough' 

VreFA  to  loUTA 
VreFB  to  louTB 

-70 
-70 

-65 
-65 

dB  max 
dBmax 

VrefA)  VitEFB=20Vp-p  lOkHzsinewave.  DAC 

registers  loaded  with  all  O's.       ,                      ^.  .J 

Power  Supply  Reiection 
AGain/AVoD 

±0.01 

±0.02 

%pcr%max 

IP.  k:  -r-ii'l  oAbo-nf 

JiVDD  =  VDomax  -VoDiniii 

CoUTA 
CoUTB 
CoiTTA 
CoUTB 

70 
70 
140 
140 

70 
70 
140 
140 

pFmax 
pFmax 
pFmax 
pFmax 

DACA.DACBIoadedwiftlBO't. 
DAC  A,  DAC  B  loaded  with  aU  I's. 

VrhfaWIoctb 

VnEFBtOltJUTA 

-«4 

-84 

dBtyp 

dBtyp 

Vrefa  -  20V  p-p  lOkHz  sinewave,  ViiBra=OV. 
Botli  DACs  loaded  widi  aU  1  's. 
Vrefb  ■>  20V  p-p  lOkHz  sinewave,  Vrefa  -  OV. 
Both  DACs  loaded  with  all  I's. 

Digital  Crosstalk 

7 

nV-alyp 

Measured  foraCodcTtansition  of  all  O'sto  all  I's. 
■outa.  Ioutb  Load  =  100X1,  Ctxr  =  13pF 

Output  Noise  Voltage  Density 
(lOHz-lOOkHz) 

25 

nVA/!fetyp 

Measured  between  Rfba  and  Iquta  or  Rfbb  and  lotrrs- 
Fieqiiency  of  measurement  is  lOHs^-lOOkHz. 

Total  Hannonic  Distoilion 

-82 

dBtyp 

VD,=6Vniis,lkHz.  Both  DACs  kwded  with  aU  I's. 

NOTES 


^Smpletetted  at  ZS'C  lo 


J.K.LVcrsions:  - 40X to  +  SS^C. 
A,B,CVenions:  - 40°C to  +  SSt. 
S,T,UVersions:  -SSXto +125'<:. 
:  compliance. 
1«  V[H3  -  SV  with  degraded  Hwdfications. 


TIMING  CHARACTERISTICS  (v„„  = 

10.8Vtol6.5V,V^,  =  VKf,= 

+  10V,lourA  = 

■ouiB  =  A6ND  =  OV)     ^_  t,. 

Limit  at 

Limit  at 

 , 

Limit  at 

Ta=  -40°C 

Ta=-55°C 

Parameter 

Ta=  +25°C 

to  +85°C 

to  +  125'C 

Units 

Test  Conditions/Comments 

ti 

60 

80 

80  " 

nsmin 

Data  Setup  Time  '-i 

t2 

25 

25 

25 

nsmin 

Data  Hold  Time 

t3       •.  ■ 

80 

80 

■  100 

ns  min 

Chip  Select  to  Write  Setup  Time 

t4 

0 

0 

0 

nsmin 

Chip  Select  to  Write  Hold  Time 

t5 

80 

80 

100 

nsmin 

Write  Pulse  Width  _i 

NOTE 

Specifications  subject  to  change  without  notice. 

ABSOLUTE  MAXIMUM  RATINGS* 

(Ta  =  25°C  unless  otherwise  stated) 

VnotoDGND   -0.3V,  +  17V 

Vrefa.  Vrefb  to  AGND,   +25V 

Vrfba,  Vrfbb  to  AGND,  ±25V 

D^tal  Input  Voltage  to-BGND-  -.  .  -.■  v  .-  =  0.3V,  Vdd  +0.3V 

louTA.  louTB  to  DGND   -0.3V,  Vdd  +  0.3V 

AGNDtoDGND   -0.3V,  Vdw  + 0.3V 

Power  Dissipation  (Any  Package) 

To  +75°C   450mW 

Derates  above  +75°C  6mW/°C 

Operating  Temperature  Range 

Commercial  (J,  K,  L  Versions)   -40°C  to  +85°C  ' 

Industrial  (A,  B,  C  Versions)   -40°C  to  +85°C 

Extended  (S,  T,  U  Versions)  .  .  .  .  ....  .  .  -55°C  to  +  125°C 

Storage  Temperacttre  -65°Cto  +150°C 

Lead  Tempawuie  {S^ering,  lOsecs)   +300°C 

•Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may 
cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and 
fonctional  operation  of  the  device  at  these  or  any  other  conditions  above 
those  indicated  in  the  operational  sections  of  this  specification  is  not 
implied.  Exposure  to  absolute  maximum  rating  condiuons  for  extended 
periods  may  aflKXievtereliability. 


C5a 

VSE 

WE 

FUNCTION  ' 

X 

X 

1 

1 

X 

No  Data  Transfer           "        '    '     '■    - ' 
No  Data  Transfer 

_r 

J" 

0 

A  Rising  Edge  on  CSA  or  CSB  Loads 

Data  to  the  Respective  DAC  from  the  Data  Bus 

0 

1 

DAC  A  Register  Loaded  from  Data  Bus 

1 

0 

DAC  B  Register  Loaded  from  Data  Bus 

0 

0 

DAC  A  and  DAC  B  Registejs  Loaded 
from  Data  Bus 

NOTES 

1.  X  =  Don't  care 

2.  J~  means  rising  edge  triggered 


Table  I.  AD7547  Truth  Table 


1 


 1 


NOTES 

1.  ALL  INPUT  SIGNAL  RISE  AND  FALL  TIMES  MEASURED  FROM  10% 
TO  90%  OF  +5V,  t  =  t,  =  JOns,  v„  + V„ 

2.  TIMING  MEASUII0(ieNT  REFERENCE  LEVEL  IS   "  ."■ 

/'     "     ,  ..  ORDERING  OUIDE' 


Temperature 

Relative 

Gain 

Package 

ModeP 

Range 

Accuracy 

Error 

Option' 

AD7547JN 

-40°Cto+85°C 

±1LSB 

±6LSB 

N-24 

AD7547KN 

-40°Cto  +85°C 

±  1/2LSB 

±3LSB 

N-24 

AD7547LN 

-40''Cto  +85°C 

±  1/2LSB 

+  ILSB 

N-24 

AD7547JP 

-40°Cto  +85°C 

±1LSB 

±6LSB 

P-28A 

AD7547KP 

-40°Cto  +85''C 

±  1/2LSB 

±3LSB 

P-28A 

AD7547LP 

-40°Cto  +85''C 

±  1/2LSB 

±ILSB 

P-28A 

AD7547JR 

-40°Cto  +85°C 

±  ILSB 

±6LSB 

R-24 

AD7547KR 

-40°Cto  +85°C 

±  1/2LSB 

±3LSB 

R-24 

AD7547LR 

-40°Cto  +85°C 

±  1/2LSB 

±ILSB 

R-24 

AD7547AQ 

-40°Cto  +85°C 

±  ILSB 

±6LSB 

Q-24 

AD7547BQ 

-40°Cto  +85°C 

±  I/2LSB 

±3LSB 

Q-24 

AD7547CQ 

-40°Cto  +85"'C 

±  1/2LSB 

±1LSB 

Q-24 

AD7547SQ 

-55°Cto  +  125°C 

±1LSB 

±6LSB 

Q-24 

AD7547TQ 

-55°Cto  +  125°C 

±  1/2LSB 

±3LSB 

Q-24 

AD7547UQ 

-  55X  to  +  125X 

±  1/2LSB 

±2LSB 

Q-24 

AD7547SE 

-55Xto  +  125°C 

±ILSB 

±6LSB 

E-28A 

AD7547TE 

-55°Cto  +  125°C 

±  I/2LSB 

±3LSB 

E-28A 

AD7547UE 

-55?Cto  +  125°C 

±  1/2LSB 

+  2LSBI 

EitSA 

NOTES 

'Analog  Devices  reserve  the  right  to  ship  ceramic  packages  CD-24A)  in  lieu 
of  cerdip  packages  CQ-24). 

^To  order  MIL-STD-883,  Class  B  processed  parts,  add  /883B  to  part  number. 
Contact  your  local  sales  office  for  military  data  sheets. 

*E  =  Leadless  Ceramic  Chip  Carrier;  N  =  Plastic  DIP;  P  =  Plastic  Leaded 
Chip  Carrier;  Q  =  Cerdip;  R  =  SOIC.  For  outline  information  see  ^u:kage 
Information  section. 


CAUTION  .   [ 

(electrostatic  disclua8i^sensitiv«'(ll«vi%ei''Fiie  digjiat  «c«iittol  inputs  ate'  diocie  iwotectedi 
however,  permanent  damage  may  occur  on  uncoanected  devices,  subject  to  io^'ti&tS  €leexxo- 
stitic  fields.  Unused  devi«es.otust  be  stoced  itt^fionduciive  foam  or  shunts.  The  protective  foam 
should  be  dischatged  to  thsjjiwinatiqn-atjeleet  before  deirices  are  removed.  ~      n c;<. 


WARNING! 


ADr7S47 

DIP,  SOIC         "  i!. 


LOGC 


i  J 1  s  J  J  i 
mmmmignasi 


ras  [7 

(LSBIDBO  [T 
NC  [T 
DBl 

DB3  ^ 


A07547 

TOPWEW 


24]  cse 
23]  WR 

22]  NC 

2l]  DBll  1 

2o|  D810 

19]  OB9 


s 

a 

=  NO  CONNECT 


PIN  FUNCTION  DESCRIPTION  (DIP) 


PIN 


.JANBMOMIC 


DESCRIPTION 


1 
2 
3 
4 

5 

6-18 
12 

21 
22 
23 
24 


/  AnalogGround. 

Current  output  terminal  of  DACA. 
Feedback  resistor  f  or  DACA . 
Reference  input  to  DACA. 
Chip  Select  Input  for  DAC  A .  Active  low . 
12  dan  inputs,  DBO  (LSB)-  DBl  i  (MSB). 
Digital  Gcoond. 

Write  Input.  Daut  transfer  occurs  on  rising  edge  of  WR.  See  Table  I. 
•"Chip  Select  Input  for  DACB.  Active  low. ' 
Vdd  Power  supply  input.  Nominally  +  12V  to  +lSVwitli  ±  10%tdcniice. 

Vrefb  Reference  input  to  DACB.  " 

Rfbb  Feedback  resistor  of  DACB . 

louTB  Current  output  terminal  of  DACB. 


lotfTA 

RpBA 

Vrefa 
CSA 

DBO-DBll 
DGND 


■WSlltjI.V/  1,.^),:, 
.     .  .    0  >' 


CnCUIT  INFORMATION 
D/A  SECTION 

The  AD7S47  contains  two  identical  12-bit  multiplying  D/A 
converters.  Each  DAC  consists  of  a  highly  suble  R-2R  ladder 
and  12  N-channel  current  steering  switches.  Figure  2  shows  a 
simplified  D/A  circuit  for  DAC  A.  In  the  R-2R  ladder,  binary 
weighted  currents  are  steered  between  Iquta  "ul  AGND.  The 
current  flowing  in  each  ladder  leg  is  constant,  irrespective  of 
switch  state.  The  feedback  resistor  Rpba  is  used  with  an  op-amp 
(see  Figures  4  and  5)  to  convert  the  current  flowing  in  Iqota  I<> 
a  voltqp  ouQnit. 


EQUIVALENT  CIRCUIT  ANALYSIS 

Figure  3  shows  the  equivalent  cireuit  for  one  of  the  D/A  converters 
(DAC  A)  in  the  AD7547.  A  similar  equivalent  circuit  can  be 


drawn  for  DACB.  Note  that  AGND  i 
and  DAC  B. 


:  common  to  both  DAC  A 


sumo 


Siri^iM^j^tpuit  Diagram  for  DACA 


Figure  3.  Equivalent  Analog  Circuit  for  DACA 

Coirr  is  the  output  capacitance  due  to  the  N-channel  switches 
and  varies  from  about  50pF  to  150pF  with  digital  input  code. 
The  current  soiuce  Ilkg 's  composed  of  surface  and  junction 
leakages  and  approximately  doubles  every  10°C.  Ro  is  the  equi- 
valent output  resistance  of  the  device  which  varies  with  input 
code. 

■  The  digital  Inputs  are  ded^a  to  6e<ttHffis  ^TIX  imd  SV  CMOS 
compatible.  All  logic  inputs  are  static-protected  MOS  gates  with 
typical  input  currents  of  less  than  InA. 
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UNIPOLAR  BINARY  OPERATION 
(2-QUADRANT  MULTIPLICATION) 

Figure  4  shows  the  circuit  diagram  for  unipolar  binary  operation. 
With  an  ac  input,  the  circuit  performs  2-quadrant  multiplication. 
The  code  table  for  Figure  4  is  given  in  Table  II. 

Operational  amplifiers  Al  and  A2  can  be  in  a  single  package 
(AD644,  AD712)  or  separate  packages  (AD544,  AD711, 
AD  OP-27).  Capacitors  CI  and  C2  provide  phase  compensation 
to  help  prevent  overshoot  and  ringing  when  high  speed  op-amps 
are  used. 

For  zsero  offset  adjustment,  the  appropriate  DAC  register  is 
loaded  with  all  O's  and  amplifier  offset  adjusted  so  that  Vquta 
or  VouTB  is  OV.  Full-scale  trimming  is  accomplished  by  loading 
the  DAC  register  with  all  I's  and  adjusting  Rl  (R3)  so  that 
VouTA  (VotOTB)=  -'^m  (4095/4096).  For  high  temperature 
opeiatfon,  les&tors  and  potentiometers  should  have  a  low  Tem- 
perature Coefficient.  In  many  applications,  because  of  the  excellent 
Gain  T.C.  and  Gain  Error  specifications  of  the  AD7S47,  Gain 
Error  trimming  is  not  necessary.  In  fixed  reference  applications, 
full-scale  can  also  be  adjusted  by  omitting  Rl,  R2,  R3,  R4  and 
trimming  the  f^qosbc^  voltage  magnitude.  .  . 


17  Unipci^^my  Oplention 


Binary  Number  in 
DACRcgHter 
MSB  LSB 

Analog  Output, 

VoUTA  or  VoUTB 

nil  nil  nil 

-V 

1000  0000  0000 

0000  0000  0001 

0000  0000  0000 

OV  . 

TaUett.  Unipolaf  i 


m.Qo^  Table  for  Circuit  of 


BIPOLAR  OPERATION 
(4-QUADRANT  MULTIPLICATION) 

The  recommended  circuit  diagram  for  bipolar  operation  is  shown 
in  Figure  5.  Offset  binary  coding  is  used. 

With  the  appropriate  DAC  register  loaded  to  1000  0000  0000, 
adjust  Rl  (R3)  so  that  VptiTA  (Vqutb)  =  OV.  Alternatively,  Rl, 
R2,(R3,  |14)  may     Oji^itted  and  Uie  ratios  of  R6,  R7  (R9,  RIO) 
vaiied  for  Vouta  (Vqut^  =  OV.  Full-scale  trimming  can  be 
accomplished  by  adjusting  the  amplitude  of  Vin  or  by  varying 
the  value;  of  *5-  (;R8). 

If  Rl,  R2  (R3,  R4)  are  not  used,  then  resistors  R5,  R6,  R7  (R8, 
R9,  RIO)  should  be  ratio  matched  to  0.01%  to  ensure  gain  error 
performance  to  the  data  sheet  specification.  When  operating 
over  a  wide  temperature  range,  it  is  important  that  the  resistors 

be  of  the  same  type  so  that  their  temperature  coefficients  match. 

The  code  table  for  Figure  5  is  given  in  Table  III. 


Figure  S.  Bipolar  Ojpatatipo  (Offset  Binary  Coding) 


Binaiy  Number  in 
DACRcgistef 

MSB  vsa 


nil  nil  nil 

1000  0000  0001 
1000  0000  0000 

0111  nil  nil 

0000  0000  0000 

!al<utti  VP  I  -  »j  7_c  ol» 


Analog  OuQnit, 


^^™\2048j 
(2048  ) 


+  V, 
OV 


'^^(2^) 


Table  III.  Bipolar  Code  Table  for  O^^Mfm^  Ckeuit 
of  Figures. 
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PROGRAMMABLE  STATE  VARIABLE  FILTER 

The  circuit  shown  in  Figure  6  provides  three  filter  outputs:  low 
pass,  high  pass  and  bandpass.  It  is  called  a  State  Variable  Filter 
-^od  the  particular  version  shown  in  Figure  6  uses  two  AD7547s 
to  control  the  critical  parameters  4,  Q  and  Ao.  Instead  of  sev^al 
fixed  resistors,  the  circuit  uses  the  DAC  equivalent  resistances 
as  circuit  elements.  Thus,  Rl  in  Figure  6  is  controlled  by  the 
12-bit  digital  word  loaded  to  DAC  A  of  the  AD7547.  This  is 
also  the  case  with  R2,  R3  and  KC  The  fixed  re^forRS  is  the 
feedback  resistor,  RpBB.  ' 


DAC  Equivalent  Resistance,  Req 


4096  X  Ruii, 


N 


where  R, 


DAC  Ladder  Resistance 


N  =  DAC  Digital  Code  in  Decimal.  (0<N<4095) 

In  the  circuit  of  Figure  6:  ;  •     .  ,  .  .  i 

CI  =  C2,  R7  =  R8,  R3  -  R4  #6^,  tlie  same  code  is  tt  etek 

DAC) 


Resonant  frequency,  f„ 


"  1 


ts'^tcsrci  


5.H 


-R2 


Bandpass  Gain,  Aq 


Rl 


Using  the  values  shown  in  Figure  6  the  Q  range  is  0.3  to  5.  •?n4 
f„  range  is  0  to  12kHz.  j 

lOpF 


H7  CI 


tow 

>  PASS 
OUTPUT 


NOTES;  . 

1.  A1.U.A1.A4!  17  >  AD712 

2.  ALL  nOITAL  INPUTS  OMITTED  FOR  CLARITT 

3.  C3  IS  A  COMPENSATION  CAPACITOR  TO  ELIMINATE  0  AND  GAIN 
VARIATIONS  CAUSED  BV  AMPLIFIER  GAIN  BANDWIDTH  LIMITATIONS 


Figure  6.  Programmable  State  Variable  Filter 
SINGLE  SUPPLY  APPLICATIONS 

DAC  A  and  DAC  B  of  the  AD7547  have  termination  resistors 
which  are  tied  to  the  AGND  line  within  the  device.  This  ar- 
rangement is  ideal  for  single  supply  operation  because  AGND 
may  be  .biased  at^iu^  voltage  betwwn  DGND.  and  Vpo.  J^gure 
7  shows  a  cireuit  •^wB^  provides  two  +SV  to  +  lOV  analos 


J,  o.fj 


1  provides  ttio  + 


outputs  by  biasing  AGND  to  +5V  withTespect  to  DGND, 
which  in  this  case  is  also,«he  sy>imaiWilM<.^e  two  DAC 
referoice  inputs  are  to:^riHSEJiH<idr/ 


NOTES: 

1.  A1:TLC272 

2.  C0NT1<0lCmCUrrRy.lliMIT^F0RGUMTV 


Figure  7.  AD7S47  Single  Supply  Operation 


The  transfer  function  for  each  ciiameLi^: 
y*tn-  =  5V 


,  (1  +  Rfb\ 
I  Req/ 


I  I 


With  all  O's  loaded  to  the  DAC,  Req  =     and  Vqut  =  "hSV 


With  aU  I's  loaded  Req  =  RuvtoHiv'^^JKFB'and  Vom-'* 
+  lOV. 

Figure  8  shows  both  DAO  of  the  AD7547  connected  in  the 
volt^  switdp^  mode.  For  further  information  on  this  mode 
of  operation  see  the  CMOS  DAC  Application  Guide  from  Analog 
Devices,  publication  mmiber  G872a-15-4/86.  To  optmize  per- 
formance when  using  this  circuit,       must  be  in  the  range  0  to 
+  1.25V  and  the  output  buffered.  V^  mus^  be  driven  from  a 
low  impedance  source  (e.g.  a  buffer  arapUfiO').  Figure  9  ^ows 
how  di^rentiai  linca^^ 


NOTES; 

1.  A1:TLC272 

2.  CONTTOLCIRCUITRY  OMITTED  FOR  CLARITV 


Figure  8.  AD7S47  Operated  in  Single  Supply,  Voltage 
SmU^ing  Mofie 


AD7547 


Figure  9.  Differential  Nonlinearity  vs.  Reference  Voltage 
for  Circuit  of  Figure  8.  Vpo  =  15V.  Shaded  Area  5AOM« 
Range  of  Values  of  Differential  NonUtwarUy  (Asf  Vffiisi/ly 
Occur  for  L,  C  and  U  Grades 

APPUCATION  HINTS 

Output  Offset:  CMOS  D/A  converters  in  circuits  such  as  Figures 
4  and  S  exhibit  a  code  dqiendent  output  resistance  which  in 
turn  can  cause  a  code  dependent  error  voltage  at  the  output  <^ 
the  amplifier.  The  maximnm  amplitude  of  this  error,  which 
adds  to  the  D/A  converter  nonlinearity,  depends  on  Vqs,  where 
Vos  is  the  amplifier  input  offset  voltage.  To  maintain  specified 
operation,  it  is  recommended  that  Vqs  be  no  greater  than 
(25  X  10  -  'XVrep)  over  the  temperature  range  of  operation.  Suitable 
op  amps  are  the  AD711C  and  its  dual  version,  the  AD712C. 
These  op  amps  have  a  wide  bandwidth  and  high  slew  rate  and 
are  recommended  for  wide  bandwidth  ac  applicalionl.  iM9?lV 
AD712  settling  time  to  0.01%  is  typically  Ijjls. 

Temperature  Coefficients:  The  gain  temperature  coefficient  of 
the  AD7S47  has  a  maTimiim  value  of  Sppm/°C  and  typical  value 
of  lppm/°C.  This  corresponds  to  worst  case  gain  shifts  of  2LSBs 
and  0.4LSBa  respectlTely  over  a  100°C  temperature  range.  When 
trim  resistors  R1(R3)  and  R2(R4)  are  used  to  adjust  full-scale 
range  as  in  Figure  4,      tenyseiatuK  co^Bcknt  of  R1(K3)  and 
R2(R4)  should  abo  be  taken  into  account.  For  further  infisrmatian 
see  "Gain  Error  and  Gain  Tenqieratuie  CoeflBdent  CMOS 
Multiplsring  DACs",  Application  NcHe,  Pnldicatiaa  Nomber 
E630C-S-3/86  available  fixim  Analog  Devkxi. 


IBgh  Fnqacncj  CrniiMrriliona;  AD7S47  oupat  capgrimnce 
works  m  conjunction  with  the  jmpKfiw  feedback  resistance  to 
add  a  pole  to  the  open  loop  response.  This  can  cause  ringing  or 
oadUation.  Stability  can  be  restored  by  adding  a  phase  compen- 
sation capacitor  in  parallel  with  the  feedback  leiiMor.  Tbis  is 
shown  as  CI  and  C2  m  Kgnies  4  and  S. 

Feedthrongh:  The  dynamic  performance  of  the  AD7547  depends 
upon  the  gain  and  phase  stability  of  the  output  amplifier,  together 
with  the  optimum  choice  of  PC  board  layout  and  decoupling 
components.  A  suggested  printed  circuit  layout  for  Figure  4  is 
shown  in  Figure  10  which  minimizes  feedthrougil:  f 
VxEFB  to  the  output  in  multiplying  applications. 


PIN8,AD712 


LAYOUT  IS  FOR  DOUBLE-SIDEO  BOARD.  . 
FUU  UNE  INDICATES  TRACK  ON  * 
COMPONBITSIDE  4 


Figure  10.  Suggested  Layout  for  Circuit  of  Figure  4 
MICROPROCESSOR  INTERFACING 

The  AD7547  is  designed  for  easy  interfacing  to  16-bit  micropro- 
cessors. Figures  11  and  12  show  the  interface  circuits  for  two  of 
the  most  popidar  16-bit  micnqnocessors;  the  8086  and  the  68000. 
Note  that  the  amount  of  external  logic  needed  is  minimal. 

Since  dau  is  loaded  into  the  DAC  registers  on  the  rising  edge  of 
WR,  the  possiblity  of  invalid  data  being  loaded  temporarily  to 
the  DAC  is  removed.  This  conaderaUy  eases  the  interfiwe 
circuit  design. 


MC68000 

DTACK 

CDS 


ADDRESS  BUS 


CSA 

C5B 


f^re  11.  AD7S47-MCe8O00lntmface 


ADDRESS  BUS 


CSA 

WR 

D80- 

DBII 

Figure  12.  AD7S47- 
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LC  MOS 
8-Bit  |.  p  Compatible  12-Bit  DAC 


AD7548 


FEATURES 

8-Bit  Bus  Compatible  U-Bit  DAC 

All  Grades  12-Bit  Monotonic  Over  Full 

Temperature  Ranges 
Operation  Specified  at  +5V,  +12V 

or  +  1SV  Power  Supply 
Low  Gain  Drift  of  SftprnTC  Maximum 
Full  4  Quadrant  Multipiieation 
Skinny  DIP  and  SMfEwe  Mount  Paekagei 


APPLICATIONS 

8-Bit  Micropiocessor  Based  Control  Systems 
Programmable  Amplifiers 
Function  ®eiiei«|ia|l  ^ 
Servo  CoiWai 


GENERAL  DESCRIPTION 

Jlie  AD7348  is  a  12-bit  racm^itfaic  GiMOS  D/A  converter  for 
use  with  8-bit  bus  microprocessors.  Data  is  loaded  in  two  bytes 
to  input  holding  registers  as  shown  in  the  block  diagram  opposite. 
The  AD7548  can  be  configured  to  accept  either  left-  or  r^t-jus- 
Wd'3iik,  least  dgmficant  byte  of  -most  signiiSr^^bjne'  firat,  ^  ' 

msing  standard  TTL  compatible  control  inputs. 

A  separate  load  DAC  control  input  allows  the  user  the  choice  of 
"  updating  the  analog  output  coincident  with  loading  new  data  to 
the  DAC  input  register  or  at  any  time  after  the  data  loading 
event.  This  feature  is  especially  important  in  multi-DAC  systems 
where  simultaneous  update  of  all  DACs  is  required. 

The  new  Linear  Compatible  CMOS  (LC^MOS)  process  used  in 
the  manufacture  of  the  AD7548  allows  precision  ihin-film  linear 
circuitry  and  high-speed  low-power  CMOS  logic  to  be  integrated 
on  the  same  small  chip.  The  high-speed  logic  allows  direct 
interfadng  to  most  of  the  popular  8-bit  microprocessors. 


FUNCTIONAL  BLOCK  DUGRAM 


PRODUCT  HIGHLIGHTS 

1.  Microprocessor  CompatibiUty  f  ^ 
~    High  speed  input  control  (TTL/5V  CM0S  compatible)    *  ■  ) 

allow  direct  interfacing  to  most.ot  the  p<yular-8-bit 

microprocessors.  I 

2.  Guaranteed  Monotonicity 

The  AD7548  is  guaranteed  monotonic  to  12-bits  over  the  full 
temperature  range  for  all  grades  and  at  all  specified  supply 
voltages.  J  ^r.>:   .  i- 

3.  Selectable  Data  Input  Format 

Left-  or  right-justified  data,  least  significant  or  most  significant 
byte  first.  This  allows  the  AD7548  to  be  interfaced  with 
microprocessors  usii^  either  Motorola  or  Intel-type  data 
formatting.  ^' 

4.  Monolithic  Construction 

For  increased  reliability  and  reduced  package  size  —  0-3?  , 
20-pin  DIP  and  20-terminal  surface  mount  packages. 

5.  Single  Supply  Operation  -  See  Figure  8.  _   -  ' 

6.  Low  Gain  Error  and  Gain  Error  T.C.  ■ -  ' 


OI^TmL-TO-ANALOGCONVERTBffS  S^l 


AD7548-SPECIFICATI0NS 


1  (Voo  =  +5V,  VffiF  =  +10V:  ^„„  =       =  OV.  All  specifications  T^,  to  T„ 
unless  otherwise  specified) 


PuaiMii^           ■  , 

I,A 

Vcniow 

K,B 

SVcnion 

TVeraion 

Units 

Tnt  f iMiif  "tf  ifflt^iirtpfiiiTatt 

  *  .  ^  '   — =^1f^C 

ACCURACY 
Renhition 
Rdi^Aocftncy 
Dil^hail^  Nonlinearity 

12 

±1 
±1 

12 

±1/2 
±1/2 

12 

±1 
±1 

12 

±1/2 
±1/2 

Bits 

LSBmax 
LSBmu 

 .-.--^t!"-  ^  i-  "•• — - 

AU  grades  guaranteed  mmotoaic  to  12-bits 
over  temperature . 

Measured  using  internal  Rfb  ^d  includes 
effects  of  leakage  current  and  gain  TC. 
FuU  SoUe  &Tor  ctn  be  trinuDed  to  zero. 

Full  Scale  Error 

Gain  Temperature  Coe£Qcient^; 

±6 

±3 

±6 

±3 

LSBmax 

AGain/ATemperatUR 
Output  Leakage  Cnhnit  | 

louT(Pinl)   ir  - 

+  25°C 

±5 

±5 
*25 

±5 

±5 
±25 

±5 

±5 
±150 

±5 

±5 
±150 

ppm/^maz 

nAmax 
nA  max 

TyiMcal  vtltK  is  2ppmrC 
All  digital  inputs = OV 

REFERENCE  INPUT 
Input  ReuBlance,  Pin  1 9 

7 
20 

7 

20 

7 
20 

7 

20 

fcHmin 
kHmax 

TypicdIiq^B«Mnqt^^l||ie          ..0  .'ii: 

DIGITAL  INPUTS 
ViH(InputHigh  Voltage) 
ViL  (Input  Low  Voltage) 
IfN  (Input  Current) 
+25°C 
T^„toT™. 
CiN(IivinCapaciiaice)' 

2.4 

0.8 

±1 

±10 

7 

2.4 

0.8 

±1 

±10 

7 

2.4 
0.8 

±1 

±10 

7 

2.4 
0.8 

±1 

±10 

7 

II  ill 

i-^'tJ;  -               "     -'-rf ■-'■."-">'■  .  .        '*.  "  -.  ■. 

■          ."('ri''.      <\      11.  ■ 
ViN=OVorV0D             -c-»*-r  ■ 

'J'J  ■  - 

FOVERSUFPLY 
VixiKniae  I              ,  ^ 
Idd 

4.75/5 

m  •«  ■ 

4.75/5.25 
2 

300 

4.75/5.25 
2 

300 

4.75/5.25 
2 

300 

Vmin/V  max 
niA  max 

Specifications  guaranteed  over  this  range 
All  digital  inputs  Vh,  or  Vih 
All  digital  inputs  OV  or  Vdd 

?THrM  mom  TDun^ir; 

SPECIFICATIONS    (V„=  +!»ta  ^^IW, V»f=  +10V; Vm 

= = OV.  M  specificafions  Tnii  tB  Tma^fliilBiiiilhBral^e  ^BciABriO 

PsraBwtoi 

J.  A 

VcraioDS 

K,B 
Versioaa 

S  Version 

T  Version 

Units 

Test  Conditioiu/Comments 

ACCURACy 

Reiplulifill     .  .ttr;/  j. 

Relative  Acatta9 
Differential  Nonlinearity 

Full  Scale  Error 

Gain  Temperature  Coefficient^; 
AGflin/ATemperature 
Output  Leakage  Current 
lotrrCPinl) 

+  25°C 

T^toT^ 

12 

±1 
±1 

±6 

±5 

±5 
±25 

12 

±1/2 
±1/2 

±3 

±5 

±5 
±25 

12 

±  1 
±  1 

±6 

±5 

-  5 

:  150 

12 

±1/2 
±1/2 

±3 

±5 

-  5 
±  150 

Bits 

LSBmax 
LSB  max 

LSBmax 

pprnfC  max 

nA  max 
nA  max 

All  grades  guaranteed  monotonic  to  I2-bits 

over  temperature. 

Measured  using  internal  Rfb  and  includes 
effects  of  leakage  current  and  gain  TC. 
Full  Scale  ErnK- can  be  trimmed  to  zero. 

Typical  vahie  is  2pi»ii/°C 

All  digiial  inpuis  0\' 

REFBgBSCEINKJT        .j.  ( 
InjttHaiiitiiirf ,  m  1» 

taavi  01 

7 
20 

7 

20 

7 

20 

7 
20 

kn  min 
kHmax 

Typidl  Input  Rfsittincf  =  llkO 

DICriAL  INPUTS 
ViH  (Input  High  Voltage) 
ViL  (Input  Low  Voltage) 
IiN  (Input  Current) 
+2S'C 
T^toT„ 
CiN  (Input  CapaamacKf 

2.4 
0.8 

±1 
±10 

7 

2.4 
0.8 

±  1 
±  10 
7 

2.4 
0.8 

±  1 
±  10 
7 

2.4 
0.8 

±1 

±10 

7 

=  «  Sis 

>  >      i  ±  o. 

Vw=OVorVDD 

POWER  SUPPLY 
Vdd  Range 

Idd 

11.4/15.75 

3 
1 

11.4/15.75 

3 
1 

11.4/15.75 

3 
1 

11.4/15.75 

3 
1 

V  minA/  max 
mA  max 
mA  max 

Specifications  guaranteed  over  this  range 
All  digital  inputs  Vjl  or  Vjh 
All  digital  inputs  OV  or  Vdd 

NOTES 

'TenvettlOfemigeasfoUows:  J, K  Versions:  -40°Cto  +85°C 
A. B Versions:  -40Xto+8S"C 
S,T versions:  -55XtO  +  l25X: 

'Guaruueed  by  design  but  not  production  tested. 

Spccificatioitt  wdtjca  to  change  without  notioe. 


0r6O2  mGITAL-TO'ANAL0GCONVEBTeflS 


REV.  A 


TIMING  GHAR/UITERISTICS  +!0V,VpMi=VpM2=l!VufllessatheraisestatMO 


LimJt'at 

Limit' tft 

Limit  at 

Ta=-55°C 

Parameter 

Ta=25''C 

to  +85°C 

to  +125°C 

Units 

Test  Conditions/Cominents 

240 

240 

290 

nsmin 

Data  Valid  Setup  Time 

Idh 

50 

50 

70 

nsmin 

Data  Valid  Hold  Time 

tews 

30 

40 

50 

nsmin 

CSMSB  or  CSLSB  to  WR  Setup  Time 

tcWH 

15 

20           "~  ■ 

25 

nsmin 

CSMSB  or  CSLSB  to  WR  HoldTime 

'l.WS 

30 

40 

50 

nsmin 

LDAC  to  WR  Setup  Time 

tl-WH 

15 

20 

25 

nsmin 

LDAC  to  WR  Hold  Time 

250 

280 

320 

nsmin 

Write  Pulse  Width 

Parameter 

Limit  at 

Ta=25">C 

Limit 'at 
Ta=-40X 
to  +85»C 

Limit 'at 
T*=-55''C 
'  to  +125*C 

Units 

Test  Conditions/Comments 

tos 

160 

190 

230 

ns  min 

Data  Valid  Setup  Time 

toH 

30 

30 

50 

nsmin 

Data  Valid  Hold  Time 

tews 

30 

40 

50 

nsmin 

CSMSB  or  CSLSB  to  WR  Setup  Time 

tcwH 

15 

20 

25 

nsmin 

CSMSB  or  CSLSB  to  WR  Hold  Time 

tl-WS 

30 

40 

50 

nsmin 

LDAC  to  WR  Setup  Time 

tt,WH 

15 

20 

25 

nsmin 

LDAC  to  WR  Hold  Time 

twR 

170 

200 

240 

nsmin 

Write  Pulse  Width 

AP  DCbCniltlAilPC  PUftnilftTCDievifkC  ^^serharai^ristics  are  included  for  Desin  Guidance  only  and  areWsatijein to  ^ 
Mb  rElfrUltinflNbt  bnAKftb  I  tnldl  lUCi  (Vrb:=  +  10V;Vp,„,=Vpi„2=0V,  output  Amplifier  is  AD544  except  where  stated) 


ill  i  i  T"*" 

Vdd=+5V 
Ta=+25X  Ta=Tmin.Tmax 

Vdd=  +I2Vto  +  15V 
Ta=+25°C    Ta  =  TmimiTjiiax 

Units 

Test  Conditions/Comments 

OuqntOulcnlSenll^'AM 

1.5 

I 

IJLSlyp 

To  0.01%  of  full  scale  range. 

loi  T  l<>i"l=  '"O'l'Cf  xT'  13pF 
DAC  register  ailernalely 
loaded  with  ait  Is  and  all  Os 

Digital  to  Analog  Gliteh 
Impulse 

400 

330 

n  V-sec  typ 

JVleasured  with  Vrbf  =  OV, 
lourload  =  100fl,CEXT=  "pF- 
DAC  register  alternately 
loaded  with  all  1  s  and  all  Os 

Multiplying  Feedthrough  Error^ 

3  5 

3  5 

mVp-ptyp 

Vbkk  =  ±5V,  lOkHz  sine  wave 
DAC  register  loaded  with  aU  Os. 

Total  Harmonic  Distortion 

-85 

-85 

dBtyp 

VREF^eVrmsCo-lkHz. 
DAC  regitler loaded  with  aU  Is. 

Power  Supply  Rejection 
A  GAIN/A  Vdd 

±0.015  ±0.03 

±0.01  ±0.02 

%per%max 

AVdd=±5% 

Output  Capacitance 
lour  (Pin  1) 

200  200 
100  liw 

200  200 
100  100 

pFmax 
pFmax 

DAC  register  loaded  with  all  I  s . 
DAC  legister  loaded  with  all  Os. 

Output  Noise  Voltage  Density 
(lOHz-lOOkHz) 

15 

15 

.nV/Vliityp 

Measured  between  R|3B  and  lour 

NOTES  -  -    -  •  . 

'Gusnnteed  by  (ksigD  but  ooi  production  tested. 
^einpenniRm8euf(rilows:J,KVent(Kts:  -40°Cb>  +  8S'C 
A.BVmioiii:  -40°Cto  +8S*C 

S,TVenions:  -55tto  +  UVC  ^  , 

..'.'i'li'  f.J..G  toi  -i      1:  --.'.'  ■  .■' 


HiV.A 


Vdd  (pin  18)  to  DGND   +  17V 

VREF(pin  19)toAGND  ......  ±25V 

Vrfb  (pin  20)  to  AGND   j.  ±25V 

Digital  Input  Voltage 
(pins4-17)toDGM5  ■  .  .  .  .  -0.3V,  Vdd+0.3V 

VpmitoDGND   -0.3V,  yi}D+ 0.3V 

AGND  to  DGND  -0.3V,  Vbo+O.SV 

Power  Dissipation  (Any  Package) 

To  +75°C   450mW 

Derates  abov?  ±7S°C  6mW/°C 

CAUTION 


Commercial  (J,  K  versions)  .  .  ..  ,  . 

Industrial  (A,  B  versions)  .  .  .  .  .'. 

Extended  (S,  T  versions)  

Storage  Temperature   

Lead  Temperature  (Soldering,  lOsecs) 


-40°C  to  +85°C 
-40"'C  to  +85°C 
-55°Cto  +125"'C 
-65°Cto  +150°C 
  +  300°C 


>  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functiona] 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  sections  of  this  specification  is  not  inQ>iiMl.  Exposure,  to 
absolute  maximum  ratiiig  conditions  for  extended  poiod?  nuqr  affect  devi^ 
reliability. 


ESP  .(clectt^aiailfe  #8^ii^)  sensitivte  The  digital  control  inputs  are  .  diode  protect- 

ed; hd«V€Ver,  piertiausieilt  damage  may  occur  on  unconnected  devices  subject  to  high  energy 
electrostatic  fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shimts.  The  protective 
foam  should  be  discharged  to  the  destinatk»n  ixKket  before  deinces  are  remove 


WARNING! 


lllinGUBATipNS 
LCCC 


FLOG 

1  i  J  ^  j 


AOTSM 
TOP  VIEW 
INQt  to  Scatal 


lit- 


n]  ^SB 

js]  LDAC 
u|  OmfLSBI 


Temperature 

Relative 

Full-Scale 

Package 

Model^ 

Range 

Accuracy 

Error 

Option^ 

AD7548JN 

-40°Cto+85°C 

±1LSB 

±6LSB 

1^-20 

AD754gKN 

-40°Cto+85''C 

±  1/2LSB 

±3LSB 

N-20 

AD7548JP 

-40°Cto+g5°C 

±1LSB 

±6LSB 

P-20A 

AD7548KP 

-40°Cto+85T 

±  1/2LSB 

±3LSB 

P-20A 

AD7548JR 

-40°Cto  +85'C 

±1LSB 

±6LSB 

R-20 

AD7548KR 

-40°Cto  +85"C 

±  1/2LSB 

±3LSB 

R-20 

AD7548AQ 

-40°Cto  +85"C 

+  1LSB 

+  6LSB 

Q-20 

AD7548BQ 

-40°Cto  +85"C 

±  1/2LSB 

±3LSB 

Q-20 

AD7548SQ 

-55°Cto  +125°C 

±1LSB 

±6LSB 

Q-20 

AD7548TQ 

-55°Cto  +  12rC 

±  1/2LSB 

+  3LSB 

Q-20 

AD7548SE 

-55''Cto+125°C 

±1LSB 

+  6LSB 

E-20A 

AD7548tE 

-5S^to+i25°C 

±l/2tSB 

+3LSB 

E-20A 

NOTE 

'Analog  Devices  reserves  the  right  to  sh.p  ceramic  (package  outline  D-20)  packages 

in  lieu  of  cerdip  (package  outline  Q-20)  packages. 

^To  order  MIL-STD-883,  Class  B  processed  parts,  add^jB  to  psW  ninfe." "  ' 

Contact  your  local  sales  office  for  military  data  sheet. 
%  -  Leadtess  Cetamic  Cbip  Caidra;  N  >  nastic  DIP;  P  =  Plastic  Leaded 

Cbip  Cmer,  Q  =  Cerdip;  R  =  SOIC  Fat  outSw  inframaiian  see 

Fadoge  In&mu^eB  ap^q^. 
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.  KIN  FUNCTION  DESCRDS'ION 

MNEMONIC 


.UN 
1 

2 
3 


•in  ■!)■. 


ilqr,. 
i.i. 


loUT 

AGND 
DGND 


DAC  current  OUT  bus.  ^Jormally  terminseilKiricQul  ^ound  of  output  aifipUfter. 

Analog  Ground. 
Digiial  Ground. 

Chip  Select  Most  Significant  MS)  Byte.  Active  Low  Input.  Used  in  combination  wiih  WR  lo  load 
external  daia  into  the  input  register  (ir  in  ccimbination  with  WR  and  LDAC  to  load  external  data  into 
boih  input  and  DAC  register;.. 

Data  Formal  Data  Override.  When  thi;.  input  is  LOW,  data  in  the  DAC  register  is  forced  to  one  of 
two  override  codes  selected  by  CTRL.  When  the  override  signal  is  removed,  the  DAC  output 
returns  to  reflect  the  value  in  the  DAC  register.  With  DF/DOR  HIGH>  CTRL  selects  either  a  left 
ur  right  justified  input  dauformat.  Fornonn^operstioa,  DF/DOR  is  held  HIGH. 


DF/B(5E 

CTRL 

FUNCTION 

0 

0 

DAC  register  contents  ovenidden  by  all  O's 

0 

1 

DAC  register  contents  overriden  by  all  I's 

1 

0 

Left-justified  input  data  selected 

1 

I 

Right-justified  input  data  selected 

CTRL 


Control  Input .  See  pin  S  description. 

<MOST  SIGNIFICANT  BYTE-»+«LEAST  SIGNIFICANT  BYTE*j 
 1  1  1  1  !  1  1 — 

MSq  LEFT-)UST1F;ED  DATA  - 


I 


►iLSBj  X  I  X  |x  |x   I  CTRL  = 


X  I  X I  X  I  X  ^Sat^-I  1  IrIOHT-JUSJIFIEDPAXA  LsbI  CTRL  =  "1" 


X = Don^  care  states.' 


7 

DB7 

Data  Bit  7.  Most  Significant  Bit  (MSB). 

8 

DB6 

Data  Bit  6, 

9 

DBS 

Data  Bit  5. 

10 

DB4 

Data  Bit  4. 

n 

DB3 

Data  Bit  3.        r^<M  . 

12 

DB2 

Data  Bit  2. 

13 

DBl 

Data  Bit  1. 

14 

DBO 

Data  Bit  0.  Least  Significant  Bit  (LSB). 

15 

.  LDAC 

Load  DAC  Input,  active  LOVP..  This  signal ,  in  combination  with  others,  is  used  to  load  the  DAC 

CSLSB  " 

register  from  cither  the  input  register^r  the  external  data  bus. 

16' 

Chip  SelcCT  Least  Significant  (LS)  Byte.  Active  LOW  input.  Used  iti  combination  with  WR  to  load 
externa!  data  into  the  input  rcgi^icn'r  ill  L.'mhination  with  WR  and  LDAC  lu  load  external  data 

into  both  input  and  DAC  rcgi;  Icr- 

17 

WR 

WRITE  Input.  This  active  loiv  signal,  m  combmation  with  others  is  used  in  loading  external  data 
iniu  the  AD7548  input  register  and  in  transferring  data  from^i^niueegjate^totheji^Qr^iilj^^ 

WR    C5W55  CSLSfe  tOAg 


FUNCTION 


Load  LS  Byte  to  Input  Register. 

Load  LS  Byte  to  Input  Register  and  DAC  Register. 

Load  MS  Byte  to  Input  Register.  ,        o^ltji/^  itn^T 

Load  MS  Byte  to  Input  Register  and  0AC  Bicester; 

Load  Input  Rcgiaer  to  DAC  Rqpsier. 

NoDtfaTimfa'  n  


18 
19 
20 


Vdd 
Vrk». 

R™ 


+  5 V  to  +  1 5 V  Supply  Input. 
Reference  Voltage  Iiqnit. 

Feedback  Resistor.  Used  f«r  normal  D/A  conwsion. 


CONTROL  INPUT  INFORMATION 

Figure  U-shows  the  data  load  timing  diagram  for  the  AD.7548.  Figure  lb  shows  the  simplified  input  control  structure  of  the  AD7548. 


NOTES 

1.  ALL  INPUT  SIGNAL  RISE  AND  FALL  TIMES  MEASURED  FROM  10%  TO  90%  OF  +5V. 

t,  =  t|  =  20ns. 

2.  TIMING  MEASUREMENT  REFERENCE  LEVEL  IS       *  ■  ■ 

3.  CSMSB  tPIN  4)  AND  CSLSB  (FIN  1ft)  MAY  BE  INTERCHANQED. 

4.  FOR  UFT-JUSTIFIEO  DATA  CTRL=  +DV  WTTH  pnOOR=  +5V. 
FORfnOHT-JtJSmED  DATA  CTIIL=  +5V  WITH  WiSSR=  +6V. 

""■      .  -  .  '       -■  H.'  •'-  -  "  ■  C  ......  . 

Figure  t»,tAiX^B4&.Wn^ga[Ha0^an^'   .ti  -yi 


DATA  OVERRIDE 


INPUT  REGISTERS 


Figtjre'ib^sr/HpftftMa  M7i 


Structure ' 
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GENERAL  CIRCUIT  INFORMATION 

The  simplified  D/A  circuit  is  shown  in  Figure  2.  An  inverted 
R-2R  ladder  structure  is  used,  which  steers  binarily  weighted 
currents  between  lotrr  and  AGND,  thus  maintaining  a  constant 
current  in  each  ladder  leg  independent  of  the  switch  state. 

The  input  resistance  at  Vrof  is  constant  and  equal  to  the  value 
"R"  in  Figure  2.  Since  the  input  resistance  is  constant,  the 
reference  terminal  can  be  driven  by  a  reference  voltage  or  a 
reference  current,  ac  or  dc,  of  positive  or  negative  polarity.  (If  a 
current  source  is  used,  a  Jow'tenm^^ure  coefficient  external 
RiiB  is  recomnteBAetf  tEtJdefioe  a»r»ctor). 


+  4-bit  data  to  the  DAC  reglMa-.-The  first  write  cycle  loads  the 
first  byte  of  data  to  the  input  register.  The  second  write  cycle 
loads  the  second  byte  of  data  to  the  input  register  and  automatically 
transfers  both  bytes  to  the  DAC  register. 

Updating  a  single  byte  (High  or  Low)  in  the  DAC  register  can 
be  achieved  in  one  write  cycle  using  the  automatic  transfer 
tnbde. 


>  2fl       >  2R       >  2R                 >  2R 
Isi         |s2         |s3  IsiZ 

;2R 

R 

r-W\r-0  Rf. 
— •  lour 

... 

1       DATA  LATCHES  AND  SWITCH  DRIVERS 

Figure  2.  AD7548  Simplified  Functional  Diagram 

EQuivAt^irr  GSRCurr  analysis 

Figure  3  shows  an  equivalent  circuit  for  the  analog  section  of 
the  AD7548  D/A  converter.  The  current  source  Ii,nAKAGn 's 
composed  of  surface  and  junction  leakages.  The  resistor  Rq, 
denotes  the  equivalent  output  resistance  of  the  DAC  which 
varies  with  input  code  (excluding  all  O's  code)  from  0.8R  to  2R, 
where  R  is  typically  llkll.  Coui  is  the  capacitance  due  to  the 
current  steering  switches  and  varies  from  about  50pF  to  120pF 
I.  lypical  values)  depending  upon  the  digital  input.  g(VRi;|r,  N)  is 
the  Thcvcnin  equivalent  voltage  generator  due  to  the  reference 
input  m^Sa^,  Viu;i:,  and  the  transfer  function  of  R-2R  ladder, 
N. 

For  further  information  on  CMOS  multiplying  D/A  converters 
refer  to  "Application  Guide  to  CMOS  Multiplying  D/A  Conver- 
ters" availatie  fitam  tmS^  Devices,  Publication  Numjt^  .Q479^ 

  R        _  .   -><T  viaM  i 


15-8/78. 


LOAD  BYTE  2  INTO  INPUT 
AND  DAC  REOISTERS. 

Re^^LaSSiMB^SRSr 


Figure  4.  Automatic  Trans^Mo^ 

STROBED  TRANSFER  MODE  ' 
Figure  5  shows  the  timing  diagram  for  the  strobed  transfer  of  8 
+  4-bit  data  to  the  DAC  register.  Three  write  cycles  are  required 
for  this  transfer  mode.  The  first  two  write  cycles  sequentially 
load  bytes  1  and  2  into  the  input  register.  The  third  write  cycle 
transfers  data  from  the  input  register  to  the  DAC  register. 

The  strobed  transfer  mode  allows  the  DAC  registers  of  several 
AD7548's  to  be  updated  simultaneously,  as  shown  in  Figure  13, 
by  means  of  a  master  strobe  signal  connected  to  the  LDAC  of 
each  device. 

A  single  byte  of  data  (High  or  Low)  can  be  transferred  to  the 
DAC  register  in  two  Write  cycles  using  the  strobed  transfer 
mode. 


\  ^     BYTE  1     ^  ^      BYTE  2^^- 


Figure  3.  AD7548  Equivalent  Analog  Output  Circuit 
DATA  LOADING 

The  AD7S48  accepts  incoming  data  itreldfgf  tett-jttstJBed  format 
or  right-justified  format  depending  on  the  control  inputs  DF/DOR 
and  CTRL. 

(See  pin  description  of  DF/DOR  and  CTRL  on  preceding 

page). 

Two  operating  modes  are  possible  for  controlling  the  transfer  of 
data  from  the  input  register  to  the  DAC  register,.- the^automati^ 
transfer  mode  and  the  strobed  transfer  mode. 

AUTOMATIC  TRANSFER  MODE 

This  is  the  simplest  and  fastest  method  of  transferring  data  to 
the  DAC  register.  It  is  facilitated  by  connecting  LDAC  to  dther 
CSMSB,  as  shown  in  Figure  10,  or  CSLSB. 
Figure  4  ^^^,tlii^{iBnng  diagram  for  automatic  transfer  of  8 


TRANSFER  DATA 
FROM  MPOT  REGISTER 
TODACRtUBIBt. 

AMAUM  oumir  uM»ia>. 
Figure  S.  Strobed  Transfer  Mode 
DATA  OVERRIDE 

The  contents  of  the  DAC  register  can  be  overridden  by  pulUiig 
DF/DOR  (pin  5)  LOW.  The  CTRL  (pin  6)  input  then  determines 
whether  the  DAC  register  data  is  overidden  by  all  Os  (CTRL 
LOW)  or  all  Is  (CTRL  HIGH).  This  feature  allows  the  <iser  to 
calibrate  the  AD7S48  in  circniu  such  as  Figure  6  widtottt  calling 
on  the  microproGeaspr-'to  fawttiallbBiBBtf'drtl.  <r>ug'^ 
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Applying  the  AD7548 


UNIPOLAR  BINARY  OPERATION 

(2-QUADRANT  MULTIPLICATION) 

Figure  6  shows  the  analog  circuit  connections  required  for  unipolar 

bioa^  Operation.  With  a  dc  input  voltage  or  current  (positive  or 

negative  polarity)  applied  at  pin  19,  the  circuit  is  a  unipolar 

D/A  converter.  With  an  ac  input  voltage  the  circuit  provides  2- 

quadrant  multiplication  (digitally  controlled  attenuation). 

Table  I  shows  the  code  relationship  for  the  circuit  of  Figure  6. 

For  full  scale  trimming  the  DAC  register  is  loaded  with  1111 
1111  1111.  This  is  most  easily  accomplished  by  using  the  data 
override  fimctioa.  Rl  is  then  adjusted  for  Vout=  -Vik  (409S/ 
4096).  Alternatively  fiill  scale  can  be  adjusted  by  omitting  Rl 
and  R2  and  trimming  the  reference  voltage  magnitude. 

Capi|j;itor  CI  provides  phase  compensation  and  helps  prevent 
1^  when  using  hi^  speed  «q>  amps. 

■I  >!  ■    .  v. 


NOTES 

1.  CONTROL  INPUTS  OMITTQ}  FOR  CLAMTV. 

2.  R,  =  100ll,  Rz=33U  FOR  Mi.  GRADES. 

3.  SEE  APPLICATION  HINTS. 


Figurv^e.  Unipolar  Binary  Operation 


Table  I.  Unipolar  Binary  Code  Table  for  Circuit  of  Figure  6 


Binary  Number  in 
DACRegi^er 
MSB  LSB 

Analog  Output,  Vqut 

1111    1111  1111 

V  i'*"'^^] 
"^'^(409^) 

1000    0000  0000 

0000    0000  0001 

"'^'^(40^) 

0000    0000  0000 

OV         "    ''  ' 

BIPOLAR  OPERATION 

(4-QUADRANT  MULTIPLICATION) 

Figure  7  and  Table  II  illustrate  the  recommended  circuit  and  ' 

code  relationship  for  bipolar  operation.  The  circuit  uses  offset 

biiury  input  coding.  However,  2's  complement  coding  can  be 

accommodated  if  the  MSB  is  inverted  (done  in  software)  before 

data  is  loaded  into  the  DAC. 

With  the  DAC  register  loaded  to  1000  0000  0000,  adjust  Rl  for 
VouT=OV  (altenutiyi^yimM^«aa  dmit.Rli  and  R2  and  adjust  the 
ratio  of  R3  and  R4  for  Votn'=.(^-  7till  Scale  trimming  can  be 
accomplished  by  adjusting  the  amplitude  of  Vm  or  by  varying 
the  value  of  RS. 

R3,  R4  add  K$  must  be  sdected  to  match  within  0.01%  and 
they  should  be  the  same  type  of  resistor  (preferably  metal  film) 
so  that  their  temperature  coefficients  match.  Mismatch  of  R3  to 
R4  causes  both  offset  and  fiill  scale  error.  Mismatch  of  RS  to 
R4  and  R3  causes  full  scale  error. 


NOTES 

1  CONTROL  INPUTS  OMITTED  FOR  CLARITY. 

2  R.^IDOlt.  R^^33il  FOR  ALL  GRADES. 

3  SEE  APPLICATION  HINTS. 


Figure  7.  Bipolar  Operation  (Offset  Binary  Coding) 


ff|^  //.  Bipolar  Code  Table  for  Offset.^nary  Circuit  of 
Figifr^.  7  . 


'          Binary  Number  in 

DAC  Register 
MSB  LSB 

Analog  Output,  Voirr 

1111    1111  1111 

1000    0000  0001 

•*'^'n(2^) 

1000    0000  0000 

OV 

0  111    1111    1  1  1  1 

"■^'^(2^8) 

0000   000  0.  0000 

V  /2048\ 
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SINGLE  SUPPLY  OPERftTION- 

Figure  8  shows  the  AD7548  connected  in  a  vgltage  switching 
mode.  The  input  voltage  is  connected  to  lour-  The  I>(A  opnverti^ 
outlet  mbftgysiM!fS?rp9''^  the  Vref  pin  and  has  :>  amstant 
impedance  eqwd,to  R.  Rfb  >s  not  used  in  this  drcuit.  The  input 
voltage  Vifj  must  always  be  positive  with  respect  to  AGND  in 
order  to  prevent  an  internal  diode  from  turning  on.  To  maintain 
linearity  the  input  voltage  should  remain  within  2.SV  of  AGND 
with  V„D  from  +  12V  to  +  15V. 

The  output  voltage  Vour  of  Figure  8  is  ei^pmsseAm . 

Where  D  is  a  fractional  representation  of  the  digital  input  word 
(OsD^4095/40%). 


Figures.  Single'Supply  Operation  Using  Voltage  Switching 
Mode 


APPLICATION  HINTS 

Output  Offset:  CMOS  D/A  converters  in  circuits  such  as 
Figures  6  and  7  exhibit  a  code  dependent  output  resistance 
which  in  turn  cause  a  code  dependent  amplifier  noise  gain.  The 
effect  is  a  code  dependent  differential  nonlinearity  term  at  the 
amplifier  output  which,  depends  on  Vqs  where  Vos  is  the  amplifier 
input  offset  voltage.  To  maintain  monotonic  operation  it  is 
recommended  that  Vqs  be  no  greater  than  (25  x  IO  'XVref)  over 
the  temperature  range  of  operation.  Suitable  op  amps  are  AD517L 
and  AD544L.  The  AD517L  is  best  suited  for  fixed  ref«r^ce 
applications  with  low  bandwidth  requirements:  it  has  extremely 
low  offset  (SOp.V)  and  iii  most  application^  mil  not' require  an 
offset  trim.  The  ADS44L  has  a  much  wider  bandwidth  and 
higher  slew  rate.i)i)d  is  recommended  for  multifdying'and  other 
applications  requiring  fast  settling.  An  offset  trim  cm  the  ADS44L 
may  be  necessary  in  some  circuits. 

General  Ground  Management:  AC  or  transient  voltages  between 
AGND  and  DGND  can  cause  nbisie  injection  into  the  analog 
output.  The  sim|>lest  method  of  ensuring  that  voltages  at  AGND 
and  DGND      equal  is  to  fie  AGND  andi  POND  together  at 


the  AD7548.  In  more  complex  systems  where  the  AGND  and 
DGND  intertie  is  on  the  backplane,  it  is  recommendedjhat  two 
diodes  be  connected  in  inverse  parallel  between  the  AS^48  . 
AQM.I5  and  DGND  pins  (1N914„OT^  ,r 
TempetAture'Go^BolHits:  The  idk  lld|Sfa«He  coefficieBt  df 
the  A^^54&  has  a  nuE^niuin 

of  2ppni/°C.  Tins  conei^nds  usaiNHIEitl^'^n  ^iftsttf  2L$Bs 
and  O.SLSBs  respectively  over  a  100%  tonperature  lUge-  WHen 
trim  resistors  Rl  and  R2  are  used  to  adjust  ftill  scale  range,  the 
temperature  coefficient  of  Rl  and  R2  should  also  be  taken  into 
account.  The  reader  is  referred  to  Analog  Devices  Application 
Note  "Gain  Error  and  Gain  Temperature  Coefficient  of  CMOS 
Multiplying  DACs",  PubUcation  Number  £630-10-6/81. 

High  Frequency  Considerations:  AD7548  output  capacitance 
works  in  conjunction  with  the  amplifier  feedback  tesistance  to 
sM'i  'lp^  to'M'(^pm4q<4i  respees^^Ui      Cause  tis^at  er 
osdWili&aJSti^fy' (^''Se'nstii^  phSse  oraiped- 

salion  capacitor  in  parallel  with  the  feedback  resistor. 

Feedthrough:  The  dynamic  performance  of  the  AD7548  will 
depend  upon  the  gain  and  phase  stability  of  the  output  amplifier, 
together  with  the  optimum  choice  of  PC  board  layout  and  de- 
coupling components.  A  suggested  printed  circuit  layout  for 
Figure  6  is  shown  in  Figure  9  which  minimizes  feedthrough 
from  Vi^'^4h^.«)|^pi;ti|MBultqdyiiig  applications. 


 ~AI»S4S 


NOTE  INPUT  GUARD 
TO  REDUCE 
 FEE^HKOUGH 


Figure  9.  Suggested  Layout  for  AD7548  and  Op  Amp 


For  additional  information  on  multiplying  DACs  refer  to  "Ap- 
plication Guide  to  CMOS  Multiplying  D/A  Converters",  Publi- 
cation Number  G47S>-lS-8/78,  available  from  Analog  Devices. 
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MICROPROCESSOR  INTERFACING 
AD7548  -  MC6800  INTERFACE 

A  typical  6800  configuration  using  the  autonratic  transfer  mode 
of  the  AD7S48  is  shown  in  Pigoie  10.  Table  HI  gives  a  sample 
loading  routine  written  in  i?6«ntrant  form'.  Data  load  and  store 
instruc^ns  u«e  .ext«nded.:addfes^g./][he.  12<^it,di^;io:be  :. 
passed- to  the,  W^routiiK^  js  stored  in  loeatirats  ^VX:»nd  iPQDl 
l:;'Ths:d«t4is  cQB^dei«d  ijghi^jlustified  .fRih      ®w  m>st ,. 
significant  bits  occupying  the  lower  half  of  XXYY  ^*-  U  The:  > 
AD7S4g  is  assigned  a  base  address  of  PPQQ.  This  address 
selects  the  low  byte  rqsista  of  the  AD7S48.  Address  PPQQ  + 
1  selects  both  the  high  byte  regist^  and  the  LDAC  control 
input.  ,  .  . 


AD7548  -  8085A  INTERFACE 

Figure  1 1  shows  a  typical  AD7S48  to  808SA  microprocessor 
interface  coniigtired  for  automatic  transfer  of  8  -t-  4-bit  right-jus- 
tified data.  Table  IV  gives  a  sample  loading  routine  written  in 
re-entrant  form.  The  12-bit  data  to  be  passed  to  the  subroutine 
is  stored  in  locations  XXYY  and  XXYY  +  1.  The  four  most 
significant  data  bits  occupy  the  lower  half  of  XXYY  +  1.  As 
before,  addresses  PPQQ  and  PPQQ  +  1  select  the  CSLSB  and 
CSMSB/LDAC  cpntnd  ffsgpt^  res^ectiv«[ly .  Sim:«  on^y  njn,  in- 
structions (LHLO,  SHilu)  are  feqiiked  to  Sbth  fetch  ukI  koad 
the  12-bit  data  word  to  the  AD7S48,  k  teag  be  mrac  e£Beient  to 
insm  these  instructionsjss  Q^uired  in  the  main  program  rather 
than  use  a  subroutine  fuch  as  iflustrated  hoe. 


ADDRESS  BUS 


Figure  10.  AD7548-  MC6800  Interface  (Automatic  Transfer 
Mode) 


Figure  1 1.  A07S48  -  8tX5A  Interface  (Automatic  Transfer 
Mode) 


Table  IV.  Sample  Routine  for  AD7S48-808SA  Interface 


WWZZ 


Sample  Routine  forAD7548-  MC6800 Interface 

7548 

CALL 
PUSH 

7548 
PSW 

Push  register  contents 

JSR 

WWZZ         Jump  to  AD7548  subroutine 

PUSH 

H 

PSH  A 

Push  A  onto  stack 

TPA 

LHLD 

XXYY 

Fetch  12-bildaIa 

PSH  A 

Push  CCR  onto  stack 

SHLD 

PPQQ 

Load  12-bit  data 

LDAA 

$XXYY 

POP 

H  ! 

Pop  register  contents 

STAA 

$PPQQ  LoadlowbvtetoAD7548 

from  stack 

LDAA 

$XXYY+ 1 

POP 

PSW 

STAA 

$PPQQ  +  1    Load  high  byte  to  AD7548 
and  update  analgg  Oiiqsut 

RET 

Return  to  main  program 

PULA 

TAP 

Pull  CCR  from  stack  " 

PULA 

Pull  A  from  stack 

RTS 

Retumto  matt  program 

1 
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AIM.  <s&^«^o  Mil  1^  uiiciiaccu  Lu  ulc  m\jowi7  microprocessor 
as  shown  in  Figure  12  for  automatic  transfer  of  8  +  4-bit  data. 
Similar  to  the  8085A  instructipns  LHLD  and  SHLD,  the  6809 
has  two  instructions  to  fetch  and  store  12-bit  (16-bit)  data  to  the 
AD7548,  LDD  and  STD.  However,  in  the  6809,  the  high  byte 
of  data  is  moved  first,  then  the  low  byte  (this  is  the  opposite  of 
the  808SA).  This  means  that  if  the  12-bit  data  is  assumed  to 
reside  at  addresses  XXYY  and  XXYY+ 1  then  XXYY  must 
contain  the  high  byte.  It  also  means  that  the  address  decoding 
logic  of  Figure  1 1  must  be  slightly  changed  so  that  the  even-order 


to  Bug  the  high  byte  first.  In  this  automatic  transfer  configuration 
LDAC  is  tied  to  the  CSLSB  input.  The  AP7S48  analog  output 
can  thus  be  updated  using  only  two  insti^udM^  iis  follows: 

LDD  $XXYY 
STD  $PPQQ 

The  strobed  transfer  configuration  is  shown  in  Figure  13  with  a  de- 
dicated  decoder  output  assigned  to  each  chip  select  input.  The  com- 
mon LDAC  signal  allows  simultaneous  update  of  both  AD7S48 
DAC  registers. 


AMIS 


ADDRESS  BUS 


A0IME88 


Figure  M.  AD7548  -  MC6809  Interf^  ^Automatic  Transfer 
Model 
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CSLSB 
CSMSB 

LDAC 

DFfDOR 

AD7548 

CTRL 

WR 

080- 

DB7 

CSLSB 
CSMSB 


-4 


CTRL   I 


*  ".  • 

■  tt/'n*    ^  AT 


Mode} 


tWrmr^fer 
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rigurc  i*t  snuws  a  lypicainx^/ lo  o:hiz  microprocessor  interlace 
configured  for  automatic  transfer  of  right-justified  data.  As  a 
programming  example.  Figure  1 5  shows  a  flow  chart  for  producing 
a  12-bit  (4095-step-max)  voltage  ramp  under  6502  control.  Index 
registers  X  and  Y  of  the  6502  form  a  1 2-bit  counter  with  the  X- 
register  holding  the  low  byte  of  data  and  the  Y-register  the  high 
byte.  Table  V  shows  the  program  Usting.  The  X-register  is 
compared  with  FFh  and  the  Y-register  with  IOh  to  determine 
when  the  ramp  voltage  has  reached  its  maximum  value  (FFFh) 
By  changing  the  comparison  data  in  the  program  the  maximum 
ramp  output  voltage  can  be  varied  from  levels  corresponding  to 
FFFii  down  to  OOOn.  In  the  program  listing  of  Table  V  the 
AD7548  has  been  assigned  contiguous  addresses  0400  (low  byte) 
and  0401  (high  byte  and  DAC  register). 


ADDRESS  BUS 


11 


Figure  14.  AD7548  -  6502  Interface  (Automatic  Transfer 
Mode) 


CLEAR  X 

zzr~ 


LOAD  DAC  REGISTER 


Figure  15.  Flow  Chart  for  Voltage  Ramp  Generation 


Table  V.  Program  Listing  for  Figure  15 


ADDRESS 

OP-CODE 

IMNEMONIC 

OPERAND 

GOOD 

AO 

LDY 

#  00 

01 

00 

02 

A2 

LDX 

♦  00 

03 

00 

04 

4C 

JMP 

0008 

05 

08 

06 

00 

07 

Eg 

INX 

08 

8E 

STX 

0400 

09 

00 

OA 

04 

OB 

8C 

STY 

0401 

DC 

01 

CD 

04 

OE 

EO 

CPX 

*  FF 

OF 

FF 

10 

DO 

BNE 

0007 

11 

F5 

12 

C8 

INY 

13 

CO 

CPY 

*  10 

14 

10 

15 

DO 

BNE 

0002 

16 

EB 

17 

FO 

BEQ 

0000 

0018 

E7 
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AD7548 


AD7548  -  Z80  INTERFACE 

Figure  16  shows  a  typical  AD7548  to  Z80  microprocessor  interface 
configured  for  automatic  transfer  of  right-justified  data.  Similar 
to  the  8085A  and  6809  cases,  16-bit  load  instructions  are  available 
in  the  Z80  which  can  fetch  and  load  12-bit  data  to  the  AD7548. 
Since  the  low  byte  of  data  is  moved  first  and  assuming  the  12- 
bit  data  resides  at  addresses  XXYY  and  XXYY  +  1,  address 
XXYY  must  contain  the  low  byte.  As  before,  addresses  FPQQ 
and  PPQQ  -t-  1  select  the  AD7548  CSLSB  an<J  CSMSB/LDAC 
control  inputs  respectively.  Choosing  the  Z80  register  pair  BC 
to  hold  the  12-bit  data,  the  two  instructions  re^as^  ^n  i^^ftee 
the  AD7548  analog  output  are  as  follows:  ' 

LD  BC,  (XXYY)  I 
,    LD  (PPQQ),  BC 


ADDRESS  BUS 


3"^ 


 .      :iPAi»:>lte,rigi«i)i  nii>  i      .r   ^  .  i 

•LINEAR CIRCUITS* IStafWh)  '  '  '  bfts  SJvrt  li--  jii 

FOR  CLARITY 

Figure  16.  AD7S48-Z8Olnimtm!e1Mutomatk!TtWSf0t~ 
Mode)        ■    -  .  •—  
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ANALOG 
DEVICES 


CMOS  8-Bit  }tP  Com^Ue 
12-Bit  D/A  Converter 


PIVI-7548 


FEATURES 

•  8-Bil  Bus  Compatible  12-Bit  DAC 

•  Versatile  Microprocessor  Interface  with  Selectable  fKiita 
Input  Format  and  Data  Override 

•  Faster  Interface  Timing 

•  High  Accuracy:  Low  ±1/2  LSB  INL  Error  Over 
Temperature  and  ±1  LSB  Gain  Error 

•  Superior  Power  Supply  Rejection 

from  +5V  to  +15V  0.001%/%  Max 

•  Low  Feedthrough  Error  and  Digital  Charge  injection 

•  Data  Inputs  Designed  with  ESD  Protective  Circuitry 

•  ^fNarrow  (0.3")  DIP  Packages  Suitable  for  Auto-Insertion 

•  Superior Direct Repiaeement for AD'^fli  ■•  ■ 

•  Full  Four  Quadrant  Multlpiica'tfdn  '  • 

•  Available  In  Die  Form 


APPLICATIONS 

•  Process  Control  -  f 

•  Programmable  Amplifiers 

•  Digitally  Controlled  Power  Supplies 

•  Digitally  Controlled  Attenuators 

•  Digitally  Controlled  Filters  ' 

ORDERING  INFORMATION  ' 


.a 


PACKAGE:  »M>IN 

EXTENDED 

MILITARY- 

INDUSTRIAL 

COMMERCIAL 

GAIN 

NON- 

TEMPERATURE 

TEMPERATURE 

TEMPERATURE 

ERROR 

LINEARITY 

-55°Cto  +125°C 

-40°Cto+85°C 

0°Cto+70°C 

±1  LSB 

±1/2  LSB 

PM7548AR 

PM7548ER 

PM7548GP 

±2  LSB 

±1/2  LSB 

PM7548BR 

PM7548FR 

±2  LSB 

±1/2  LSB 

PM7548BRC/883 

PM7548FP 

±2  LSB 

±1/2  LSB 

PM7548FPC 

±2  LSB 

±1/2  LSB 

PM7548FS 

*    For  devices  processed  in  total  compliance  to  MIL-STD-883,  add/883  after  part 

number.  Consult  factory  forSBS  datasheet, 
t    Bum-in  is  available  on  commercial  and  industrial  twnperature  range  parts  in 

CerDIP,  plastic  DIP,  and  TO^^m  packages. 


FUNCTIONAL  BLOCK  DIAGRAM 


Vhef(>!5 


I — wv- 


DAC  REGISTEn 


INPUT  REGISTERS 


^Rfb 


-O  DF/DOR 
rO  CTRL 


-O  LDAC 
k>  WR 
^  CSLSB 
^-O  CSMSB 


DBTMSB  DB0L8B 


CROSS  REFERENCE 


PMI 

ADI 

TEMPERATURE  RANGE 

PM7548AR 

AD7548TD 

MIL 

PM7548BR 

AD7548SD 

PM7548ER 

AD7548BQ 

IND  , 

PM7548FR 

AD7548AQ 

PM7548GP 

A07548KN 

PM7548FP 

AD754aJN 

-,  .  ,  ,  -  COM 

PM7548FPC 

AD754aJe.,,^,l^ 

GENERAL  DESCRIPTION 

The  PM-7548  is  a  12-bit  resolutiion,  cuj'rent  output,  CMOS 
D/A  converter  with  a  microprocessor  interface  for  8-bit 
busses.  Its  Improved  accuracy  and  inputs  designed  with  ESD 
protection  circuitry  make  it  a  superior  pin-compatible  replace- 
ment to  ttie  industry  standard  7548.  These  performance 
irjriprovements  permit  the  upgrading  of  existing  designs  with 
greater  accuracy  and  ruggedness.  Tighter  linearity  and  gain 
error  specifications  may  permit  a  reduced  circuit  parts  count 
"^Rroii^h"  flte  elimination  of  trimming  components.  The  PM- 
^48  is  ayaUable  in  standard  plastic  and  CERDIP  packages 
that  are  compatible  with  Mito-insertion  equipment. 

The  PM-7S48's  versatile  interface  allows  data  to  be  loaded 
into  an  output  register  in  two  bytes.  The  PM-7548  can  accept 
data  right  or  left  justified,  least  or  most  significant  l^e  first, 
under  microprocessor  control.  Faster  interface  timing Jtiih- 
Imlzes  microprocessor  wait  states. 

Analog  output  updating  and  the  loading  of  new  data  into  the 
input  registers  may  be  coincident  or  separated  in  time  by  use 
of  the  LDAC  control  Input.  This  allows  user  control  of  data 

update  and  analog  output  update  timing. 

Data  override  control  allows  full-scale  or  zero-scale  analog 
outputs  without  altering  the  contents  of  the  DAC  registers. 
This  permits  the  user  to  perform  circuit  calibration  without 
the  need  to  load  calibration  dat^Hnta  thft  OA^registers. 


PIN  CONNECTIONS 


20-PIN 
EPOXY  MINI-DIP 
(P-SufHx) 

20-PIN  HERMETIC  DIP 

(R-Suffix) 

20-PIN  SOL 
(S-Suffix) 

9  ° 

11   I  J  I 


20-CONTACT  LCC 
(RC-SuffIx) 

20-COMTACT  PLCC 
(PC-SUffIX) 


 <  UJUJLLlNbiJS 

CSMSB  T\  [Tb  Vdd 

DF/*DOR  T]  WR 

CTRL  T]  {is  etuft 

(M8B)OB7  7}  ^  tSIE 

DBS  T]  DB0(LSB} 

S  I  s  s  s 

a  5  o  o  o 
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ABSOLUTE  MAXIMUM  RATINGS  (T^  =  +25»C.  unless 
otherwise  noted.)  " 

V[jo(loGND)  +17V 

VpgP  (to  GND)  ±25V 

Vppg{toGND)  ±25V 

Digital  Input  Voltage  Range  „  -0.3V  to 

Output  Voltage  {Pint,  Pin  2)  -0.3  to  V^^ 

Operating  Temperature  Range 

AR/BR/BRC  Versions  -SS-Cto  +125<'C 

ER/FR/FP/FPC/FS  Versions  -40''C  to  +85»C 

GP  Version  CCto  +70°C 

Junction  Temperature  +150°C 

Storage  Temperature  -65°Cto  +150°C 

Le8itTflm|aBtatura(Soldetlng,'feb  sec)   +300°C 

:  '.J  .'uqnio  Insnuo  .(.ijrAh:-^^-  n.i-:,;  t  .  i  .v-iVi"  . 
-!•  1..    .  )Rtietni  iO£aa30>',  ,  -  <•  A  i 


PACKAGE  TYPE 

?IC 

UNITS 

20-Pln  Hermetic  DIP  (R) 

78 

11 

-CW 

20-Pin  Plastic  DIP  (P) 

69 

27 

•CAW 

20-Comact  LCC  (HC,  TC) 

88 

33 

-CM 

20-Pin  SOL  (S) 

88 

25 

°C/W 

20-ContactPLCC(PC) 

73 

33 

°C/W 

NOTES: 

1 .  Is  specified  tor  worst  case  mounting  conditions,  i.e.,  s.  .  is  specified  tor 
device  In  socket  tor  CerDIP,  P-DIP,  and  LCC  padfages:  e.^  Is  speclfed  for 
device  soldered  lo  printed  circuit  board  for  SOL  and  PLCC  packages. 

CAUnON: 

1 .  Do  not  apply  voltages  higher  than  Vq.  or  less  Itian  GND  potential  on  any  ter- 
minal except  V^^p  (Pin  17)  and  Rpg(Pln  18). 

2.  The  digital  control  inputs  are  zener  protected;  however,  permanent  damage 
may  occur  on  unprotected  units  from  high-energy  electrostatic  fields.  Keep 
units  In  conductive  foam  at  all  times  until  ready  to  use. 

3.  Use  proper  antistatic  handling  procedures. 

4.  Absoluts  Maximum  Ratings  apply  to  botii  packaged  devices  and  dice. 
Stmsaas  ataow  t^        MtMiw.»ftWiBe4lBi!iW  '^''^  "W^^ 


pamunent  damage  id  the  deyiee. , 


=  OV;  T, 


ELECTRICAL  CHARACTERISTICS  at  Von  = -^5V,  ■^12V  or +15V;  Vq£p= -flOV;  V^u^  -  .^eND-  -dgnd  "a 

+1 25°C  for  PM-7548AR/BR/BpO,  T^.  = -f^O'C  to  ■^85•C  fat  PM-7548ERffWFP/FPC/FS,  and  T^  =  0»C  to  +70'C  for  PM 
unless  otherwise  noted.  !' 


-55°Cto 
■7548GP, 


PARAIMETER 

SYMbOL  ' 

"tcdNDITIbNV 

PM-7548 
MIN  TYP 

MAX 

UNITS 

STATIC  ACCURACY 

-v"  =  '"C''-- — rrr 

Resolufioa,  .^^.j^^c 

  ^ 

^  Hts' 

lme9ralH05t|«B8t|5nB  « if  j 
(Note  Jl,j,.,,,  ,,,,v,(x.,„ 

INL 

1/2 

LSB 

Differential  Nonlinearlty 
(Note2) 

DNL 

PM-7S48A/E/G 
PM-7S48B/F 

1/2 
1 

LSB 

Ta=+25°C 
PiVl-7548A/E/G 

.'V  - 

Gain  Error 

PM-7548B/F 

2 

LfiB 

(Note  3) 

Gfse 

Ta  =  Full  Temperature  Range 
PM-7648A/E/G 

2 

PM-7648B/F 

Gain  Temperature                 '         '  ' 

CoefticieW(l«i^'3ertt»lnF^I»«o*tBi:l.i«3t>6<-  -  . 

±1 

-.\^'' 

•  ppm/^C 

Power  Supply 
Rejection  Ratio 

. .        ^fe2S*C  ,  ^ , 
'Ta=  Full  n^mpefature  Range 

Ta=+25°C 

±0.5 

±5 

Output  Lealtage 

'lkg 

Ta  =  Full  Temperature  Range 

nA 

Current  (Notes  4, 5) 

1            -       ■            -  •    1  ^.,r- 

PM-7548A/B 
PM-7548E/F/G 

±12 

±100 
±25 

Feedthrough  Error 
(Note  6) 

FT 

at  /=  10I<H2 

5 

All  digital  inputs  LOW 

Ta=  +25°C 

0.002 

i  .r 

Zero  Scale  Error 

Ta  -  Full  Temperature  Range 

LSB 

'  (Notes  12. 13) 

'ZSE 

PM-7548A/B 
PM-7548E/F/G 

0,07 
0.01 

|nput  R^isiftnce 
(Note  9)  ' 

R|N 

7 

11 

15 

kit 

L 
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i-i-i..^  ■  iiiv^HL.  wriMiinv^i  >.nioiioo  ai  =  +av,  +ii;v  or +i£>v;  v„p  =  +10V;  V^^^s  V^Q^p=  Vpg^jp  -  OV;  T^  =  -55°C  to 
+1 25°C  for  PM-7548AFVBR/BRC;  T/---40">Cto+85'<;forPM-7S48ER/FR/FP/n^ 

A  «  ,  ■  If; 


Otherwise  noted.  Continued 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

PM-7548 
TYP 

MAX 

UNITS 

AC  PERFORMANCE 

OulputCurrant      _  £ 
Sotfling  Ttfue 
(NolBs6,7,8) 

's 

,1,1  ■     .  . , 

— 

1 

Digital-Io-Analog 
Glitch  Energy 

(Notsse,  11)  . 

9 

OUT  '-^^     ■  WW 

DAC  Register  Loaded  Alternately 

Hilth  All  nc  ^nH  All  1c 

Wiinftii  us  ano  mii  i  s 

1  -■  '  ■■ .     '  ' 

.  '  ^:  J  •  " 

,.'T0*«AH3  P- 

-  .nV» 

Total  Harmonic 

THD 

Vqcb^ OV      (ff  iKnz 

dB 

Distortion  (Note  6) 

DK&Regiu^UiaiMtiiiRan:  ~ 

Output  Noise 
Voltage  Density 
(Notes  6, 14) 

•n 

lOHztolOOItHz 

Measured  Between  R^g  and  Iq„j 

- 

13 

.4-. 

hV/'/ffe 

nOITAL  INPUTS 

Digital  Input  HIGH 

V,H 

2.4 

V 

Digital  Input  LOW 

0.8 

V 

Input  Leak^ 
Current  (Note  10) 

'll 

±1 

input  Capacitance 
(Note  6) 

8 

~  pF 

ANALOO  OUTPUTS 


Output  Capacitance 

(Note  6) 

'^OUT 

Digital  Inputs  =V,^ 

140 

pF 

Output  Capacitance 
(Notes) 

°OUT 

Digital  Inputs  =  V^^ 

70 

TIMING  CHARACTERISTICS                                                                                    ^  . 

(Note  6) 

Data  Valid 
Setup  Time 

tos 

T^.+2S«C  ' 
Tj^  -  Full  Temperature  Range 

160 

210 

ns; 

Data  Valid 
Hold  Time 

>DH 

T^-+25"C 

T.  -  Full  Tempeialura  Ramw 

10 

10 

 'lit  

ns 

CSMSBorCSLSB 
to  WR  Setup  Time 

Ws 

 °  —  f  - 

T^.+ZS-C 

T^  =  Full  Temperature  Range 

0 

0 

ns 

CSMSB  orCSLSB 
to  WR  Hold  Time 

■CWM 

T.  =  .25"C 

T^  =  Full  Temperature  Range 

0 
0 

ns 

LDAC  to  WR 
Setup  Time 

'lws 

T^  =  +25°C 

T^  =  Full  Temperature  Range 

0 
0 

ns 

LDAC  to  WR 
Hold  Time 

'lwh 

T^  =  Full  Temperature  Range 

0 
0 

ns 

Write  Pulse  Width 

T^  -  +25°C 

T^  -  Full  Temperature  Range 

120 
120 

ns 

NOTES: 

1 .  ±1  /2  LSB  >  10.01 2%  of  Full  Scale. 

2.  All  grades  are  monotonic  to  12-bits  over  temperature. 

3.  Using  internal  ieedback  resistor. 

4.  Applies  to  Igy^  digital  inputs V,  ^. 

5.  Specification  also  applies  for  AGND  with  ail  digital  inputs  =  V,^. 

6.  Guaranteed  by  design  and  not  subject  to  test. 

7.  Ipy.^  Load  =  1 0On,  C^^.^  =  1 3pF,  digital  Inputs  =  OV  to  V^p  or       to  OV. 

8.  Extrapolated  to  1/2  LSB:  t^  =  Propagation  Delay  (Ipu)  +9t,wheret- 
measured  first  time  constant  of  the  final  RC  decay. 

g.  Absolute  temperalure.coefficient  is  approximately  +50ppm/(C. 


10.  Digital  inputs  are  CfwlOS  gates;  l,^  is  typically  1  nA  at  425*^. 

1 1 .  VpgP  =  OV,  all  digital  inputs  =  OV  to  V^,,  or  V^^  to  OV. 

12.  V„p  .  +10V,  all  dIgilBl  inptits  ~  OV. 

13.  Ca&,ilated  from  worst  case  R„^p:  l^g^  (in  LSBs)  -  (R^^p  x  l^^g  x  4096)/ 

14.  Calulated  from  e^  =V4K  TRB 
where:  K  =  Boltzmann  Constant,  H'Y. 

T  =  Resistor  Temperature,  *K 
R  =  Resistance,  a 
B=  Bandwidth,  Hz. 
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ELECTRICAL  CHARACTERISTICS  at  V^^  =  +12V  or  +15V;  V^^^  =  +1 OV;  V^^j^  =  V^^^^  =  Vq^^q  =  OV;  =  -55»C  to  +125°C 
tor  PM-7548AR/BR/BBC,  T^  =  -40»C  to  +85''C.^r  PM-7548ER/lfFVfP/R'^i^S,  and  T^^  r-  0°Q  to  +70°C  for  PM-7548GP,  unless  oth- 
erwise noted. 


PARAMETER 


CONDITIONS 


PM-7548 
MIN      TYP  MAX 


POWER  SUPPLY 


V[)D  Range 


Supply  Current 


All  digital  iriputs  =  Vi^^h  or  Vji^i, 

^^i%jBf>Mjt8wtsO.\t.oryBp— 


eLECTRICAL  CHARACTERISTICS  at  Vdd  =  +5V;  Vref  =  +10V;  Vqut  =  Vagnd  =  Vdgnd  =  9v;  Ta  =  -^S-C  to  +125"'C 
for  PM-7548AR/BR/BflC,  Ta  =  -25''C  to  +85-0  for  PM-r548ER/FR,  and  Ta  =  0°C  to  +70''C  for  PM-754«©P/HP/HPC,  unless 
otherwise  noted;  '     -    _    —  — .  


:   " '  PM-7548 

PARAMETER 

SYMBOL 

conditions 

.  ^  .        MIN      TYP  MAX 

UNITS 

Pow^'sum.^' 

.     ,   ■..  .*■ 

VoD  Range  " 

4.75  ■      S'  ■ 

V 

Sijpply  Current ' 

All  digital  Iriputs  =  Vi^gn  or 

AU digital  Input  =  ev  or  Vqq  .. 

—      120'"    300.  — 

mA 

 i:©  

BURN-JI 


CSkfl  Sikll 


r-^   !  r  i  1  rrr 


BO     B1     B2     B3     B4     B5     B6    B7  Voq 


DF/I55H  

CSMSB 


Or*: 


AGND      OGND      WR    LD^^   CSlSb  CTRL 

~r~r 


 PM-7548 

DICE  CHARACTERISTICS  ^Di  l  £i  ^?T.>'A?iA.      ■;0!>'AMflO^fl3<'  ^: 


DIE  SIZE  A.!#6X  0.130  Inch,  12,480  «q.  mll»  .  ,  ^  -  .  . 

3.33mm, 8.20 «q/lrfmr;  : I  , '  ,'.  r,;     '  TH3nnU3 

 — - — r-r  'uV 


WAFER  TEST  LIMITS  at  Vdd= tSV,  Vref=+10V.  AGND  =  DGND  =flV,  Vout= AGND  =  OV,  Ta  =  +25''C,  ul3|t«it;^ewite#|e^ttd. 


PM-7S48GBC 

MRAMETER 

Iymbol' 

boNDmoNS 

LIMIT 

UNITS 

STATIC  ACCURACY  , 

Resolution 

N 

 '    '      "  L 

Bits  MIN 

Noniinearity 

INL 

±1/2  1 

LSB  MAX 

Differential  Noniinearity 

DNL 

±1/2 

LSB  MAX 

Gain  Error 
(Notel) 

GpSE 

1  ±1 

LSB  MAX 

Power  Supply  Rejection 

PSBR 

AVoD  =  ±5% 

"  ±0.001 

%/%MAX 

Output  Leakage  Current  (Iqut) 

'lkg 

Vdo  =  +15V 
Digital  Inputs  =  V|i_ 

±5 

nAMAX 

REFERENCE  INPUT 

Input  Resistance 

i           Hbee_  _ 

f 

'   .       -    ^BL. 

kn  MIN/MAX 

 -r^  — 

DIGITAL  INPUTS  | 

j 

Digital  Input  HIGH 

-  2.4 

VMIN 

Digital  Input  LOW 

V|L 

j      0.8  ' 

VMAX 

Input  Leakage  Current 

l|L 

Voo*+15V 
■  V|N-0to15V 

±1 

liAMAX 

POWER  SUPPLY                   „  -  . 

VoD  =  +15V 

Supply  Current 

Iqd 

Digital  Inputs  =  V,h  or  Vn 
Digital  Inputs  =  OV  or  v|o 

3 

mAMAX 

1 

NOTES; 

1.   Using  internal  feedback  resistor. 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  Is  notguaran- 
figed  for  standard  product  dice.  Consult  factory  to  negoHalis  spaiMlcations  based  on  dice  lot  tnialHieation  ttirsugh  Miwle  lot  «MieiBb^an#tnH^ 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


MULTIPLYING  MODE 
FREQUENCY  RESPONSE 

vs  DIGITAL  CODE 


MULTIPLYING  MODE 
TOTAL  HARMONIC 
DISTORTION  vs  FREQUENCY 


ALL  BITS  ON 
MSB  B1 


AU-BtraOMP 


SUPPLY  CURRENT  vs 
SUPPLY  VOLTAGE 


I  1 1  mill  I  1 1  mill 

"iN-eVRMs 

OUTPUT  OP  AMP:  OP-42 


FREOUENCV  (Hil 


NONLINEARITY  ERRtfl|'ra 
DIGITAL  CODE 

(Vdd  =  +5VOR+15V) 


NONLINEARITY  ERROR  v 
REFERENCE  VOLTAGE 

(Vdd  =  +5V  OR  +15V) 


1.00 
0.75 

0.50 


-a75 
-xoo 


T" 


1024  2048  3072 

_  DUailAL  INPUT  CODE  (DECIMAL) 


^  0.50 
£  0.25 

< 

Z  -025 

O  -0.50 
z 

-0.75 
-1^ 


-10-8-4-4    -2     0     2     4     B.    8  10 
VR6f  (VOLTS! 


^  O.TS 

1 


NONLINEARITY  vs 
SUPPLY  VOLTAGE 


T,.+»'C 
VREF-+10V 

GAIN  ERROR  vs 
SUPPLY  VOLTAGE 


T^  "  +»'C 
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SPECIFICATION  DEFlNmOMS  "  '  '  ">  '  ' 
BESOLUTION 

The  resolution  of  a  DAC  is  the  number  of  states  (2")  that  the 
full-scale  range  (FSR)  is  divided  (or  resolved)  intoj  Where  "n" 
is  equal  to  the  number  of  bits. 

t 

SETTCtNGTIME 

Time  required  for  the  analog  output  of  the  DAC  to  settle  to 
within  1/2  LSB  of  its  final  value  for  a  given  digital  input 
stimu^us;  i.er^BjJf  te  ti^'l  ^iMSte; —  --   

GAIN 

Patio  of  the  DAC's  external,  operational  amplifier  output 

foltage  to  the  Vf^Ei:  Input  voltage  wfhen  all  dlfltal  Inputs  are 
IIGH. 

feEQTHROUQH  ERROR   

ferror  caused  by  capacftive  coupling  from  Vref  to  output  with 
^11  switches  OFF. 

OUTPUT  CAPACITAj«l€e- 

Capacltance  from  Iqut  terminal  with  all  digital  Inputs  LOW, 
or  on  AGND  terminal  when  all  Inputs  are  HIGH. 

OUTPUT  LEAKAGE  CURRENT 

Current  appearing  at  loujwhen  all  digital  inputs  are  LOW,  or 
St  AGND  when  i*wii||Piffj^W©,rt;;;  , 

GENERAL  CIRCUIT  INFORMATION 

The  PIVI-7548  is  a  12-bit  multiplying  D/A  converter  with  a  very 
low  temperature  coefficient,  R-2R  resistor  ladder  network, 
data-steering  and  control  logic,  and  two  data  registers. 

The  digital  circuitry  forms  a  versatile  interface  between  the 
12-bit  DAC  and  an  8-bit  data  bus.  Several  data  formats  can  be 
accomodated,  single  or  double  buffering  is  available,  and  a 
data  override  function  allows  calibration  data  to  be  loaded 
Into  the  DAC  without  altering  data  stored  in  the  buffer 

Segistels:  "  ']      ;   - 

■IGURE  li:  aSsplifled  DAC  Circuit 
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6 

BIT  3 


6 

BIT  12  (LSB) 


"FEEDBACK 


,D  -  6V/TTL  COMPATIBLE). 


TAL  INPUTS 'HIGH") 

'THESE  SWITCHES  PERMANENTLY  "ON" 


A^impllfied  circuit  of  the  PM-7S48  is  shown  In  Figure  1.  An 
inverted  R-2R  ladder  rietWork  consisting  of  siilcon-Otirome', 
thin-film  resistors,  and  twelve  pairs  of  NMOS  C\irrent- 
steering  switches  steer  binarily  weighted  currents  Into  either 
loujor  AGND.  Switching  current  to  ground  or  Iqut  yields  a 
constant  current  in  each  ladder  leg,  regardless  of  digital 
input  code.  This  constant  current  results  in  a  constant  input 
resistance  at  Vref equal  to  R  (typically  11  kfl).  The  Vrep  input 
may  be  driven  by  any  reference  voltage  or  current,  ac  or  dc, 
that  is  within  the  limits  stated  in  the  Absolute  Maximum  i 
Ratings  chart. 

The  PM-7548  design  incorporates  a  regulator  circuit  which 
assures  TTL  compatibility  at  any  V^d  from  +5V  to  +15V 
across  the  full  rnilitarytemperature  range.  This  regulator  also 
c&titfflitit^to  the  DAC's  exceptional  PSRR  performance, 
and  maintains  timing  pbrformance  Independent  of  supply 
voltage. 

The  twelve  output  current-steering  switches  are  in  series 
with  the  R-2R  resistor  ladder,  and  therefore,  can  introduce  bit 
errors.  It  is  essential  then,  that  the  switch  "ON"  resistance  be 
binarily  scaled  so  that  the  voltage  drop  across  each  switch 
remains  constant.  If,  for  example,  switch  1  of  Figure  1  was 
designed  with  an  "ON"  resistance  of  10  ohms,  switch  2  for  20 
ohms,  etc.,  a  constant  SmW^Sft'JifB  timti:  b©  maintainad. 
across  each  switch. 

To  further  insure  accuracy  across  the  full  temperature  range, 
permanently  "ON"  MOS  switches  are  included  in  series  with 
the  feedback  resistor  and  the  R-2R  ladder's  terminating' 
resistor.  The  "Simplified  DAC  Circuit",  Figure  1,  shows  the 
location  of  the  series  switches.  These  series  switches  are 
equivalently  scaled  to  two  times  switch  1  (MSB)  and  to  switch 
12  (LSB)  respectively  to  maintain  constant  relative  voltage 
drops  with  varying  temperature.  During  any  testing  of  the 
resistor  ladder  or  Rreedback  (such  as  incoming  inspection), 
Vdd  must  be  present  to  turn  "ON"  these  series  switches. 

ESD  PROTECTION  ' 

The  PM-7548  data  inputs  have  been  designed  with  ESD 
resistance  incorporated  through  careful  layout  and  the 
inclusion  of  input  protection  circ|jit;ty.,         ..    ,  ; 

Figure  2  shows  the  input  protection  diodes.  High  voltage 
static  charges  applied  to  the  digital  inputs  are  shunted  to  the 
supply  and  ground  rails  through  forward  biased  diodes. 

FIGURE  2:  Digital  Inpu1[  Protection 


VriRBQULATOR 


DTL/TTL/CM05  . 
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well  below  de!l^^|j^g|^el;Si  4ucipg  i^tatlc  (jischarge 
conditions.  •„ 

EQUIVALENT  CirtCUlt  ANALYSIS 

Figures  3  and  4  show  equivalent  circuits  for  the  DAC  with  all 
bits  LOW  and  HIGH,  respectively.  The  reference  current  is 
switched  to  AGND  when  all  data  bits  are  LOW  and  to  Iqut 
when  all  bits  are  HIGH.  The  Ileakage  current  source  is  the 
combination  of  surface  and  junction  leakages  to  the  sub- 
strate. The  1/4096  current  source  represents  the  constant 
1-bit  current  drain  through  the  ladder's  terminating  resistor. 

Output  capacitance  is  dependent  upon  the  digital  input  code. 
This  is  because  the  gate  capacitance  of  MOS  transistors 
increases  with  applied  gate  voltage.  This  output  capacitance 
varies,  pefw^nth^  yiijiif^  .      .  , 

FIGURE  3:  PM-re48  Equivalent  Circuit  (All  Inputs  LOW) 
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FIGURE  4s  PM-7548  E«))iii«Bterft  Circuit : 
(All  Digital  Inputs  HieiH)  . 
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FIGURE  5:  PM-7548  Data  Input  and  Control  Timing 
Diagram  jfUaiOMUi 
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NOTES: 

1.  ALL  INPUT  SIGNAL  RISE  AND  FALL  TIMES  MEASURED  FROM  10%  TO  9 

t,  =  l,  =  20ns. 

V|H  +  Vii 

2.  TIMING  MEASUREMENT  REFERENCE  LEVEL  IS        ^  , 

3.  CSMSB  {PIN  4)  AND  CSLSB  (PIN  16)  MAY  BE  INTERCHANGED. 

4.  FOR  LEFT-JUSTIFIED  DATA  CTRL  =  -l-OV  WITH  DF/D5R  =  +5V. 
FOR  RIGHT-JUSTIFIED  DATA  CTRL  =  +5V  WITH  DF/CSff  =  +5V. 


FIGURE  6;  Simpllfted  W-?548^'t^^^ 
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DYNAMIC  PERFORMANCE 

lOUTPOT IMPEDANCE 

The  output  resistance,  as  in  the  case  of  the  output  capaci- 
tance, varies  with  the  digital  input  code.  This  resistance, 
looking  back  into  the  Iqut  terminal,  may  be  between  11  kn 
i(the  feedback  resistor  alone  when  all  digital  inputs  are  low) 
,and  7.5kn  (the  feedback  resistor  in  parallel  with  approx- 
'imately  30kn  of  the  R-2R  ladder  network  resistance  when  any 
Isingle  bit  logic  is  high).  Static  accuracy  and  dynamic  per- 
formance will  be  affected  by  these  variations.  The  gain  and 
.phase  stability  of  the  output  amplifier,  board  layout,  and 
power  supply  decoupling  will  all  vaf feet  the  dynamic  per- 
formance of  the  PM-7548.  The  use  of  a  compensation 
capaeitor  may  be  requirecf"Wheii-hlgh=^peed  operational 
(amplifiers  are  used,  it  may  be  connected  across  the  amplj- 
fiers'  feedback  resistor  to  provide  the  necessary  phase 
compensation  to  critically  damp  the  output.        •-  -|-\—  -  - 

The  considerations  when  using  high-speed  amplifiaisAi: 

1.  Phase  compensation  (see  Figures  9  and  10). 

2.  Power  supply  decoupling  at  the  device  socket  and  use  of 
proper  grounding  techniques.  n  . 

INTERFACE  INPUT  DESCRIPTION  " 
CSMSB  (Pin  4)  -  Chip  Select  lUost  Significant  Byte.  Active 
Low.  Selected  either  with  WR,  to  load  most  significant  byte 
data  into  the  input  register,  or  with  WR  and  LDAC  to  load  data 
into  both  input  and  DAG  registers. 


CSLSB  (Pin  16)  -  Chip  Select  Least  Significant  Byte.  Active 
Low.  Selected  either  with  WR  to  load  least  significant  byte 
data  into  the  input  register,  or  with  WR  and  LDAC  to  load  data 
into  both  input  and  DAG  registers. 

DF/DOR  (Pin  5)  -  Data  Format/Data  Override.  When  LOW, 
DAC  is  forced  to  full-scale  orzero-scale  output  as  selected  by 
CTRL.  Use  of  Data  Override  does  not  affect  data  held  in  DAC 
register.  When  DF/DOR  is  HIGH,  CTRL  selects  either  right  or 
left  data  input  format.  DF/DOR  is  normally  held  HIGH. 


DF/DOR 

CTRL 

Function 

0 

0 

DAC  forced  to  zero-scale  (all  zeros) 

0 

1 

DAC  forced  to  full-scale  (all  ones) 

1 

0 

Left-justified  data  format  selected 

■•  1 

1 

Right-justified  data  format  selected 

LDAC  (Pin  15)  -  LoadrlMC  InfMiMWMstSelectei^^With 
other  interface  inputs,  to  load  DA<3-Teg1ster  from"  input 
register  or  external  data  bus. 

WR  (Pin  17)  -  Write  Input.  Active  Low.  Selected,  with  other 
interface  input,  to  load  data  into  input  register  and  to  transfer 
data  from  input  register  to  DAC  register. 

Selected,  with  other  interface  input,  to  load  data  into  input 
register  and  to  transfer  diata  from  input  register  to  DAC 
register. 


WR 

CSMSB  CSLSB 

LDAC 

Function 

,0  - 

-  '  1 

0 

1 

Load  LSByte  to 
Input  Register 

0 

1 

0 

0 

Load  LSByte  to  Input 
and  DAC  Registers 

0 

. 

'  1 
,  1  ; 

1 

Load  IMS  Byte  to 
Input  Register 

0 

0 

t 

0 

Load  IVISByte  to  input 
and  DAC  Registers 

0 

1 

1 

0 

Load  Input  Register  to 
DAC  Register 

-  -1— 

 X 

X — - 

— X— >-^N©^©t*aJl^sfer  -  -  -  - ' 

DATA  LOADING  AND  TRANSFER 
DATA  INPUT  AND  TRANSFER 

Data  may  be  loaded  into  the  mput  register  m  either  a  left-oii 
right-justified  format  The  data  format  is  selected  through  the 
DF/QOR_iand  CTRL  input^  i(refer  to  Interface,  inpu< 
Description).  '  \ 

Data  transfer,  from  the  input  register  to  the  DAC  register,  can 
be  automatic  upon  loading. of  the  second  data  byte  into  the 
input  register  or  can  qocIhf  at  a  Jatef  tjwe  feiwugh  a  strobedf 
transfer.  '        '  ' 

STROBED  DATA  TRANSFER  MODE  :  , 

Strobed  data  transfer  allows  the  full  12-bit  digital  word  to  be 
loaded  into  the  input  register  and  transferred  to  the  DAG 
register  at  some  later  time.  This  transfer  mode  requirggtHree 
write  cycles:  two  to  load  the  new  digital  word,  and  athird  toi 


CTRL  (Pin  6)  -  Control  Input  (Refer  also  to  DF/DOR) 


CTRL  "LOW"  MSB 


 1  1  1  

■LEFT  JUSTIFIED  DATA . 
 I  I  I  


MOST  SIGNIFICANT  BYTE 


LEAST  SIGNIFICANT  BYTE 
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PIGURE  7:  Strobed  Data  Transfer  Mode 
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FIGURE  8:  Automatic  Data  Ti-ansfer  Mode 
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transfer  data  to  the  DAC  register.  Tfie  timing  diagram  for 
:strobed  data  transfer  is  shown  in  Figure  7. 

Strobed  data  transfer  has  two  primary  uses.  By  separating 
data  ioading  and  transfer  operations,  the  timing  of  DAC 
output  updating  may  be  more  precisely  controlled.  Si- 
rhultaneous  updating  of  multiple  PM-7S48s"  can  also  be 
aewow^i^twd  ^ii^mBaiM^mMor  stFobvatgHAli^pIliffit'ta 
the  LOi^  {tins  of  the  OAOs. 


A  single  data  byte  can  be  updated  in  two  write  cycles  with  the 
strobed  transfer  mode. 

DATA  OVERRIDE 

System  calibration  typically  requires  full-scale  and  zero- 
scale  DAC  outputs  (digital  words  all  1s  and  Os  respectively). 
The  PM-7548's  data  override  ability  allows  full-scale  and 
zero-scale  outputs  without  altering  the  contents  of  the  DAC 
and  input  registers,  or  requiring  the  controlling  micro- 
processor to  load  calibration  data. 

Data  override  is  accessed  by  setting  the  DF/DOR  pin  LOW. 
The  CTRL  pin  then  selects  the  override  code:  CTRL  LOW 
yields  all  Os,  CRTL  HIGH  yieldratMST- 

AUTOiMATlC  6«rA  trXNSfeb  M©]^""^" 

Data  may  betransferred  automatically  from  the  input  register 
to  the  DAC  register  while  loading  the  second  (High  or  Low) 
byte.  This  is  the  simplest  and  fastest  transfer  mode,  requiring 
only  two  write  cycles  to  load  and  transfer  a  complete  new 
digital  word.  This  operation  can  be  simplified  by  connecting 
LDAC  directly  to  either  CSMSB  or  CSLSB  so  that  the  write, 
cycle  which  loads  the  second  data  byte  also  initiates  data 
word  transfer. 

The  timing  diagram  for  automatic  transfer  is  shown  in  Figure 
8.  The  first  write  cycle  loads  the  first  data  byte  into  the  input 
register.  The  second  write  cycle  loads  the  second  data  byte 
and  simultaneously  transfers  the  full  data  word  to  the  DAC 
register. 

Automatic  transfer  allows  updating  of  a  single  byte  in  one 
write  cycle.  | 
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APPLICATIONS  INFORMATION 

APPLICATION  TIPS 

In  most  applications,  linearity  depends  upon  the  potential  of 
Iqut  and  AGND  (pins  1  and  2)  being  exactly  equal  to  each 
other.  In  most  applications,  the  DAC  is  connected  to  an 
external  op  amp  with  its  noninverting  input  tied  to  ground, 
(see  Figures  9  and  10).  The  amplifier  selected  should  have  a  low 
input  bias  current  and  low  drift  over  temperature.  The 
amplifier's  input  offset  voltage  should  be  nulled  to  less  than 
±200mV  (less  than  10%  of  1  LSB). 

The  operational  amplifier's  noninverting  input  should  have  a 
minimum  resistance  connection  to  ground;  the  usual  bias 
current  compensation  resistor  should  not  be  used.  This 
resistor  can  cause  a  variable  offset  voltage  appearing  as  a 
varying  output  error.  All  grounded  pins  should  tie  to  a 
common  ground  point,  avoiding  ground  loops.  The  Vqd 
power  supply  should  have  a  low  noise  level  with  no  transients 
greater  than  +17V. 

Unused  digital  inputs  must  always  be  grounded  or  taken  to 
-Vdd;  this  will  prevent  noise  from  triggering  the  high  imped- 
ance digital  input  resulting  in  output  errors,  ft  is  also 
recomrnendedlfet|tfe%,Used4tfl^^^^        fee  t*6rf  tsSHdiWrt 


ar  VoB  "f  ia  a  high  valua  (liwn)  resistor;  this  will  pfwverit  ttie 
adlsufntiliaititfn  af  statli  chftrfe  if  the  PC  cafQ  it  disGonneGteS 
from  the  system.  '  "       '  '       '  -■■icv  '  :  : 

Peak  supply  current  flows  as  the  digital  inputs  pass  through 
the  transition  voltage.  The  supply  current  decreases  as  the 
input  voltage  approaches  the  supply  rails  (VoporDGND),  i.e. 
rapidly  slewing  logic  signals  that  settle  very  near  the  supply 
rails  will  minimize  supply  current. 

OUTPUT  AMPLIFIER  CONSIDERATIONS 

When  using  high  speed '6(fSftpi7&  SfSilMiM&^ck Capacitor 
(typically  15pF)  should  be  used  across  the  afiipii|ier  to 
minimize  overshoot  and  ringing.  For  low  speed  or  static 
applications^  AC  spectfieations  of  the  amplifier  are  not  very 
critical.  In  high-speed  ap'plications,  slew  rate,  settling  time, 
open-ioop  gain,  and  gain/phase  margin  specifications  of  th^ 
amplifier  should  be  selected  for  the  desired  perforrTi^rtce.  II 
has  already  been  noted  that  an  offset  can  be  caused  by 
including  the  usual  bias  current  compensation  resistor  in  the 
amplifier's  noninverting  input-terminal.  This  resistor  should 
not  be  used.  Instead,  the  amplifier  should  havea  biascurrenf 
which  is  low  over  the  temperature  range  of  interest. 


FIGURE  9:  Unipolar  Binary  Operation  with  High  Accuracy  Op  Anip  (2-Quadrant) 


]_1 


FIGURE  10:  Unipolar  Binary  Operation  witti'-Fast  Op  Amp  and  Gain  Error  Trimming  (2-Quadrant) 


me  vrrcuii  ui  rigure  1 1  ana  tne  equation: 
Rf 


VgHROR- VoS 


Where  Ro  is  a  function  of  the  digital  code,  and: 

Ro  =  lOkn  for  more  than  4-bits  of  logic  1     '  i  '* 

Ro  =  30k!!  for  any  single  bit  logic  1 


Therefore,  the  offset  gain  varies,  as  follows: 
At  Code  0011  wmw,' 


«ir< 
lOkf! 


/■■A  TU«?TUO 


At  code  0100  0000  0000 
V 


ERROP  =  Vos(l+ieM1^.4/3Vos 

The  error  difference  is  2/3  Vqs-     u  i  j 


FIGURE  11:  Simplified  Circuit 


Vref 


Since  one  LSB  has  a  weight  (for  Vref=  +10V)  of  2.4mV  for 
the  PM-7548,  it  is  clearly  important  that  Vqs  be  minimized, 
either  using  the  amplifier's  nulling  pins,  an  external  nulling 
network,  or  by  selection  of  an  amplifier  with  inherently  low 
Vqs-  Amplifiers  with  sufficiently  low  Vqs  include  PMI's  OP- 

'77,  opm,  op-tr,  antt  m-m. 

UNIPOLAR  BINARY  OPERATION  (2-QUADRANT) 

The  circuit  shown  in  Figures  9  and  10  maybe  used  with  an  AC 
or  DC  reference  voltage.  The  circuit's  output  will  range 
between  OV  and  approximately  -Vref  (4095/4096)  depend- 
ing upon  the  digital  input  code.  The  relationship  between  the.; 


parameters  for  the  Vref  range  are  the  maximum  input  voltage 
range  for  the  op  amp  or  ±25V,  whichever  is  lowest. 

Gain  error  may  be  trimmed  by  adjusting  R1  as  shown  in 
Figure  10.  The  DAC  register  must  first  be  loaded  with  all  Is. 
This  is  most  easily  accomplished  by  asserting  Data  Override 
HIGH  (DF/DOR  LOW  and  CTRL  HIGH).  R1  may  then  be 
adjusted  until  Vout  =  "Vref  (4095/4096).  In  the  case  of  ja/i 
adjustable  Vref,  R1  and  Rfeedback  fay  l^e  omitted,  with 
Vref  adjusted  to  yield  the  desired  full-scale  output. 

In  many  applications  the  PM-7548's  negligible  zero  scale 
error  and  very  low  gain  error  permit  the  elimination  of  the 
trimming  components  (R1  and  the  external  Rfeedback) 
without  adverse  effects  on  circuit  performance. 

TABti  1:  Unipbfer  BhatV  Cod^  ratife 

DIGITAL  INPUT  NOMINAL  ANALOG  OUTPUT 

MSB  LSB  (VouT  as  shown  in  Figures  9  and  10) 


1111  1111  1111 


\i  /4095\ 
"^"^'=(4696) 


1  000-0000  ooot 


Vref 

2 


0111    1111  1111 


-V|,ef(^^ 


4096  y 


0000  0000  0001 


-VhEF(J--^ 


4096  y 


0000  0000  0000 


-Vref 
t 


NOTES:  ;  _   i 

1.  Nominal  full  scale  for  tfie  circuRs  of  Figures  9  and  10  is  given  by 

2.  Nominal  LSB  magnitude  for  tfie  cirfiUia  otTtg'ClfgrsSna  IffWgNBn  by 


BIPOLAR  BINARY  OPERATION  (4-QUADRANT) 

Figure  12  details  a  suggested  circuit  for  bipolar,  or  offset 
binary  operation.  Table  2  shows  the  digital  input  to  analog 
output  relationship.  The  circuit  uses  offset  binary  coding. 
Two's  complement  code  can  be  converted  to  offset  binary  by 
software  inversion  of  the  MSB  or  by  the  addition  of  an 
external  inverter  to  the  MSB  inpu.t,  i 
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TABLE  2:  Bipolar  (Offset  gimry)  Code  Table 


DrGITAL  iNPtlt 
;  MSB 

LSB 

NOMINAL  ANALOG  OUTPUT 
(VouT  as  shown  in  Figure  12) 

1111 

1111 

■  1000 

0000 

0001 

1  000 

0000 

0000 

0 

1111 

1111 

iirV' 

"^'^^'=(2048) 

0000 

0000 

0001 

w  /2047\ 

0000 

0000 

0000 

V  /2048\ 

NOTES: 

1.  Nominal  full  scale  forlhe  circuit  of  Figure  7  is  given  by 

=  ,,-,..-„.;::„.„.,.:._,...    .  .... 

Z.  Nominal  LSB  jlJMflitMCle-JgMftf^SiiK^itafiFjaufgi^ 

Resistors  R3,  R4,  and  R5  must  be  selected  to  match  within 
0.01%  and  must  all  beof  tiiesame  (preferably  metal  foil)  type 
to  assure  temperature  coefficient  jnatchifig.  Mismatching 
between  R3  and  R4  causes  offset  and  full  scale  errors  while 

an  R5  to  R4  and  R3  mismatch  will  result  in  full  scale  error. 

Calibration  is  performed  by  loading  the  DAC  register  with 
,1000  0000  0000  and  adjusting  R1  until  Vout=  OV,  R1  and  R2 
may  be  omitted,  adjusting  the  ratio  of  R3  to  R4  to  yield  Vout= 
OV.  Full  scale  can  be  adjusted  by  loading  the  DAC  register 
with  1111  1111  1111  and  either  adjusting  the  amplitude  of  Vrep 
or  the  value  of  R5  until  the  desired  Vqut  is  achieved. 


SINGLE  SUPPLY  OPEfl»TtON''Br  •   ~'.^r•c■^^*o^  ' 

Voltage  Switching  Made:  Figure  13  shows  the  Plvl-7548  in  a 
single  supply  voltagfe  switching  mode.  This  circuit  uses  the 
micropowerOP'90to  minimize  supply  current  requirements. 
This  op  amp  allows  the  circuit  output  to  swing  to  ground 
provided  that  theceMrojSiSees8trfts^tiie%^gf0i»trt«f  less 
than  IMn. 

FIGURE  13:  Ultra  Low  Power  Single  Supply  Operafioh 

(Voltage  Switching  Mode)  | 


•out .  ^  Vref 

-  -ri.i  -.-  -jt 

PM-7S48 

AGND 

y\  DGND  B1— B7 


TOTALSUPPUrCURRENT-»l|iA-#l>ieAL  -'  ^  ('l  :5U£  OtBllif    - " 

WHEW  ybigp_#-i5i^  Tj,r^|.^tft     iw^im  CO  w 
•HommtmBBmirrrfniTm'imtsiua'  — 


As  shown,  a  reference  voltage  is  applied  to  Iqut  and  the 
buffer  op  amp  is  tied,  in  a  noninverting  orientation,  to  the 
Vrep  pin.  The  DAC's  R-2R  ladder  acts  as  a  voltage  divider,  its 
output  voltage  at  the  Vrep  pin  having  an  impedance  of  R 
(typically  11  kO).  '■  ' 


FIGURE  12:  Bipolar  Operation  (4-Quadrant) 
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The  applied  reference  voltage  must  always  be  positive  wi:h 
respect  to  AGND.  This  will  avoid  the  forward  biasing  of  an  internal 
diode  found  between  l^u^and  AGND.  The  reference  voltage  must 
also  be  maintained  within  +2.5V  of  AGND  (with  V^^  between 
-1-1 2V  and  -f  1 5V)  to  maintain  linearity. 

The  0QtpQtvo84dw«m«$«lRStt«MiWMi^ 

/Ri  +  R2\ 


FIGURE  15:  Analog/Digital  Divider 


VouT  =  Vref  (n/4096) 


where  n  is  the  decimal  equivalent  of  the  digital  input  word.  The 
i'ifcifli"'>  °*  '^1  ^"'^  ^2  '"^^    varied  to  give  the  desired  output  range. 

palse  Ground  Moide:  Single  supply  operation  can  be  im- 
plemented In  a  current  steering  mode  as  shown  in  Figure  1 4.  In 
this  circuit,  analog  ground  Is  offset  to  £r false  ground,  typically 


+5V.  V^^j  ranges  between  +5Jff< 
digital  code  and  the  V_ 


Ifng  on  the 


'out"  "offset"^  V'OFFSET' 

Where  n  is  the  decimal  equivalent  of  the  digital  input  word. 

This  configuratiqn' allows  the  use  of  an  op  amp  which  camol 
operaie  down  t&OV>  or  trvje"  ground.  For  best  linearity,  V^^ 
stvnm^m  tea^  1  dV  aMn^  the  gr««^ 


FIGURE  14:  Single  Supply  Operation  ror 
(False  Ground,  Current  Steering  Mode) 
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ANALOG/DIGITAL  DIVISION 

The  transfer  function  forthe  PM-7548  connected  in  the  multiplying 
^radeasshowninFlgure15is:  ' 

\2'     2=     2^  2"j 

Where  Ay  assume  a  value  of  1  forantJN'bitandOfbran  "OFR^ 
bit. 


■■■(_  ■  .  ■  . ;    ■  1  " , 

DIGITAL 
^  INPUTS  ^ 

?  ■                               ■■  --i".,' 

V.hO — 

4 

20 

17 
18 

— 0+i»y         ■■  f  - 

PH 

-7548 

'OUTI 

1 

2 

19 

3 

Vref 

AGWDl 

_|_DGND 

2 

'       .  >■ 

3 

OP-42^ 

6 

'  OVoyr,, 

"  ■■J  '.     '.      ■  '     '■'  •  f 

The  transfer  function  is  modified  when  the  DAC  isddMiisctttI  in 
the  feedback  of  an  operational  amplifier  as  showrrfti  PlgurelS-. 
It  is  now:  .  '  ■,  i  -  • 


Ai  ^  ^  ^  A3 
2I      2^  2^ 


212 


The  above  transfer  function  is  the  division  of  an  analog  voltage 
(Vpgp)  by  a  digital  word.  The  amplifier  goes  to  the  rails  with  all 
bits  "OFF"  since  division  by  zero  is  infinity.  With  all  bits  "ON",  the 
gain  is  1  (±1  LSB).  The  gain  becomes  4096  with  the  LSB,  bit  1 2, 
"ON". 

MICROPROCESSOR  INTERFACE 

The  PM-7548  can  be  directly  interfaced  to  an  8-bit  micro- 
processor's bus.  Two  such  Interfaces  are  shown  in  Figures  16 
and  17. 

Figure  1 6  shows  an  automatic  tranter  interface  with  an  MC6809 
microprocessor.  The  PM-7S48  teassjgned  an  address,  through 
use  of  the  decoder,  that  does  notilse  A»  The8^  high  byte  may 
then  be  loaded  using  an  even  Qk)  adenG^,  Next,  the  4-bit  low 
byte  is  loadedto  an  odd  addrese!(X  *  %  1^  selec^g  both  the 
low  byte  d^ta  loaiding  and  the  12^  data  transfer. 

Figure  17  shows  a  multiple  DAC,  strobed  transfer  Interface 
configuration,  also  using  the  MC6809.  Decoding  allows 
independent  loading  of  data  with  simultaneous  updating  of  both 
DACs  This  technique  can  be  extended  to  accommodate  an 
unlimited  number  of  DACs  with  the  use  of  additional  decoding. 
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FIGURE  IS:  PM-7548/MC6809  Interface  Automatic  Transfer  Mode 
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FIGURE  17:  PM-7548/MC6809  Interface  Multiple  DAC.  Strobed  Transfer  Mode 
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ANALOG 
DEVICES 


LC^MOS 

DWi  12-Bit  iJiP-Compatible  DAC 


FEATURES 

Two  Doubled  Buffered  12-Bit  DACs  - 

4-Quadrant  Multiplication 

Low  Gain  Error  (3LSBs  max) 

DAC  Ladder  Resistance  Matching:  1% 

Space  Saving  Skinny  DIP  and  Surface  Mount  Packages 

Latch-Up  Proof 

Extended  Temperature  Range  Operatibh '  ~, 
APPUCATIONS  ''■■"^'"^  I  ' 

Programmable  Filters 

Automatic  Test  Equipment.   

Microcomputer  Based  Process  Conteol  | 
Audio  Systems  ' 
Programmable  Power  Supplies  | 
Synchro  Applications  •'-'  ■■<■.  '  i       ■<■■  ■ 


FUNCTIONAL  BLOCK  DlAqBAAj^ 
 &'  ■  


GENERAL  DESCRIPTION 

The  AD7549  is  a  monolithic  dual,  12-bit,  current  output  D/A 
converter.  It  is  packaged  in  both  0.3"  wide  20-pin  DIPs  and  in 
20-terminal  surface  moimt  packages.  Both  DACs  provide  four 
quadrant  multiplication  capabilities  with  a  separate  reference 
input  and  feedback  resistor  for  each  DAC.  The  monolithic 
construction  ensures  excellent  thermal  tracking  and  gain  error 
tracking  between  the  two  DACs. 

The  DACs  in  the  AD7S49  are  each  loaded  in  three  4-bit 
nibbles.  The  control  logic  is  designed  for  easy  processor  interfacing. 
Input  and  DAC  register  loading  is  accomplished  using  address 
lines  AO,  Al,  A2  and  CS,  WR  lines.  A  logic  high  level  on  the 
CLR  input  clears  all  registers.  Botb.QAQ$oinay  ,bc  si;niUta|)^usly 
spdated  using  the  UPD  input.  .  ■    -it.-      !•■  :  . -/-j  , 

The  AD7549  is  manufactured  using  the  Linear  Conqsatible 
CMOS(LC^MOS)  process.  It  is  speed  compatible  with  most 
microprocessors  and  aeeepa  TTL,  74HC  or  SV  CMOS  logic 
level  inputs. 


LOW  MIO 
-H  NIBBLE  NIBBLE      1-^  NIBBLE 

DAC  A  DAC  A  DAC  A 


PRODUCT  HIGHLIGHTS 

1.  Small  package  size:  the  loading  structure  adopted  for  the 
AD7S49  enables  two  12-Bit  DACs  to  be  packaged  in  either  a 
small  20-pin  0.3"  DIP  or  in  20-terminal  surface  mount 
packages. 

2.  DAC  to  DAC  matching:  since  both  DACs  are  fabricated  on 
the  same  chip,  precise  matching  and  tracking  is  inherent. 
This  opens  up  appUcations  which  otherwise  would  not  be 
considered,  i.e.,  #l^fammable  H^jaO)  JMiv  System^;  etc. 


ORDERING  GUIDE 


Temperatnre 

Relative 

FuU  Scale 

Package 

Model' 

Range 

Accuracy 

EnoT 

Option^ 

AD7549JN 

-40°Cto-l-85''C 

±1LSB 

±6LSB 

N-20 

AD7549KN 

-40°Cto-)-85°C 

±  1/2LSB 

±3LSB 

N-20 

AD7549JP 

-40°Cto  +85°C 

+  1LSB 

±6LSB 

P-20A 

AD7549KP 

-40°Cto  +85°C 

+  1/2LSB 

+  3LSB 

P-20A 

AD7549AQ 

-40°Cto  -1-85^ 

±ILSB 

±6LSB 

Q-20 

AD7549BQ 

-40°Cto  +85°C 

±  1/2LSB 

±3LSB 

Q-20 

AD7549SQ 

-55°Cto  +125°C 

±1LSB 

±6LSB 

Q-20 

AD7549TQ 

-55°Cto  +125°C 

±  1/2LSB 

±3LSB 

Q-20 

AD7549SE 

-55°Cto-t-125°C 

±1LSB 

+  6LSB 

E-20A 

AD7549TE 

-SS'Cte+125^ 

NOTES 

'To  order  MIL-STD-8g3,  dass  B  procew  puts,  add  t 

local  sales  c^Bce  for  miHtaiy  data  sheet. 
%  =  Leadkss  Cenmie  Cliq>  Carrier;  N  =  Fhsdc  DIP;  P  - 

Q  =  Ca^.  Foromlme  infonnatioa  see  Psdcage  InfiDnnaEi 


>  part  number.  Contact  your 
Fbstic  Leaded  Oiip  Carrier; 


AD7549 -SPECIFICATIONS^ 


(Vdo  ==  +  15V  ±  5%^,  Vretj  —  VR£fB  —  10V;  Iquta  —  loun 
All  specifications  T„,i„to  1^^,  unless  otherwise  specified.) 


AGND  =  OV. 


Parameter 


ACCURACY 
Resolutioo 
Relative  Accuiacy 
DifTerential  Nonlinearity 

.  FuUScaleEnor  . 

GainTonpenniACaefficjeiit'; 

AGain/ATemperamte 
Output  Leakage  Current 
IoiiTA(Pral7) 
+  25"C 
Tmi„toT„^ 

l0LTii(Pi"15) 

+  25-C 
T~,.loT_„ 


REFqtENCE  INPUT 

liipj»B-«imnf^(Wil  la^Pin  llj 

I  I 

Vrefa^rbi*   — , 

Iiqiut  Resistance  Match 


DIGITAL  INPUTS 
ViH  (Input  High  Voltage) 
ViL  (Input  Low  Voltage) 
I[N  (Input  Current) , 

+25-C 
Tr^toT™. 
CiN  (Input  Capacitance)' 


POWERSUPPLY- 


I.  A 

Veniona 


20 
150 


20 
150 


2.4 
0.8 

±1 

±10 

7 


K,B 
Versions 


12 

±1/2 
±1 


20 
150 


20 
150 


18 
±2 


2.4 
0.8 

±1 

±10 

7 


20 
250 


20 
250 


18 
±3 


2.4 
0.8 

±1 

±10 

7 


12 

±1/2 
±1 


20 
250 


20 
250 


18 
±2 


±1 
±10 


Bits 

LSBmax 
LSB  max 

LSBmas 


ppm/Y^n 


nAmax 
nAmax 


nAmax 
iiAmax 


kHmin 
kOmax 


Vmin 
Vmax 

^Amax 
^Amax 
pFmax 


TeatCoadkiaas/Commena 


All  grades  guaranteed  monotonic  over 
temperature. 

Measured  using  imetnalRraand  includes....  

efifects  of  kakage  cuncnt  andflualC 

Tyi»cai™itie%|B(i^,a.t;;  bai»BM8  bei  i .  -r.  ■ 
DACARegjsterloadednUOim'tOZJO'Hrri:  I  u. 
DACBRegisterloadedwithallO's  ^ 


Typical  Input  Rcalnillce=  Ukfl 
Tn>icaUy±lK 


=Vdd 


AC  PERFORMANCE  CHARACTERISTICS  '        .  ^  - 

These  characteristics  are  induded  for  Design  Guidance  only  and  are  not  subject  to  tsst  . 

(Vdd  =  + 1 5V;  Vrefa  =  Vkfb  =  + 1 0V,  Iouta  =  Iouib  =  AGND  =  OV,  Output  JtmpMaqiare  AD644  except  where  stated.) 


>b>f-7  1.1/1010  SOB'-iu'-  .' 

.11.. ' 


HZ 


Panmeter 

Ta=  +25'C 

Ta=Tmin.Tmax 

U>iti 

To  O.Ol%WfiiU«iJe  rugel  Ibbttdid  ^  lOOntCtef  ^'li^.i>ACUaipatmaiiiicd  &om 

lilHi^(«diBof.VR.T>|^                                         ,1.  ■-.<  .) 

Digiial'io- Analog  Glitch 

Impulse 

10 

nV-»ecg^ 

AC  Feedthrough^ 
VeepaIoIouta 

-70 

-65 

dBniax 

VR«>A;^^afiVrtrrfli^6&i*«>    ■•■•'r^^  tU^ic-jl^  jl  iu-  i  i  j 

VrefbIoIoltb 

-70 

-65 

dBmax 

DACrq^Men loaded w^aDOs.                   irit  G'r'J        ^n'cU.'  h'j  '.  .-r- 

PiDwer  Supply  Rejection 

±0.01 

±0.02 

%per%iiux 

Output  Capacitance 

CotTTA 

80 

80 

pF  max 

DACA.DACBloaded  with  all O-i.             ~  ^  ' .  »       V  s  ^ 

Cotrre 

80 

80 

pFmax 

DACA.DACBloadedwidialllV  ' 

CoUTA 

160 

.   IW  .. 

pFoux 

*^^0*'TB     ..       /  , 

r, 

Channel-to-Channd  Isolation 

Vrefa  to  lotTB 

-62 

dBiyp 

Vrefa  =  20V  p-p  1  OOkHz  stnewnc*  Vmpb  "  OV 

Vrkfb  10  loi-T.-v 

-62 

dBtyp 

Vrefb  =  20V  p-p  iookiIzaDe«n^yi^A=^ 

I>igital  Crosstalk 

*o 

aV-sec^ 

Measured  foraCodcTranriliaaardltrtaalll^ 

DVA/lbtyp 

Measuiot  between  l^BA  lodloOTA  or  Rmud  Ifxrra 

ClOHz-IOOkHl) 

M   ■ '  ■  -  ■ 

Harmonic  DUtordon 

-90 

diStyp 

NOTES 

Ta«pgmiwriineiifcMww:J,K.VtwicM:  -tCTCBt-i-CC 
A.B,Van«:  -WCu -(^SSX 
SsT.VcniDM:  -SS^M  +  IXTC 


wont^MSOBD  nAoiia s«t <»  fifcW  fill* , ^  . 


TIMING  CHARACTERISTICS^  ou=+i5y, 


'■Vkf«  =  Vm  =  +10V,loun  =  loum  =  AGND  =  OV,  unless  otheiwise  stated) 


Limit  at 

Limit  at 

Limit  at 

Ta=  -40°C 

Ta=-55°C 

Fanuneter 

Ta=25''C 

to+SS-C 

to+125°C 

Units 

Test  Conditions/Comments 

ti 

50 

80 

110 

ns  min 

Address  Valid  to  Write  Setup  Time 

t2 

0 

0 

0 

nsmin 

Address  Valid  to  Write Hdd Time          yiibs'.  >\6i,' 

t3 

180 

200 

240 

nsmin 

Data  Setup  Time 

t4 

0 

0 

0 

nsmin 

Data  Hold  Time 

ts 

20 

20 

20 

nsmin 

Chip  Select  or  Update  to  Write  Setup  Time 

0 

0 

0 

nsmin 

Chip  Select  or  Update  to  Write  Hol^lune          '  > 

170 

200  . 

25ft 

nsmin 

Write  Pulse  Width         .    .-.lit,'       ■/■  .■■.. 

t,     v;  ;  V  ^ 

1  sti^V  •),,  ,.  . 

nsmin 

Spedficattennl^ecitiidhsnBeiridiomnotioe. 

i-   -Yiz^  'I       .  A0-A2 ///////, 


W//////////////M 


1^, 


VJ/ ////// ///////. 


ins  nils  'i'^'*' 
lO*  Ot^Q  U  .  vX  as  r-  .  -..'jcc 

in(n^  •■oft»:i-    ■:.  'id;  .:i  '^iin 


NOTES 

1.  Ml  INPUT  SIGNAL  RISE  AND  FALL  TIMES  MEASURED  FROM  10K  TO 
SOS  OF  <I>SV.  t,'=t,=20ni. 


sv 

■OV 


ABSOLUTE  MAXIMUM  RATINGS* 


(Ta  =  +2SXunleMothenriKiioted) 

Vdd  (Kn  20)  to  DGND  .  .  .  ,  -0.3V,  +  17V 

Vrefa,  Vrefb  (Pins  19,  13)  to  A<^ND  ±25V 

Vrfba,  Vrfbb  (Pins  18,  14)  to  XGND  ±25V 

Digital  Input  Voltage  (Pks  1-1 1) 

to  DGND  .  .  .  .    -0.3V,  Vdd  +0.3V 

VpiNiS)  VpiNi7,  to  DGh^  ........    —0.3V,  Vdd 

+  0.3V 

AGND  to  DGND  ....  .' .  .  .  .  .  .,.    -0.3V,  Vdd  +0.3V 

Power  Dissipation(AnyF>dbige)  \ 

To  +75°C   rV   450mW 

Derates  abiore|ti7S^-«j>:r|.jf-v^^  6mW/°C 


Operating  Temperature  Range     J  (  .  ■ 

Commercial  (J,  K  Versions)   "?   -40°C  to  +85°C 

Industrial  (A,  B  Versions)    -40°C  to  +85°C 

Extended  (S,  T  Versions)  -55°C  to  +  125°C 

Storage  Temperature   -6SPC  to  +  150°C 

Lead  Temperature  (Soldering,  lOsecs)      '   +300°C 


•Stresses  above  rhose  listed  under  "Absolute  Maximum  Ratings"  may 
cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and 
functional  operatkm  of  the  device  tc  diese  or  any  other  eowiitioiis  above 
those  indicated  in  the  opentioiial  sections  of  this  sped&aiion  is  not 
implied.  Ej^onae  to  abaolotlr  maAqum  rating  comtji^ir  for  extended 
periodsiaijrs&etdevicei^lAil^, 


CAUTION 


ESD  (electrostatic  dischaige)  sensitive  device.  The  digital  control  inputs  are  diode  protect- 
ed; however,  permanent  damage  may  occur  on  uncoimected  devices  subject  to  high  energy 
electrostatic  fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective 
foam  should  be  discfaaiged  to  the  destination  sodket  before  devices  are  removed. 


SaAaw  accunqr  or  eoclpmiit  nonlineaiity  is  a  measuiritf  the — 
nnximiiin  deviatioii  fiom  a  straight  line  passing  thiaugli;  the 
endpoiiits  of  the  DAC  transfer  function.  It  is  measured  fifter 
■djustingfor  zero  error  andlftttlsdale  enbr  andkiit^iujUjt  ^ 
eqnessed  in  Lent  -^tHPTf^irP'^i'  ifiiii 
scale  reading.  ;oTt)tofT'Ml>Wci'bii..  -       .  \ 

DOnFERENTULNONLINEASITY  .1        ^  ' 
Diffoential  ngoBdeMitir  is  tUe  difiieience  betmen  ffid  measured 
change  and  the  idieal'  ILSB^changeibetween  any  two  iidjacent  . 
codes.  A  qKdfied  difiFerential  non]iiiear%  of  ;M^  iaiax;over  r  . 
the  operating  temperature  range  ensiirts  iSMUriUgitr.  r  - 


This  is  normally  specified  as  the  area  of  the  gUtch  in  either  pA-^- 
secs  or  nV-seCs  dq)ending  upon  whether  the  glitch  is  measured 
as  a  current  or  voltage  signal.  l%gitsl  chnpem$6^on  is  memired 
with  VitEFA'and  Vrefb  eqiiAjfo  AC^D'-'' ' 


icukremtI 


OUTPUT  LEAKAGE  CURRENT  0  i 

Output  Current  is  catteat  lyhkh  apciSfs  at  loirrA  or  ,  i 

ilouTB  wid>  the  DAC  registers  loaded  to  all  zeia& 

MULTIPLYING  FEEDTHROUGH  ERROR 

This  is  the  srier  due  to  capacitive  fedduoagb  firom  Vrefa  to  - 
loin-A  or  VnssFB  to  Iqutb  with  the  DAC  le^slte  loaded  to  all  i 


FULL-SCALE  ERROR 

Full  scale  error  or  gain  error  is  a  measure  of  the  output  error 
between  an  ideal  DAC  and  the  actual  device  output.  Full  scale 
error  is  adjustable  to  zero. 


OUTPUT  CAPACITANCE 
Tins  is  1^  caps^ttGe  Jloii  Iqi^j 


t»A©NI»., 


CHANNEL-TO-CHANNEL  ISOLATION 

Chaimel-to-Channel  Isolation  refers  to  the  proportion  of  input 
signal  from  one  DAC's  reference  input  which  appears  at  the 
output  of  the  other  DAC,  expressed  as  a  ratio  in  dB. 

DIGITAL  CROSSTALK 

The  glitch  impulse  transferred  to  the  output  of  one  converter 
due  to  a  change  in  digital  input  code  to  the  other  converter  is 
defined  as  Digital  Crosstalk  and  is  qxdfied  in  nV-secs. 
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2-632  DIGITAL-TO-ANALOG  CONVERTERS 


REV.  A 


ADi549 


PIN 

FUNCTION 

1 

DB3 

2 

DB2 

3 

DBl 

4 

DBO 

5 

UPD 

'(!'■ 

A2 

7 

Al 

8 

AO 

9 

CS 

10 

WR 

11 

CLR 

12 

DGND 

13 

Vrefb 

14 

RpBB 

IS 

loUTB 

16 

AGND 

17 

loUTA 

18 

.  RPBA 

19 

Vrefa 

20 

Vdd 

DEScaupnoN 


8 


Data  Bit  3,  Data  Bit  7  or  Dau  Bit  1 1  (MSB) 
Dau  Bit  2,  Dau  Bit  6  or  Dau  Bit  10. 
Data  Bit  1,  Data  Bits  or  Data  Bit  9.  v 
Data  Bit  0,  Dau  Bit  4  or  Dau  Bit  8. 
Updates  DACR^^aten  firm  4^1^  iiqp«tl#^;DiieA»^E^Bb^tf^^ 
Address  line  2.  ■'  'J  isO  >'-^c,'    jjiebfq  awnsr    -    ■+ <; 

AddressUnel.  '    "         -^.us  .'oc^'I.-.;»(Uf>rv  , ,  .  c  .  . 

Address  line  0.  ■•- '         '■"  ■  ■  : 

Chip  Select  Input.  Active  low. 
Write  Input.  Active  low. 
Clear  Input.  Active  Higb.  Clean  ail  regii;ten> 
Digital  Ground. 

Voltage  reference  input  to  DAC  B. 
FeedbackresistorofDACB.  '  < 

Current  output  tennkalafDACB.        Dsiaif^  sjosmKi    .;  i  .  ...        -r  s-H  , 
Analog  ground. 

Cunem  output  tenninalaf  DAC  A. 
Feedback  resistor  of  DAC  A. 

Vjibage  reference  iiqtut  to  DAC  A.  , 
■t- ISV  supply  input. 


cut 

CS 

WE 

A2 

Al 

AO 

FUNCTION 

0 

X 

X 

1 

X 

X 

No  data  transfer. 

0 

1 

X 

X 

X 

X 

No  data  transfer.               (  ' 

1 

X 

X 

X 

X 

X 

X 

All'iegisteis cleared. -li*     I  - — 

0 

0 

IS 

0 

0 

0 

DAC  A  LOW  NIBBLE  REGISTER 

loaded  &ain  Data  Etus. 

0 

0 

IS 

0 

0 

1 

DAC  A  MID  NIBBI^  REGISTER 

loaded  from  Dau  Bus. 

0 

0 

"LT 

0 

1 

0 

DAC  A  HIGH  NIBBLE  KB^S^Efk- 

loaded  from  Dau  Bus.   —/^ 

0 

0 

"LT 

0 

1 

1 

DAC  A  Register  loaded  from 

Input  Registers. 

0 

0 

IS 

1 

0 

0 

DAC  B  LOW  NIBBLE  REGISTER  loaded 

from  Dau  Bus. 

0 

0 

ir 

1 

0 

1 

DAC  B  MID  NIBBLE  REGISTER  loaded 

from  Dau  Bus. 

0 

0 

IS 

1 

1 

0 

DAC  B  HIGH  NIBBLE  REGISTER  loaded 

from  Dau  Bus. 

0 

0 

TJ- 

1 

1 

1 

DAC  B  Register  loaded  from 

Input  Registers. 

0 

0 

1 

ur 

X 

X 

X 

DAC  A,  DAC  B  Regislers  updated 

anrnihaneoB^flBlitEmut  Roisters. 

NOTE:  X  =  Don't  Cue 


Table  I.  AD7S49  Truth  .fftMR 


pmm  

UNIPOLAR  BDfARY  OPERATION 

(2-QUADRANT  AHJLTIPUCATION)  ^. 

Figaie  2  dunctlte  drcuit  diagram  for  unipolar  binary  opexa&si!' 
With  an  ac  ktpBti  die  circuit  performs  2-qunlnnt  multiplication. 
The  code  taMe  fat  l^gure  2  is  given  in  Table  11. 

Operational  amplifiers  Al  and  A2  can  be  in  a  single  pacl^ai^    .  ,. 
(i.e.  AD644)  or  separate  packages  (ADS44).  Capacitors  CI  and 
C2  provide  phase  compensation  to  help  prevent  over^Miffiii 
ringing  when  high  speed  op-amps  are  used. 

For  zero  offset  adjustment,  the  appropriate  DAC  register  is 
loaded  with  all  O's  and  amplifier  offset  adjusted  so  that  Vquta 
or  VouTB  is  at  a  minimum  (i.e.  «120(iV).  Full  scale  trimming 
is  accomplished  by  loading  the  DAC  register  with  all  I's  and 
adjusting  Rl  (R3)  so  that  Vquta  (Vqutb)  =  -Vin  (4095/40961. 
In  fixed  reference  applications,  full  scale  can  also  be  adjusted  by 
omitting  Rl,  R2,  R3,  R4  and  trimming  ^tOmim ^ctejgg 
magnitude. 


BIPOLAR  OPERATION 
^4-QUAORANT  MULTIPUCATION) 

'  The  recommended  circuit  diagram  for  bipolar  operation  is  shown 
in  Figiu-e  3.  Offset  binary  coding  is  used. 

With  the  appropriate  DAC  register  loaded  to  1000  0000  0000, 
.  adjust  Rl  (R3)  so  that  Vquta  (Vqutb)  =  OV.  Alternatively,  Rl, 
R2  (R3,  R4)  may  be  omitted  and  the  ratios  of  R6,  R7  (R9,  10) 
varied  for  VotrrA  (Vqutb)  =  OV.  Full  scale  trimming  can  be 
accomplished  by  adjusting  the  amplitude  of  Vn^  or  by  varying 
the  value  of  R5  (R8). 

Resistors  R5,  R6,  R7  (R8,  R9,  RIO)  must  be  ratio  matched  to 
0.01%.  When  operating  over  a  wide  temperature  range,  it  is 
important  that  the  resistors  be  of  the  same  type  so  that  their 
temperature  coefficients  match. 

The  code  table  for  Figure  3  is  given  in  Table  III. 


RS.  20hll 


Figure  2.  AD7549  Pnipolar  Binary  Operation 


Binary  Number  in 
DAC  Register 
MSB  LSB 


1111  1111  1111 

1000  0000  0000 

0000  0000  0001 

0000  0000  0000 


Analog  Output,  Vquta  or  Voutb 


V  '  ' 

„  /204g\_ 
"^INl4096l-- 


l 


■^«n(4^) 


OV 


Table  II.  Unipolar  Binary  Code  Table  for  Circuit  of 
Figure  2 


Figure  3.  Bipolar  (^ration.  (Offset  Binary  Coding) 


Binary  Number  in 
DAC  Register 
MSB  LSB 


1111  1111  1111 

1000  0000  0001 

1000  0000  0000 

0  111  1111  1111 

0000  0000  0000 


Analog  Output,  Vouta  ot  Vqutb 


OV 


Table  HI.  Bipolar  Code  Table  for  Offset  Binary  Circuit  of 
Figures 


APPLICATION  HINTS 

Output  Offset:  CMOS  D/A  converters  in  circuits  such  as  Figures 
2  and  3  exhibit  a  code  dependent  output  resistance  which  in 
turn  can  cause  a  code  dependent  error  voltage  at  the  output  of 
the  amplifier.  The  maximum  ampUtude  of  this  offset,  which 
adds  to  the  D/A  converter  nonlinearity,  depends  on  Vqs  where 
Vos  is  the  amplifier  input  offset  voltage.  To  maintain  mono- 
tonic  operation,  it  is  recommended  that  Vqs  be  no  greater  than 
(25  X 10^)  (Vref)  over  the  temperature  range  of  operation.  Suitable 
op  amps  are  AD644L,  AD517L  and  At)544L.  The  AD517L  is 
best  suited  for  fixed  reference  applications  with  low  bandwidth 
i^uiiementsiitJiaa  e»trranely  law  o&et  (SOitV)  am)  in  most 
a^licati<nis  will  not  require'Sn  offset  trim.  The  ADS44L  has  a 
much  kider  bandwidth  and  higher  slew  rate  and  isleconunended 
f^mtiltip^in^and  other  apphcations  requiring  fiist  settling.  An 
offset  trim  on  the  ADS44L  may  be  necessary  in  some  circuits. 

Temperature  Coefficients:  The  gain  temperature  coefficient  of 
the  AD7549  has  a  maximum  value  of  5ppin/°C  and  typical  value 
of  lppm/°C.  This  corresponds  to  worst  case  gain  shifts  of  2LSB!; 
and  0.4LSBs  respectively  over  a  100°C  temperature  range.  When 
trim  resistors  R1(R3)  and  R2(R4)  are  used  to  adjust  full  scale 
range,  the  temperature  coefficient  of  RlCR^lMfR^W)  shooldj 
also  be  taken  into  account.  " 

Ficqoency  Considerations:  AD7S49  output  capacitance 
works  in  conjunction  with  the  ampUfier  feedback  resistance  to 
add  a  pole  to  the  open  loop  response.  This  can  cause  ringing  or 
oscillation.  Stability  can  be  restored  by  adding  a  phase  compen- 
sation capacitor  in  parallel  with  the  feedback  resistor. 

Fccdthioiigli:  The  dynamic  performance  of  the  AD7S49  depends 
upon  the  gain  and  phase  stability  of  the  output  amplifier,  together 
with  the  optimimi  choice  of  PC  board  layout  and  decoupling 
components.  A  suggested  printed  circuit  layout  for  Figure  2  is 
shown  in  Figure  4  which  minimizes  feedthrough  from  VsBIMsi 
Vrefb  to  the  output  in  multiplying  applirations. 


rm  1  A07549. 


COPPER  TflACKS  ARE  ON  COMPONENT  SIDE 
DGND     OF  PRINTED  CIRCUIT  BOARD 


Figure  4.  Suggested  Layout  for  AD7S49  with  AD644  (Dual 
Op  Amp) 


AD7549  -  8085A  INTERFACE 

A  typical  interface  circuit  for  the  AD7549  and  the  808SA  micro- 
processor is  given  in  Figure  5.  Only  the  bottom  4  bits  of  the 
microprocessor  data  bus  are  used.  The  address  decoder  provides 
both  the  CS  and  UPD  signals  for  the  DAC.  Address  lines  AO, 
Al,  A2  select  one  of  six  DAC  Input  Registers  for  acceptiiig 
data.  In  applications  where  simultaneous  loading  of  the  DACs  is 
required  theft  tlje  :UPjP,^i?.inu5t  be  used     Strobe  both  DAC 
registers.  Otherwise,  UPD  may  be  tied  high  and  address  lines 
A0-A2,  in  conjunction  with  CS  and  WK  signals,  will  select  each 
DAC  register  separately  (see  Pin -Function  Description). 

-  -   1  ' 


ADDRESS  BUS 


ADDRESS 
DECODE 


-mow 

SYSTEM  - 
RESET 


DATt,  BUS 


A2-A0 

CS 
UPD 

AD7549* 
WR 


CLR 


I 


.BQS-OBS 


•UNEAR  CIRCUITRY  OMITTEO  FON  OLARTTV 


Figure  5.  AD7S49-WUA  Mmr^See 
AD7549  -  Z80  INTERFACE 

Figure  6  shows  the  AD7S49  conaee^d  |a  tfefe microfaocessor. 
The  interface  structure  is  similar  m  te  ibr'te  808SA. 


ADDRESS  BUS 


FROM 
SYSTEM  - 
RESET 


IP 


A2-A0 

CS 
UPD 

AD7549' 


CLR 

DB0-DB3 


•LINEAR  CIRCUITRY  OMITTED  FOR  CLARITY 

Figured.  AD7549-Z80  Interface 


AD75491A 


AD7549  -  8048  INTERFACE 

The  AD7549  can  be  interfaced  to  the  8048  single  component 
microcomputer  using  the  circuit  of  Figure  7.  A  minimum  number 
of  I/O  lines  are  needed.  The  system  is  easily  expanded  by  using 
extra  port  lines  to  provide  Chip  Selects  for  more  AD7549's.  The 
advantage  of  this  interface  lies  in  its  simplicity.  In  either  single 
or  multiple  DAC  applications  both  the  software  and  chip  select 
decoding  are  simplified  over  what  would  be  required  if  the 
devices  vKtt  memofy'  ratpjfied  in  a  convei^tioiial  manber. 


P20 
P21 
P22 
P23 


P24 

P25 
P26 
OG 


■1  P'M  I 


DBS 
DB1 
DB2 
D83 

AO  AD7549* 
Al 

A2 

CLR 
UPD 
WR 
CS 


The  combination  of  8048  system  and  AD7S49  is  particularly 
suitable  for  dedicated  control  applications.  By  adding  reference 
and  output  circuitry  a  complete  control  system  can  be  configured 
with  a  minimum  number  of  components. 

AD7549  -  MC6809  INTERFACE 

Figure  8  is  the  interface  circuit  for  the  popular  MC6809  8-bit 
microprocessor.  CS  and  UPD  signals  are  decoded  from  the 
address  for  the  simultaneous  update  facility  while  the  pulse 
is  provided  by  inverting  the  microproc^or  do^^. 

■     i.     :■         »:'r;;.'?JSi  bsiii  -t  ■  b  '?i- 


D0-D7 


,      naure  7.  AD7S49-8048  Interface 
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"LINEAR  CMCUimY  OMrrrED  FOR  CLARITY 
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'  ^  '    Figure  8.  AD7S49-MC6809  Interface 
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ANALjOG 
DEVICES 


LC^MOS 
Quad42-Bit  DAC 


AD7564 


FEATURES 

Four  12-Blt  DACs  in  One  Padns* 
4-(luadrant  Multiplication 
Separate  Rafaraneas 
Single  +5  V  Supply 
Low  Power 

Versatile  Serial  interface 
Simultaneous  Update  Capability 
Reset  Function 
28-Pin  SOIC 

APPLICATIONS  '       —    •  ' 
Process  Control 
Portable  Instrumentation 
General  Purpose  Teat  EqulpmaRt 


GENERAL  DESCRIPTION 

The  AD7S64  contains  four  12-bit  DACs  in  monolitluc 


FUNCTIONAL  SLmSR  MflGRAM 


Voo    DOND  VbjpD  V„,C  V„,B  V,e,A  R„A 


cc 

M  D_ 
%  ^  Isjnicbi 


separate 
of  DAC  A  % 


device.  The  DACs  are  standard  cuiien% 
Vref>  Iqut  ™<i  RpB  tenninals. 
and  DAC  B  are  pinned  out  separad 
and  DAC  D  ai^  tjed,B;gel]ier  at  AG 

The  AD7S64  is  a  serkt  iiipBt  device.  Wtet  it  1 
bnnging  €S  low,  data  is  loaded  using  FSIN,  C13K 
SDIN.  Two  address  pins,  AO  and  Al,  set  up  a  device  address 
and  this  feature  may  be  used  to  simplify  device  loading  in  a 

chained  system. 


All  DACs  can  be  simultaneously  updated  using  the  asynchro- 
JLDAC  input  and  they  can  be  cleared  by  asserting  the 
lyncbnmous  CLR  iiqiut. 
The  device  is  paduged  in  a  28-piii  SOIC  package. 


)-  ;'Vi. 


iirr'  ibTiJOfolxry 


7'  ■^:Ll^  i'-ti  (i; 


s3i--*.i  3vi*-iL  5J  ;;c,'.  ?      u.  '  -j/ 


This  mfoimiSmtgf^eata^pisiiim  m^mnim>fiii»'^^^fS!iim^  ftresuk^te^ltkMliQeeiWfthoutinotica 
Analog  D««!ieai<in|uitnesfioMie^  -  -  ,  -^-^     ,  a 


'REV.O 


^  Parameter 


AD7564B 


Units 


Test  Conditions/Comments 


"ACCURACY  ~  ^  r 

Resolution 
I      Relative  Accuracy 
I      Differential  1 

Gain  Error  ^)(f>AKt  KJO.T- 
+25°C 

Gain  Temperature  Coefficient 

Output  Leakage  Current 

louTi 
@  +25°C 

Tmin  to  Tmax 


12 


tO.5 
tO.9 

t4 

t5 


10 
200 


Bits 

LSB  max 
LSB  max 

LSB 
LSB 

ppm  FSR/°C  typ 
ppm  FSR/°C  max 


nA  max 
nA  max 


1  LSB  =  =  1-22  mV  when  Vref  =  5  V 

.AlLGrades  Guaranteed  Monotooic  over  Tempemnue. 

T  r-. 

ege.'*       .-  A..     i  ' 
vio<3u8  V  ' 


REFERENCE  IN^UJ 
IbpiitjRedsiUice 

Ladder  Resistance  Miunatch 


Tyi^cal  Input  Resistance  =  7ktl 
Typically  ( 


DIGITAtlNPOTS  ■ 
Vj^,  Input  High  yohagfc 
VnJi^j  Input  Low  Voltage 
imk'  luput  Ciurent 
Cjfi,  Input  tiapaidtance 


POWER  REQUIREMENTS 
Vdd  Range 

Power  Supply  Rejection 

AGain/AVuD 
Inn 


Specifications  subject  to  change  without  notice. 


V  min,  V,;,L  =  Oi"*  VSiax  ^  ^' 
•fe?  2.*3S*in,  Vijii,.sRf<Mdfeaa«t-l  .'■  ■'■■^ 
 r^-i — t.i  ■  -  -  . 


AC  PERFORMANCE  CHARACTERISTICS        charactsrisQcs  are  Inclv^d  for  di^lgn  ^  not  subject  to 


Parameter 

AD7S<4B 

Units 

Test  CoddWom/Cnminents 

DYNAMIC  PERFQSaSANCS 

Output  VeiBtgtSet&agWm 

SOD 

ns  typ 

To  0.01%  of  Full-Scale  Range.  DAC  Latch 
Alternately  Loaded  with  All  Os  and  All  Is. 

Digital-i!o-Aiidag@MfiqpAe 

40 

nV-styp 

Measured  with  Vrep  =  0  V.  DAC  Register 
Alternately  Loaded  with  All  Os  and  All  Is. 

Miiltipiying  F^PQlttljoEGQ^  B^vg^ 

-66 

dB  max 

Vkef  =  20  V  pk-pk,  10  kHz  Sine  Wave.  DAC  Latch 

Loaded  with  all  Os. 

-76 

dB  typ 

Feedthrough  from  Any  One  Reference  to  the  Others 
with  20  V  pk-pk,  10  kHz  Sine  Wave  Apphed. 

Digital  OoMjOE 

40 

nV-sqrp 

Effect  of  all  Os  to  All  Is  Code  Tiansiticni  on 

Nonselected  DACs. 

Digital  Feedtfarough 

40 

nV-8  typ 

Feedthrough  to  Any  DAC  Output  with  CS  High  for 
All  Os  to  All  Is  Code  Transition  on  the  Data  Bus. 

Total  Harmonic  Distortion 

-83 

dBtyp 

Vref  =  6  V  rms,  1  kHz  Sine  Wave. 

Output  Noise  Spectral  Density 

All  Is  loaded  to  the  DAC.  Vref  =  0  V, 

@  1  kHz 

20 

jiV/VlE 

Output  Op  Amp  i»  AD  OP-07. 

NOTES 

'Temperature  range  as  follows:  B  Version  -40°C  to  +*5^. 
Specifications  subject  to  change  without  notice. 


This4nfdMAian'Miptte««i-8>p!^^lt^  0tider~d6vele>p«KMiii^MKeHaraettriAics  smI  spaeifieatibnB  iR«>siib|eBtto!eKai^e>wtthout'notiG6t 
Analog  D6iAeBaism«ii»mllil^  ^     o  "A 


TIMING  SPECIFICATIONS^  (v..  =  -.s  v  ±  5%. 


'ouii  =  'oun  =  0  V;  T,  =  Tmw  to      unless  otheiwise  stated) 


at 

Xfimit  at 

Parameter 

T    —  ^AlfM*  *n  mSIV*C 
Xj^  «  ^mV^Kj  TO  TOJArf 

TT«!t« 
UuILb 

Desmption  ,  

ti 

100 

100 

TI&  zuiii 

CLKIN  Cycle  Time 

40 

40 

ns  min 

CLKIN  Low  Time    '  ''^''''i''' 

u 

ts 

.40.  , 

.,30-.*;; 

1.11  V  ■-■■n: 
if.     fiTj  ;i' 

40 

^      ,  . 

ns  min 
ns  min 
ns  min 

CLKIN  High  Time 

FSIN  Setup  Time     '  '"n 

Data  Setup  Tmie 

te 

5 

5 

ns  min 

Data  Hold  Time              ■         •    '  '-'->  ' 

t7 

90 

90 

ns  min 

FSIN  Hold  Time 

t,^ 

SO 

50 

ns  max 

Delay  between  CLKIN  Rising  Edge  and  CLKOXJT  R 

t,^ 

40 

40 

ns  m^n 

FSOUT  Valid  After  CLKOUT  Rising  Edge 

t.o^ 

70 

it 

ns  max 

SDOUT  Valid  After  CLKOUT  Rising  Edge 

,m 

ns  max 
ns  min 

FSOUT  High  After  CLKOOT  Rising  Edge  . 
LDAC,  CLR  Pulse  Width  ' 
CS  to  FSIN  Setup  Time  .. 

OS  to  FSIN  Hold  T^ 

1  tmni  • -, 

tl3 

0 
0 

0 
0 

ns  min 
nsmin 



NOTES 

■Samplp  tested  at  +2S°C  to  enmre  compliance.  All  input  signals  are  specified  with  tr  ■=  tf  -  5  ns  1.10%  to  90%  of  S  V)  and  timed  from  a  votenffJeitd 
t».  %,  {^,a5|3^)«ossd  JlS^  t^  Uwl  circuit  of  Figure  3  and  defined  ag|to^^Kf eqmred  for  the  ™tPW  wp™5j£^,^y ^^JJ.^ 

.tH  (It  £ 


^.4 


.6V..rn 


.1:43  a^J  i  uaiii  .-. 
o;i  Uc-rnalfiib  brr*.: 


1-1,  -» J--'" 
 «  ' 


NOTES 
1.CS>(W 


1  M»MCIliuitojl'lMi|liS  IDAC  AND  CLfl  ARE  NOT  SHOWH. 


Figure  1.  Mode  1  Timing  Diagram 


1.6mA  lOj  Iq^ 


— ©aoood) — 


Figure  2.  Mode  2  Timing  Diagram 


Figure  3.  Output  Load  Circuit 


This  infor0iation^pplies:<tQ»pRMlaot  Hnde5developiri«nt  Its  charaetm'stics'mdsperafiealto 

Analog  Devices  assumes  p9.iMi8atian'ra^ajiti9  future  fiMMfacturBMen  <^ibBrw^»gi»ediMn  vvMns-MrnuMs  k-..'      dc  - 


ABSOLUTE  MAXIMUM  RATINGS' 

(Ta  =  +25°CiinleM  «hs5TO«|S,sj^,  a.. 

%,D  to  DGND     -0.3  V  to  +6  V 

louTi  to  DGND   -0.3  V  to  Vdd  +  0.3  V 

IouT2  to  DGND   ^  .  -0.3  V  to  Vdd  +  0.3  V 

AGND  to  DGND   -O-lYuV  Ybd  +  0-3  V 

Digital  Input  Voltage  to  DGND  , .  .  .  -0.3  JfewYj^j  +  0-3  V 

Vrfb.  Vrep  to  DGND   .5^;;     .  ,  .7*15  V 

Input  Current  to  Any  Pin  Escept  Supplies^  .  ^^f  .  .  v  .^lO-niA 
Operating  Temperature  Rmgs 
CoBimetcial  Plastic  (B  Ve^on)  -40°C  to  +gS°C 

CAUTION  


Storage  Temperature  Range   — 65°C  to  +  150°C 

Lead  Temperature  (Soldering,  10  sees)  +300°C 

Power  Dissipation  (Any  Package)  to  +75°C    250  mW 

Derates  Above  +75°C  by  .......   10  mW/°C 

."V"  ..!  .        ■•    X  !  Vt*  -  *».'■-  -k-i 

NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operational  sections  of  this  spediication  is  not  implied.  Exposure  to  absolute 
lYiamtmrni  latiiig  oonditians  fix  extended  periods  may  affect  dnSce  reliabilityt' 

^Transient  cnrients  of  op  to  100  mA  wiU  not  cause  SOI  ktch-im. 


BSD  (d&trostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  foam 
should  be  disdtagged  ^^fe^i^Wili^jA^^cket  before  devices  are  removed. 


WARNING! 


TERMINOLOGY 

Relative  Accmacy  -   

Relative  Accuracy  or  endpoint  Unooity  is  a  measure  of  the 
mairiititii»i  deviate  fiRsn  a  «m|^]&e  ^is^^g'thibugh  the 
endpoints  of  the  DAG  trah^i^  fiiydt)n.'lt'ls^S«tsured  after 
adjusting  for  zero  error  and  fiill-scale  error  and  is  normally 
expressed  in  Least  SigBMs^Jlitur  ^  a  pgrce^^e  of  fiiU- 1 
scale  reading.  'J  '  J 

Differential  Nonlinearity 
Differential  nonlinearity  is  the 
diange  and  the  ideal  1  LSB  change 
codes.  A  specified  difEnoitial 
ensures  monotonici^. 

Gain  Error 

Gain  Error  is  a  measure  of  the  output  error  between  an  ideal 
DAC  and  the  actual  device  output.  It  is  measured  with  all  Is 
in  the  DAC  after  offset  error  has  been  adjusted  out  and  is 
expressed  in  Least  Significant  Bits.  Gain  error  is  adjustable  to 
zero  with  an  external  potentiometer. 

Output  Leakage  Current  '  ^.  " 

Output  leakage  current  is  current  which  flows  in  the  DAC  lad- 
der switches  when  these  are  turned  off.  For  the  Iquti  terminal, 
it  can  be  measured  by  loading  all  Os  to  the  DAC  and  measuring 
the  Iquti  current.  Minimum  current  will  flow  in  the  Iout2  line 
when  the  DAC  is  loaded  with  all  Is.  This  is  a  combination  of 
the  switch  leakage  current  and  the  ladder  termination  resistor 
oirrent.  The  loim  Mige  cment  is  ^ically  equal  to  that  in 

Output  Capacitance 

This  is  the  capacitance  from  the  Iquti  pin  to  AGND. 
Output  Voltage  Settling  Time 

This  is  the  amount  of  time  it  takes  for  the  output  to  settle  to  a 
specified  level  for  a  full-scale  input  change.  For  the  AD7568,  it 
is  specified  with  the  AD843  as  the  ouQ>ut  op  smp. 


|)^gital-to-ABalog  < 

'this  is  the  amo«qM£9M[e  injeelM-intO'the  analog  ouq>ut 
,  It  is  normally  specified  as  the 
sees  or  nV-secs,  depending  upon 
lure  as  a  Ma^^^iv^Mge  dgnal.  It  U 
ice  input  cQraected  to  AGND  and  the 
all''^  and  all  Os. 

AC  Feedthrough  Error 

This  is  the  error  due  to  capacitive  feedthrough  from  the  DAC 
J,    reference  input  to  the  DAC  Iqux  terminal,  when  all  Os  are 
^  Idaded  in  the  DAC. 

Channel-toOhannel  Isolation 

Channel-to-channel  isolation  refers  to  the  proportion  of  input 
signal  from  one  DAC's  reference  input  which  appears  at  the  out- 
put of  any  other  DA€^  ^^d«^^  aodrivCTptessed  in  dBs. 

Digital  Crosstalk 

The  glitch  impulse  transferred  to  the  output  of  one  converter 
due  to  a  change  in  digital  input  code  to  die  other  converter  is 
defined  as  the  digital  crosstalk  and  is  specifted  in  nV-secs. 

Digltat  Feeddnimi^  

When  the  device  is  not  selected,  high  fisquency  logic  activity  on 
the  device  digital  inputs  is  capacitively  coupled  through  the 
device  to  show  up  as  noise  on  the  lour  P>^  ^nd  subsequently  on 
the  op  amp  output.  Th^^gg^  is  dyi^tal  feedthrough. 


'^^u'\J\I\J' 


Analt^  Devices  a«aaM«|)i«Mpli(Mi9«a^^  nu-ioF-      ■.■v'  . 
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Pin 


Description 


DGND 

RfrA-RprD 


louTiA-IouTiD 
I0UT2A-I0UT22 


AGND 


SDIN 


CLKOUT 


^0  ' 


FSOUT 
SDOUT 
GS 

AO,  Al 


LDAC 


CLR 


"1 


Positive  Power  Supply.  Thisis  -feS  V  ±  5%.  ?    ;  •  

Digital  Ground. 
DAC  Reference  Inputs. 
DAC  Feedback  Resistor  Pins. 
DAC  Iquti  Terminals. 

DAC  IouTz  Terminals  for  DAC  A  and  DAC  B.  These  should  normally  connected  to  the  signal  groimd  of 


This  is  the  commoii  ^int  to  wb^,the.^irr2  teiminals  for  DAC  C  and  DAC  D  are  .coimected.  It  should 
be  connected  to  the  signal  ground  of  the' system. 

Clock  Input.  Data  is  clocked  into  the  input  shift  register  on  the  falling  edges  of  CLKIN. 
Level-triggered  control  input  (active  low).  This  is  the  frame  synchronization  signal  for  the  input  data.  ' 
When  FSIN  goes  low,  it  enables  the  input  shift  register,  and  data  is  transferred  on  the  falling  edges  of 
CLKIN.  If  the  address  bits  are  valid,  the  12-bit  DAC  data  is  transferred  to  the  appropriate  input  latch  on 
the  sixteenth  falling  edgje' after  FSIN  goes  low. 

Serial  Data  Input.  The  device  accepts  a  16-bit  word.  The  first  two  bits  are  device  address  bits  and  these  are 
followed  by  two  DAC  select  bits.  The  remaining  12  bits  are  data. 
Clock  Output;  this  is  used  to  latch  the  serial  data  output.  w 
This  is  the  frame  synchronization  output  Mgnal  for  the  serud  ^ata  output. 
This  shift  register  ou^utallows  multiple  devices  to  be^icciimected  in  a  daisy  chain  coniigiu:ation. 

indlol 


DBIS 


Active  Low  CI 
Device 
stream 

latch.  H(^cver,'  it 
Asynchronous  LI 
with  the  contoits  of 
Asynchronous  CLR  Inpai.  When 


iJk  device  an  address.  If  the  first  two  bits  of  the  soial  input 
sfl  me  data  which  follows  is  ignored  and  not  loaded  to  any  input 
'UT«gspe^ve  of  this.  .    •  ■ 

.inlaid  taken  low,  all  DAC  latches  are  simultaneously  updated 

gput  is  taken  low,  all  DAC  latches  are  loaded  with  all  Os. 


.•J.i.O  .        ^  .  ;>  nJ^•,t^v_.■^l 
Table  I.  A07564  Loading  Sequeooe 


DBO 


Al    AO    DSl    DSO    DBU    DBIO    DB9    DBS    DB7    DB6    DBS    DB4    DB3  ;  JJB2    DBl  DBO 


Table  II.  DAC  Selection 


DSl 

DSO 

Function 

0 

0 

DAC  A  Selected 

0 

1 

DAC  B  Selected 

1 

0 

DAC  C  Selected 

1 

1 

DAC  D  SelecKd 

I'll'  ■ 


noil  ■ 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Ds»de^ii^wwiS|RtlMifatiSA«^»#fii^^  o'' 


Figure  4.  Diffefe0l^g^lg^li^^^t,.  ,j  Figure  5.  Integ/^  fil9fflifmii!¥.€^i  (.  !  Figure  6.  Typical  DACti^AC. 
Error  vs.  VnEF ,    «, ,  ;  "s- V/^f  -...q-  Uneqrity  Matching 


Figure  7.  DH 
Impuise 


-T — I  I  1 1 — 1 — I  I  1 1 — r 

VfiEpC  =  20V  pk-pk  SINE  WAVE 
'  ALL  OTHER  REFERENCE  INPUTS  GROUNDED 
.  DAC  C  LOADED  W'TH  ALL  1s 

ALL  OTHER  DACt  LOADED  WITH  ALL  Oa  v 


I     I    I  I  1  1     I    I  I 

Vref  B  GROUNDED 

ALL  OTHER  REFERENCE  INPUTS  = 

20V  pk-pk  SINE  WAVE 

DAC  B  LOADED  WITH  ALL  Os 

ALL  OTHER  DACs  LOADED  WITH  ALL  1s  . 


Figure  s.  Ctiarim/Ko-Chanhei 

la&hMmi  ft  &mt(»  1  DAC) 


Figure  ft  Channel-to-Cftannel 
Isolation  (1  DAC  to  All  Other  DACs) 


I  -75 


I    I   II  II 

V,^  =  6V  rms 
OP  AMP  =  AD713 


10> 


FREQUENCY -Hz 


10« 


Figure  10.  Total  Harmonic 
Distortion  vs.  Frequency 


Figure  1 1.  Multiplying  Frequency 
Resporise  vs.  Digital  Code 


ThiStWttlwi^n  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assunnes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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D/A  SECTION,  :       ^  s  ]-<.,i  ,.v  v;A.;,rr 

The  ^7564  contains  :foui  i2<bit  ^^i^t'!<^^itt  :D/4:^atH«m  j 
»:si  A  simplified  eiitcuit  tli^ram  M^one  olthe  Q/A-mnmeis  . 
is shoiTO'iii B'^we  12/1 ,  v;  mi:  (-ti:i  ':;:-i 

2R 


Bringing  the  CLR  line  low  t^ts  the  Dy|6  IS^lieft'CotiUJt.  Th»  ; 
inimtiftili^ie«M%«9|taffeatil,-^si»d>#4teaam»i<^  tbsi  . 

I*^teMHi%  if  4e8i^edl^(7  M*lo  rrrt;  >    ■  v' 


CLKIN  ■ 
FsiS  ■ 


16-CLOCK 
DELAY  ELEMENT 


•  CLKOUT 


16-CLOCK 
DELAY  ELEMENT 


FSOllt  ' 


16-BIT  INPUT 
SHIFT  REGISTER 


SHOWN  FOR  ALL  Is  ON  DAC 


Figure  12.  Simplified  D/A  Circuit  Diwgfam 

A  segmented  scheme  is  used  whereby  the  2  MSBs  of  the  12-bit 
data  word  are  decoded  to  drive  the  three  switches  A,  B  and  C. 
The  remaining  10  bits  of  the  data  word  drive  the  switches  SO  to 
S9  in  a  standard  R-2R  ladder  configuration. 

Each  of  the  switches  A  to  C  steers  1/4  of  the  total  reference 
current  with  the  remaining  current  passing  through  the  R-2R 
section. 

DAC  A  and  DAC  B  have  separate  Vref>  Ioutd  lour/  ''nd  Rp„ 
pins.  DAC  C  and  DAG  D  have  their  Iout2  pins  connected  to 
the  device  AGND  pin. 

When  an  output  amplifier  is  connected  in  the  standard  configu- 
ration of  Figure  14,  the  output  volti^  is  given J^iy^  ^|^^ 


UNIPOLAR  BIN' 
(2-Quadraiit  Mi 

Figure  14 
grgnn 


Figure  13.  Input  Logic 

 ■  j  j 

.y  OPERATION 


unipolac  binary  connection  dia- 
(he  AD7Se81  When  Vj^,  is  an  ac 
t  performs  2-quadrant  multiplication.  Resistors 
allowAe  user  to  adjust  ttie  DAC  gain  error.  EMTSet 
remolM>b^^sting  the  output  amplifier  offset  voltage. 

R210n 


where  D  is  the  firactional  representatibh  of  the  digital  word 
loaded  to  the  DAC.  Thus,  in  the  AD7S6g,  D  can  be  set  ieom  '■li^ 
0  to  4095/4096. 

INTERFACE  SECTION 

The  AD7564  is  a  serial  input  device.  Three  il^t'signalS' control 
the  serial  interface.  These  are  FSIN,  CLKIN  and  SDIN.  The 
timing  diagram  is  shown  in  Figure  1. 

When  the  FSIN  input  goes  low,  data  appearing  on  the  SDIN 
line  is  clocked  into  the  input  diift  registra-  on  each  falling  edge 
of  CLKIN.  When  sixteen  bits  have  been  received,  the  register 
loading  is  automatically  disabled  until  the  aest  Ming  edge  of 
FSIN  is  detected.  Also,  there  are  three  output  signals  which 
allow  several  AD7S64s  to  be  easily  connected  together.  Ttee 
are  FSOtTT,  CLKOUT  and  SDOUT.  The  operation  of  these  is 
shown  in  the  timing  diagram  of  Figure  1. 

When  the  sixteen  bits  have  been  received  in  the  input  shift  reg- 
ister, DB15  and  DB14  (Al  and  AO)  are  checked  to  see  if  they 
corre^nd  to  the  state  of  pin  Al  and  AO.  If  they  do,  then  the 
word  is  accepted.  Otherwise,  it  is  disregarded.  This  allows  the 
user  to  address  one  of  four  AD7S64s  in  a  very  simple  fashion. 
DB13  and  DB12  of  the  16-bit  word  determine  which  of  the  four 
DAC  input  latches  is  to  be  loaded.  When  the  LDAC  line  goes 
low,  all  fow  DAC  latches  in  the  device  are  steiltEmeously 
loaded  with  the  contents  of  their  respective  ii^ut  latches  and  the 


AD7564 

I  SIGNAL^ 
GND 

NOTES 

1.  ONLY  ONE  DAC  IS  SHOWN  FOR  CLARITY. 

tpiGn-ALipuicoNNEcnoNSAREom  ; 
;a.'«!iPHk^c^i(maimoH($'i9pp)Rmtt  '  '    '  u 

'  H£dCimilSlrnENUSiMGHISA'SI)SDl^ 


-  Sgam't4.v4Bi^»eiar:B^m^  deration 

Al  should  be  chosen  to  suit  the  application.  For  example,  the 
ADOP-07  is  ideal  for  very  low  bandwidth  appUcations  while  the 
AD843  and  AD845  offer  very  fast  settling  time  in  wide  band- 
width appUcations.  Appropriate  multiple  vcgrsions  of  these 
amplifiers  can  be  used  with  ibs  ASMt  M  iiMie  board  space 
requirements. 

The  code  table  for  Figure  14  is  shown  in  Table  III. 

Table  m.  Unipolar  Binary  Code  Table 


Digital  Input 

Analog  Output 

iVtSB  LSB 

(VouT  iis  Shown  in  Figuie  14) 

nil  nil  nil 

-Vref  (4095/4096) 

1000  0000  0001 

-Vref  (2049/4096) 

1000  0000  0000 

-Vref  (2048/4096) 

0111  nil  nil 

-Vref  (2047/4096) 

0000  0000  0001 

-Vref  (1/4096) 

0000  0000  0000 

-Vref  (0/4096)  =  0 

NOTE 


TK|Siiftj9inssti<>fl  tppyss  ts  9:Bp4uct  ynfj?r,SLey«lopmW;JtS«'»iSO)»^  spscjfieations  ane  sulttj^c^  to  ebsap  yyjthOMt  notice. , 

Analog  Devices  assumes  nf  i^sHg^tict^  MC«i€'M!{uWr«<:m»@(^^  terdsbwritlfign  aemticas  tej'  f  c.o 


raPOLAR  OPERATION   : :  -  - 

(4-Quadhuit Multiplication)  '  ■  "  -  ■ 

Figure  IS^ows  the  susndard  coimectioii  diagram  for  bi|io&r  j 
operation  of  any  one  of  the  DACf  m  th£  ADvSS64.  llheceding  is 
offset  binary  as  shown  in  Table  IV.  When       is  an  ac  signal, 
the  circuit  perfoims  4-quadrant  multiplication.  To  maintain  the 
gain  error  specifications,  resistors  R3,  R4  and  RS  should  be 
ratio  matched  to  0.01%. 


rXvXl  >-|  DAC  aT 

Vp„A   I  f- 


NOTES  ,  ,'     'J  ■ 

1.  ONLY  ONE  DAC  IS  SHOWN  FOR  CLARITY.  ,  .  . 

2.  DIGITAL  INPUT  CONNECTIONS  ARE  OMITTED. 

.2-  .:  |EQUnH^4VI^|l9IK^^meiD;4WLIFIER,A1. 

Fiffum  16.  Bipolif,Ofmr8ti(i,n.(4-QuaelmtitMuklplication) 


Table  IV.  Bipolar  (Offset  Binary)  Code  Table 


Digital  Input 

Analog  Output 

MSB  LSB 

(VouT  as  Shown  in  Figure  IS) 

nil  nil  nil 

+Vref  (2047/2048) 

1000  0000  0001 

+Vref  (1/2048) 

1000  0000  0000 

+Vref  (0/2048)  =  0 

0111  nil  nil 

-Vref  (1/2048)  % 

0000  0000  poor 

-Vref  (2047/2048) 

NOTE 

Nominal  LSB  size  to!)lK;]^in$0«^%dU^tS«l)g^  bjr: 
Vkef  (1/2048) 


■  smeii£  SOTPLY  ewmm-  -■   ' 

The  AD7564  operates  from  a  ^^te  +5  V  »^1^4Sid  Shft-  f  s.^ 
makes  it  ideal  for  single*  si^y  syst^;  <^9!%^!apetbl&g'ia.  /I 
sudi  a:  system,  it  is  not  pieal^  to'iiie  thestsndmidi  Circuits  of  iv 
Figures  14  and  IS  mce  diese  invot  tbe  t^ittigr^it,  V^^. 
There  are  two  alternatives.  One  of  j&ese  e^^tai^  to  operate  the 
DAC  as  a  curreiit-iBpde.^aseyw>|^|»MMW^  voltage 
switching  mode.' 

Current  Mode  Circuit 

In  the  current  mode  circuit  of  Figure  16,  Iout2)  ^nd  hence 
louTi:    biased  positive  by  an  amount  Vqus'  Foi^  ^le  circuit  to 
operate  correctly,  the  DAC  ladder  termination>resistpr;miist  be 

connected  internally  to  Iquti-        is  the  case  witii-tilfe  

AD7564.  The  output  voltage  is  given  by: 


'OUT 


=  D 


'BIAS 


~  ■  (VBiAs-Vm)]  +Vb. 
Kdac  ) 

As  D  varies  from  0  to  4095/4096,  the  output  voltage  varies 

from  VouT  =  '^bi^AMut  =  2  Vbias  -V,n-  Vbias  should 

be  a  low  impedai^^feu^fcapable  of  sinking  and  sourcing  all 

possible  yar9A|mM|^^Tent  at  the  Iout2  terminal  widiont  any 

probkm%  Ufck* 


O-^  I— j  DAC  A  2_ 


NOTES 


j;    ';         1.  ONLY  ONE  DACIS  SHOWN  FOR  CLARITY.  h's'. 

2.  DIGITAL  INPUT  CONNECTIONS  ARE  OMITTED. 

3.  CI  PHASE  COMPENSATION  (S-15pF)  MAY  BE 
REQUIRED  WHEN  USING  HIGH  SPEED  AMPLIFIER,  A1. 


I.-  .;oc.linV/ alqi-.a.-T!  ;i.'>'L    ..;'-|.-  I   :  .J  iiV: 

iq<  'n:,' vDlrfmolM^ClA  am  .-.li  .-  Isfv  i-.,  -.k.,  .■i-.i.l  /mi 


E  s-.sJ;  ,oelA        -  • 


OltiO  .•  ••••• 


This<ii«opmjaM4  «iP#$tti  ii--»Mu^und8r'd»iflig>Msm.'ttstjh^^  ' 
Analeg  Devte iinilttiies  nambltJUBioff  f«S»F«rtiMii»ft^h«n(/fs(^ii«'ahli^o»WWJiSS'a^^«Si^^        =      —"5  seav  iC  ;oi..^ 
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FEATURES 

8  12-Bit  DACs  in  One  Package 
4-Quadrant  IVIultiplication 
Separate  References 
Single  +5  V  Supply 
Low  Power:  1  mW 

Versatile  Serial  Interface         ^-  '''i'  ^ 

Simultaneous  Updcta  Capabiltty  

Reset  Function 

44-Pin  PQFP  -  ■ 


FUNCTIONAL  BLOCK  DIAGRAM 


APPUCATIONS 
Process  Control 
Automatic  Test  Equipment 
General  Purpose  Instrumentation 


.0  '/".sruTjv" 


GENBUL  DESOUFHON 

The  AD7568  contains  eight  12-bit  DACs  in  tme  monolithic  de- 
vice. The  DACs  are  standard  cuirent  output  with  sqsaiate 

Vrefs  Iouti>  Iout2      Rfb  terminals. 
The  AD7568  is  a  serial  input  device.  Data  is  loaded  using 
FSIN,  CLKIN  and  SDIN.  One  address  pin,  AO,  sets  up  a  de- 
vice address,  and  this  feature  may  be  used  to  simplify  device 
loading  in  a  multi-DAC  environment. 

All  DACs  can  be  simultaneously  updated  using  the  asynchro- 
nous LDAC  input  and  they  can  be  cleared  by  asserting  the 
asynchronous  CLR  input. 

The  AD7S68  is  housed  in  a  space-saving  44-pin  Plastic  Quad 

.■i.  11/^.  .  ■ .         ■  -  ■  ■  ' 
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ACCURACY 

Resolution 
Relative  Accuracy 
Differential  Nq 

Gain  Error   

+25''C 

Gain  Temperature  Coefficient 
Output  Leakage  Current 

^OUTl 

@  +25°C 
Twin  W  Tmax 


12 

±0.5 
±0.9 

±4 

±5' 

2 

5  . 


10 
200 


Bits 

LSB  max 
LSB  max 

LSBs  max 
LSBs  max 
ppm  FSR/°C  typ 
ppm  FSR/^  max 


nA  max 
nA  max 


1  LSB  =  =  1.22  mV  when  Vref  =  5  V 

All  Grades  Guaranteed  Monotonic  over  Temperature 


See  Terminology  Sectioii 


OiiO  M  eOiV    -i  if 

33ilC|WuM  Tr>r.ll3 '.Ui: 

■-^ao'WtvitF.  •  £  -sr. 
...  >3.'f!  Ibhs'  .'1.:  le- ■■ 


Ladder  Aesii^illkel 


kd  min 

kfi  max 

%  ma); 


-i.-l  1-9; 

Typical  Iiqnit  Resistance  =  7  kfl  r.;:". 
Typically  0.6% 


DIGITAL  INPUTS 
Vamy  Input  High  Voltage 
Viffu  Input  Low  Voltage 
Idqj,  Input  Current 
Cq.),  Input  Capacitance 


2.4 
0.8 
±1 
10 


V  min 

V  max 

max 
pF  max 


POWER  REQUIREMENTS 
Vdd  Range 

Power  Supply  Sensitivity 


4.75/5.25 

-75 
300 
3.5 


V  minA^  max 

dB  typ 
|xA  max 
mA  max 


''-  Vi,^  =  4.0'^'mm,  V^^    04  V  max 


^teST  

(These  characteristics  are  included  for  Pes^  SUim^jaii  Mty  not  sdjsct  tP 


AC  PERFORMANCE  CHARACTERISTICS  test.  DAC  output  op  amp  is  AD843.) 


Parameter 

AD7568B^ 

Units 

1  .   -    T- . — T — ^  -r 

Test  Conditions/Comments 

DYNAMIC  PERFORMANCE 

Output  Voltage  Settling  Time 

500 

ns  typ 

To  0.01%  of  Full-Scale  Range.  DAC  Latch  Alternately 
Loaded  with  All  Os  and  All  Is. 

Digital  to  Analog  Glitch  Impulse 

40 

nV-s  typ 

Measured  with  Vref  =  0  V.  DAC  Register  Alternately 
Loaded  with  All  Os  and  All  Is. 

Multiplying  Feedthrough  Error 

-66 

dB  max 

Vref  =  20  V  pk-pk,  10  kHz  Sine  Wave.  DAC  Latch 
Loaded  with  All  Os. 

Output  Capacitance 

60 

pF  max 

All  Is  Loaded  to  DAC. 

30 

pF  max 

All  Os  Loaded  to  DAC. 

Channel-to-Channel  Isolation 

-76 

dB  typ 

Feedthrough  from  Any  One  Reference  to  the  Others 
with  20  V  pk^k,  10  kHz  Sine  Wave  Applied. 

Digital  Crosstalk 

40 

nV-s  typ 

Effect  of  all  Os  to  all  Is  Code  Transition  on  Nonselected 
DACs.   

D^tal  Feedtfaiough 

40 

nV-s  typ 

Feedthrough  to  Any  DAC  Output  with  FSIN  High  and 
Square  Wave  AppUed  to  SDIN  and  SCLK. 

T(Kal  Harmonic  Distmion 

-83 

dBtyp 

Vref  =  6  V  rms,  1  kHz  Sine  Wave. 

Output  Noise  Spectral  Dmsity 

nV/ViE 

@  IkHz 

20 

All  Is  Loaded  to  the  DAC.  Vref  =  0  V.  Output  Op 
Amp  is  AD  OP-07. 

NOTES 

'Temperatuie  range  as  follows:  B  Veision:  -40°C  to  +S5°C. 

^AU  qwrificafioDB  also  apply  for  Vjtsii  =  +10  V,  esEcept  lelative  accniacy  wli»^  degrades  to  ±1  LSB. 
SpedBcadons  sub{ect  to  change  «ffl0ni  w>^cA> 
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TIMING  SPECIFICATIONS  (Von  =  +5  v  ±  5%; 


Limit  at  ' 

Limit  at 

Ta  =  -40°C  to  +85°C 

Units 

Description                   (_■[  j. 

t. 

H 

100 

100 

CLKIN  Cvcie  Tirhe  J  SBMlioV  ■ 

h 

40           -  -- 

40 

ns  min 

CLKIN  High  Time  '  J  '^*'^'  ^" 

h 

40 

40 

ns  min 

CLKIN  Low  Time    ''-  'l,' '  ;  "  ;  V^^*  - 

U 

30 

30 

^jpoin 

FSIN  Setup  Tipae  jjj  ajjggi^  ij,,  ,. 

u 

30 

30 

jas  0^  . 

Para  Setup  Ti^n»!?  yuam>i  r  -  ?i, 

5  <taetv. 

5  * 

hs  min 

DataHoldTiine;  .       -i'-^-  i 

h 

90  •» 

ns  min 

FSlN  Hold  Time       '      '      - '  ' 

70 

70 

ns  max 

SDOUT  VaUd  After  CLKIN  FalM^'fdge 

40 

40 

ns  min 

LDAC,  CLR  Pulse  Width 

NOTES 

'Sample  tested  at  +25*^  to  enisure  compliance.  All  input  signal  are.^SGd^?4  tr  =\tf  =  5  (10%  to  90%  of  5,^  and  tim 
\  is  measured  with  the  load  circuit  of  Figure  2  and  defined  as  fbr%^;Qfl%^  tp  cross  0.8  V  <if     V^'  '  ^ 


fir  vA  *n«Ttb«'?-j  Rr.' 


Ipf  14  V. 


1 

H h 

Um/\AAA/LrLr 

FSIN  <0  ^ 

 <f  



-0- 


F^fi?  t  Timing  Diagram 


III 


ORDERING  GUIDE 


Figure  2.  Load  Circuit  for  Digital 
Output  Timing  Specifications 


Temperature 

Linearity 

Pacl(age 

Model 

Range 

Error  (LSBs) 

Option* 

AD7568BS 

-1)^  to  +8S°C 

±0.5 

S-44 

*S  =  Plastic  Quad  Pkt  Pack  (PQFP).  For  outline  information  see  ito-  * 
age  Ii^ormation  section.  t.  : 
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AiBSOLUTE  MA^nomiMame^ 

V^-to  DGND  -0.3  V  to  +6  V 

loxrri  to  DGND   -0.3  V  to  Vdd  +  0.3  V 

IouT2  to  DGND   ^      ^.'^0.3  V  to  Vdd  +  0.3  V 

Digital  Input  Voltage  to  DGN©  >\  i7X^9.3  V  to  Vdd  +  0-3  V 

Vrfb.  Vref  to  DGND   ±15  V 

Input  Current  to  Any  Pin  Except  Supfdies^  .  ±10 

Operating  Temperature  Range 

Commercial  Plastic  (B  Version)  -40°C  to  +85°C 

Storage  Temperature  Range   — 65°C  to  +150°C 

Lead  Temperature  (Soldering,  10  sees)  +300°C 

Power  Dissipation  (Any  Paf^^age)  tq  +75°C   .250  mW 

Derates  abf^<JF^^P*5t^;';,,..  ...  .  •   

NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximiun  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
mnyimiim  rating  Conditions  for  extended  periods  may  a£fect  device  leliabifity. 
^l^tansieiK  cuoents  of  iq>  to  W''m/i^iMwm^amiMMti00K^ 


PIN CON£IGlJItAXIO^    ....   A  .  . 


1j.'>S>8ii  JlJI 


3  3 


3  S  1;  ^  !i  !i  S 
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NC  1  L 

lounF  »C 

loimf  5  cm 

Hf«0  7C 

Vama  tCC 
hWRO  sIZlZ 


<  PM  1 1DENTFER 


AD7568 

TOP  VIEW 

(MotuScaie) 


S5SSStSS85S9 


1^  mNO  CONNEGT 


J  33  NC 

]3a 

]31  RpbC 

]30  lounC 

]29  I0UT2C 

]Z7  RnB 
]M  lounB 
]25  lounB 

123  RnA 


CAUnON  ;  

ESD  (eleetxo^iide  ^Uiaige)  sensitive  device.  The  digital  control  iqputs  are  digd?  protectejii 
however,  pennUieitt  damage  may  occur  on  unconnected  devices  subject  to  hi^  energy  electro- 
static fidds.  Unused  devices  must  be  stored  in  conductive  foam  or  shimts.  The  protective  foam 
should  he  discharged  to  the  destination  socket  before  devices  are  removed. 


FIN  N^sQpnnoif . 


Description 


'DD 

DGND 
AGND 

VrefA  -  VrefH 

RpgA  -  RpfiH 

lotrrA  ~  louT^ 
AGNfi 


FSIN 


SDIN 


SDOUT 
AO 


LDAC 


Positive  power  supply.  This  is  +5  V  ±  5%.       . ,  . 
Digital  Gnnmd. 

Analog  Groimd. 
DAG  reference  inputs. 

DAC  feedback  resistor  pins.  -  .  . 

DAG  current  output  terminals. 

This  pin  connects  to  the  back  gates  ctf  the  current  steering  switdies.  It  should  be  connected  to  the  signal  groimd 

of  the  system. 

Qock  Input.  Data  is  clocked  into  the  input  shift  register  on  the  falling  edges  of  CLKIN. 
Level-triggered  control  input  (active  low).  This  is  the  frame  synchronization  signal  for  the  input  data.  When 
FSIN  goes  low,  it  enables  the  input  shift  register,  and  data  is  transferred  on  the  falling  edges  of  CLKIN.  If  the 
address  bit  is  valid,  the  12-bit  DAC  data  is  transferred  to  the  appropriate  input  latch  on  the  sixteenth  falling 
edge  after  FSIN  goes  low. 

Serial  data  input.  The  device  accepts  a  16-bit  word.  The  first  bit  (DB15)  is  the  DAC  MSB,  with  the  leoiaiiimg 
bits  following.  Next  comes  the  device  address  bit,  AO.  If  this  does  not  correspond  to  the  logic  level  on  pin  AO, 
the  data  is  ignored.  Finally  come  the  three  DAC  select  bits.  These  determine  which  DAC  in  the  devibe  is 
selected  for  loading.  '    •'  "  '   "     ■  ■ 

This  shift  roister  output  allows  multiple  devices  to  be  connected  in  a  daisy  chain  configuration. 
Device  address  pin.  This  input  gives  the  device  an  address.  If  DBS  of  die  serial  input  stream  does  not 
correspond  to  this,  the  data  whidi  follows  is  ignored  and  not  loaded  to  any  input  latdi.  However  it  will  appear 
at  SDOUT  irrespective  of  this. 

A^diFOnous  LDAC  input.  When  this  input  ia  taken  low,  all  DAC  Uaiua  are  simultaneously  updated  witfi  1^ 
omients  of  die  input  latdies. 

Aqnujuoooia  CLR  input.  When  Mi  i^pn  is  Sten  low,  all  DAC  latdi  oa^nts  go  to  zero. 


amAL-T<>Aimx3&Bmvmfsm 


AD7568 


TERMINOLOGY 
Relative  Accuracy 

Relative  Accuracy  or  endpoint  linearity  is  a  measure  of  the  max- 
imum deviation  from  a  straight  line  passing  through  the  end- 
points  of  the  DAC  transfer  fimction.  It  is  measured  after 
adjusting  for  zero  error  and  full-scale  error  and  is  normally  ex- 
pressed in  Least  Significant  Bits  or  as  a  percentage  or  full-scale 
reading.  j  2, 

Differential  Nonlinearity 

Differential  nonlinearity  is  the  difference  between  the  measured 
change  and  the  ideal  1  LSB  change  between  any  two  adjacent 
codes.  A  specified  differential  nonUiuaiity  df  1  LSI  jmAoIIHiL- 
ensures  monotonicity. 

Gain  Error 

Gain  Error  is  a  measure  of  the  output  error  between  an  ideal 
DAC  and  the  actual  device  output.  It  is  measured  with  all  Is  in 
the  DAC  after  offset  error  has  been  adjusted  out  and  is  ex- 
pressed in  Least  Significant  Bits.  Gain  error  is  adjoscibte  to  zittt 
with  an  external  potentiometer. 

Output  Lealtage  Current 

C^tpii^  leal^ge.currentiis  current  which  flows  in  the  DAC  lad- 
switches^hen'thoie  aire  ttimed  off.  For  the  Iquti  terminal, 
it  can  be  measured  by  loading  all  Os  to  the  DAC  and  measuring 
the  louTi  current.  Minimum  current  will  flow  in  the  loim  line 
when  the  DAC    loaded  with  all  Is.  This  is  a  combination  of 
tbe,  sMtch  leak^  ^Ipspoisnd  the'  ladder  termination  resistor 
current.  The,  Iqutz  leakage  current  is  tjfpically  equal  to  that  in 

'OUTl- 

Output  Capacitance 

This  is  the  capacitance  from  the  I^puxi      to  AGND.- 


Output  Voltage  Settling  Time 

This  is  the  amount  of  time  it  takes  for  the  output  to  settle  to  a 
specified  level  for  a  full-scale  input  change.  For  the  AD7568,  it 
is  specified  with  the  AD843  as  the  output  op  amp. 

Digital  to  Analog  Glitch  Impulse 

This  is  the  amount  of  charge  injected  into  the  analog  output 
when  the  inputs  change  state.  It  is  normally  specified  as  the  area 
of  the  glitch  in  either  pA-secs  or  nV-secs,  depending  upon 
whether  the  glitch  is  measured  as  a  current  or  voltage  signal.  It 
is  measured  with  the  reference  input  connected  to  AGND  and 
the  digital  inputs  toggled  between  all  Is  and  all  Os. 

Feledthrough  Error 

This  is  the  error  due  to  capacitive  feedthrough  from  the  DAC 
reference  input  to  the  DAC  Iqut  terminal,  when  all  Os  are 
loaded  in  the  DAC.  ■  .i    ■  ..J  <  • 

CliaiuiStliiii^Qiaiiiiel  Isolaiiini 

Cbannd-to-channd  isolation  refers  m  die  ptispottiim  of  input 
signal  from  one  DAC's  reference  input  iHddi  appears  at  the  out- 
put of  any  other  DAC  in  the  device  and  is  expressed  in  dBs. 

Digital  Crosstalk 

The  glitch  impulse  transferred  to  the  output  of  one  converter 
due  to  a  change  in  digital  input  code  to  the  other  converter  is 
defined  as  the  Digital  Cro^talk  aa^is  ^Kj^eA in ^Vigetiij 

Digital  Feedthrough 

When  the  device  is  not  selected,  high  frequency  logic  activity  on 
the  device  digital  inputs  is  capacitively  coupled  through  the  de- 
vice to  show  up  as  noise  on  the  Iqut  pi"  ^"'^  subsequendy'dfl  * 
the  op  amp  output.  This  noise  is  digital  feedthrough.        '  '  ^ 


Table  I.  AD7568  Loading  Sequence 


DB15 


DEO 


DBU 

DBIO 

DB9 

018 

PB7 

DB6 

DBS 

DB4 

DB3 

DB2 

DBl 

DBO 

AO 

DS2 

DSl 

DSO 

Table  11.  DAC  Selection 


DS2 

DSl 

DSO 

Function 

0 

0 

0 

DAC  A  Selected 

0 

0 

1 

DAC  B  Selected 

0 

1 

0 

DAC  C  Selected 

0 

1 

1 

DAC  D  Selected 

1 

0 

0 

DAC  E  Selected 

I 

0 

1 

DAC  F  Selected 

1 

1 

0 

DAC  G  Selected 

1 

1 

1 

,  DAC  H  Selected 

OMQ  \  on  OMa  t^  imMbkhA 
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AD^—Typical  Performance  Curves 
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RgumiSk  Supply  Current  vs.  Logic 
InputVefage 
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Figure  ft  Integral  Nortlinearity  Error 
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Figure  7.  Typical  DAC  to  DAC 
Linearity  Matching 
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Figure  8.  Total  Harmonic  Distortion 
vs.  Frequency 


Figure  9.  Digital-to-Analog  Glitch 
ImfMlae 
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Figure  10.  Channel-to-Channel 
Isolation  (1  DAC  to  1  DAC) 
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Figure  1 1.  Channal-to-Channel  Iso- 
lation (1  DAC  to  All  Other  DACs) 
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Figure  12.  Multiplying  Frequency  Response  vs.  Digital 

Code         ■  •-•i"'' 's^'ii:'!  ♦acTiO,!  Ti!5<;  .'  '."  ji-JsT 

GENERAL  DESCRIPTION 
D/A  Section 

The  AD7568  contains  eight  12-bit  current-output  D/A  convert- 
ers. A  simplified  circuit  diagram  for  one  of  the  D/A  converters 
is  shown  in  Figiu-e  13. 

A  segmented  scheme  is  used  whereby  the  2  MSBs  of  the  12-bit 
data  word  are  decoded  to  drive  the  three  switches  A,  B  and  C. 
The  remaining  10  bits  of  the  data  word  drive  the  switches  SO  to 
S9  in  a  standard  R-2R  ladder  configuration. 

Each  of  the  switches  Ajo  C  steers  1/4  of  the  total  reference  cur- 
rent with  the  numining  anient  passing  through  the  R-2R 
section. 

Each  DAC  in  the  device  has  separate  Vref>  Iqutd  Iout2  ™<i 
Kpg  pisis.  This  makes  the  device  extremely  versatile  and  allows 
DACsfS  the  same  device  to  be  configured  differently. 

When  an  output  amplifier  is  coimected  in  the  standard  coniigu- 
ra&on  of  Figure  13,  the  output  voltage  is  given  by: 

VoUT  =-D-Vkef 
where  D  is  the  fractional  representation  of  the  digital  word 
loaded  to  the  DAC.  Thus,  in  the  AD7568,  D  can  be  set  from  0 
to  4095/4096. , 


The  AD7568  is  a  serial  input  device.  Three  lines  control  the 
serial  interface,  FSIN,  CLKIN  and  SDIN.  The  timing  diagram 
is  shown  in  Figure  1 . 

When  the  FSIN  input  goes  low,  data  appearing  on  the  SDIN 
line  is  clocked  into  the  input  shift  register  on  each  falling  edge 
of  CLKIN.  When  sixteen  bits  have  been  received,  the  register 
loading  is  automatically  disabled  imtil  the  next  falling  edge  of 
FSIN  detected.  Also,  the  received  data  is  clocked  out  on  the 
next  rising  edge  of  CLKIN  and  appears  on  the  SDOUT  pin. 
This  feature  aUon^  seyftal  ayyat'fe'  bg  eonnected  togetfa^  in  a 
daisy  chSin  fashion.  '"'  ^  ^ 

When  the  sixteen  bits  have  been  received  in  the  input  shift  reg- 
ister, DB3  (AO)  is  checked  to  see  if  it  corresponds  to  the  state 
of  pin  AO.  If  it  does,  then  the  word  is  accepted.  Otherwise,  it 
is  disregarded.  This  allows  the  user  to  address  one  of  two 
AD7568S  in  a  very  simple  fashion.  DBG  to  DB2  of  the  16-bit 
word  determine  which  of  the  eight  DAC  input  latches  is  to  be 
loaded.  When  the  LDAC  hue  goes  low,  all  eight  DAC  latches  in 
the  device  are  simultaneously  loaded  with  the  contents  of  their 
respective  input  latches,  and  the  outputs  change  accordingly. 

Bringing  the  CLR  line  low  resets  the  DAC  latches  to  all  Os.  The 
input  latches  are  not  affected,  so  that  the  us«  cafif  revert  to  the 
previous  analog  output  if  desired.  . 'n, .  -      .'  ,;V,k; 
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Figure  14.  Input. Logic,,  i.j 
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Figure  13.  Simplified  D/A  Circuit  Diagram 
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Figure  15  shows  the  standard  unipolar  binary  connection  dia- 
gram for  one  of  the  DACs  in  the  AD7568.  When  Vj^  is  an  ac 
signal,  the  circuit  performs  2-quadrant  multiplication.  Resistors 
Rl  and  R2  allow  the  user  to  adjust  the  DAC  gain  error.  Offset 
can  be  removed  by  adjusting  the  output  amplifier  offset  voltage. 

Al  should  be  chosen  to  suit  the  application.  For  example,  the 
ADOP-07  or  OP-177  are  ideal  for  very  low  bandwidth  apphca- 
tions  while  the  AD843  and  AD845  offer  very  fast  settling  time 
in  wide  bandwidth  appU9,^gm^^^|^ial$  n^tiple  ,ye|:sM}It$  ; 
of  these  amplifiers  can  ie  t!i«»iMn« 'Ab7i68  to  re^fifie 
board  space  requirements. 

The  code  table  for  Figure  15  is  shown  in  Table  III. 


A1:  OP-177 
ADOP-07 
AD711 

1.  ONLY  ONE  DAC  IS  SHOWN  FOR  CLARITY.  *DM5 

2.  OiarTAL  INPUT  CONNECTIONS  ARE  OMITTED. 

3.  SI  PHASE  COMPENSATIOM  (KrlSpF)  MAY  BE 
REOUIRED  WHEN  USING  HIGH  SPEED  AMPLIFIER,  M. 


gffiwehs.  Unipolar  Binary  Operatio^^ 
Table  nr.'  tTtiipoIar  Binary  Code  Table 


Digital  btptH 

Analog  Output 

MSB  , . ,  ,  ISB 

(Voirr  As  Shown  in  Figure  15) 

nil  nil  nil 

-Vref  (4095/4096) 

1000  0000  0001 

-Vref  (2049/4096) 

1000  0000  0000 

-Vref  (2048/4096) 

0111  iiu  nil 

-Vref  (2047/4096) 

0000  0000  0001 

-Vref  (1/4096) 

0000  0000  0000 

-Vref  (0/4096)  =  0 

NOTE 

Nominal  LSB  size  for  tlle  circuit  of  Figxire  15  is  given  by;  Vref  Cl/4096). 

BIPOLAR  OPERATION 
(4-(^iadiant  Midti^cation) 

Figure  16  sbtms  Ae  standard  connection  diagram  for  bipolar 
operation  of  any  one  of  the  DACs  in  the  AD7568.  The  coding  is 
offset  binary  as  shown  in  Table  IV.  When  V,n  is  an  ac  signal, 
the  circuit  performs  4-quadiaiit  mult^lication.  To  maintain  the 
gain  error  specifications,  resistors  R3,  R4  and  R5  ^ould  be  ra- 
tio matched  to  0.01%. 


tH  iXvX<>-  dacaT 
V.U.A  I— — ^ 


NOTES 

1.  ONLY  ONE  DAC  IS  SHOWN  FOR  CLARITY. 

2.  DIGITAL  INPUT  CONNECTIONS  ARE  OMITTED. 

3.  C1  PHASE  COMPENSATION  (5-15pF)  MAY  BE 
REOUIRED  WHEN  USING  HIGH  SPEED  AMPLIFIER,  Al . 

Figure  16.  Bipoiar  Operation  (4-Quadrant  IVIuitiplication) 


Table  IV.  Bipolar  (Offset  Binary)  Code  Table 


Digital  Input 
MSB  

.  .  LSB 

Analog  Output  '  > 
(YovT  ^  Shown  in  Figure  16)^ 

nil  nil  iiir 

1000  0000  0001  ■ 
1000  0000  0000 

0111  nil  nil 

0000  0000  0001 
0000  0000  0000 

■f  Vref  (2047/2048) 

Vref  (1/2048) 
+Vref  (0/2048)  =  0 
-Vref  (1/2048) 
-Vref  (2047/2048) 
-Vref  (2048/2048)  =  -Vref 

NOTE 

Nominal  LSB  size  for  the  circuit  of  Figure  16  is  giiKB  J>y:  (1/2048). 

... .  ir.  ajifn.em:!"  -i.  ' 

SINGLE  SUPPLY  CIRCUITS 

The  AD7568  operates  from  a  single  4-5  V  supply,  and  this 
makes  it  ideal  for  single  supply  systems.  When  operating  in 
such  a  system,  it  is  not  possible  to  use  the  standard  circuits  of  . , 
Figures  15  and  16  since  these  invert  the  analog  input,  Vjjj. 
There  are  two  alternatives.  One  of  these  continues  to  operate  th6 
DAC  as  a  currefit-mode  device,  while  the  odier  uses  the  volta^ 
switching  mode. 


"BIAS  ^ 

NOTES 

1 .  ONLY  ONE  DAC  IS  SHOWN  FOR  CLARITY. 

2.  DIGITAL  INPUT  CONNECTIONS  ARE  OMITTED.  -'  " 

3.  CI  PHASE  COMPENSATION  (5-15pF)  MAY  BE 
REQUIRED  WHEN  USING  HIGH  SPEED  AMPLIFIER,  Al. 

Figure  17.  Single  Supply  Current-Mode  Operation 
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Current  Mode  Circuit 

In  the  current  mode  circuit  of  Figure  17,  Iout2j  hence 
louTu  is  biased  positive  by  an  amoimt  Vbias-  For  the  circuit  to 
operate  correctly,  the  DAG  ladder  termination  resistor  must  be 
connected  internally  to  loura-  is 
AD7S68.  The  output  voltage  is  given  by: 


As  D  varies  from  0  to  4095/4096 
Vni-T  =  V„,.c  to  Vn,-T  =  2  V 


the  output  voltage  varies  from 
ViN.  V„,.»  should  be  a 


OUT  ~    *  BIAS        *  OUT  ~  -i-  V  BIAS 

low  impedance  source  capable  of  sinking  and  sourcing  all  possi- 
ble variations  in  current  at  the  Iqutz  terminal  without  any 
problems. 

Voltage  Mode  Circuit 

Figure  18  shows  DAC  A  of  the  AD7568  operating  in  the 
voltage-switching  mode.  The  reference  voltage,  V,fj  is  appUed  to 
the  louTi  PiJ^j  IouT2     connected  to  AGND  and  the  output 
voltage  is  available  at  the  Vref  terminal.  In  this  configuration,  a 
positive  reference  voltage  results  in  a  positive  output  voltage 
making  single  supply  operation  possible.  The  output  from  the 
DAC  is  a  voltage  at  a  constant  impedance  (the  DAC  ladder  re- 
sistance). Thus,  an  op  amp  is  necessary  to  buffer  the  output 
voltage.  The  reference  voltage  input  no  longer  sees  a  constant 
input  impedance,  but  one  which  varies  with  code.  So,  the  volt- 
age input  should  be  driven  from  a  low  impedance  source. 

It  is  important  to  note  that  V,fj  is  limited  to  low  voltages  be- 
cause the  switches  in  the  DAC  no  longer  have  the  same  source- 
drain  voltage.  As  a  result,  their  on-resistance  differs  and  this 
degrades  the  integral  hnearity  of  the  DAC.  Also,  V,n  must  not 
go  negative  by  more  than  0.3  volts  or  an  internal  diode  will  turn 
on,  causing  possible  damage  to  the  device.  This  means  that  the 
fiill-t^nge  multiplyiiig  capabili^  of  the  DAC  is  lost. 


NOTES  ^, 

1)  ONLY  ONE  DAC  IS  SHOWN  FOR  CLARITY. 

2)  DHUTAL  INPUT  CONNECTIONS  ARE  OHITTED. 
9)C1PIMSE00MPBBATION«MIpr)liMrfefelil         .  :  ji 

iieoMie>WMENusiMiHiaH*Psa«anjFei,Ai.        ;    ^. : 

Rgure  18.  Single  Sup0fmU^Sii/iiiMAig^  '  '"" 
Mode  Operation         wviroiffibn,.^   ..  p.  r  .^j.. 

AFPUGMlNiiSiv.  ,jr-3  .-  :     -bintlfjna  mL'tc- >  ■  . 
Prognimnable  $t«te  Vaori^  Filter       :  <: 
The  AD7S68  with  its  moltiplying  capalnlity  and  fast  settlii% 
time  is  ideal  for  many  types  of  signal  coq(|itioning  applications. 
The  circuit  of  Figure  19  shows  its  use  in  a  state  variable  filter 
design.  This  type  of  filter  has  three  outputs:  low  pasm  Jiigfa  pass' 
and  bandpass.  The  particular  version  shown  in  Figut£  19  uses 
one  half  of  an  AD7568  to  control  the  critical  parameters  Q 
and  Ao.  Instead  of  several  fixed  resistors,  the  circuit  uses  the 
DAC  equivalent  resistances  as  circuit  elements.  Thus,  Rl  in 
Figure  19  is  controlled  by  the  12-bit  digital  word  loaded  to 
DAC  A  of  the  AD7568.  This  is  also  the  case  with  R2,  R3  and 
R4.  The  fixed  resistor  R5  is  the  %db>ck  .resist^)  RraB- 

DAC  Mtmvakm:  RmmKt,  Req  =  (RumuBR  ^  4096)/N 
where:  ■  ' 

Rladder  is  the  DAC  ladder  resistance. 


N  is  the  DAG  Digital  Code  in  Dedmalj^  <  N  <  4096)> 


'oma* 


'■w^itsrA  Mftilqiiir  ril  .i.i 


LOW 
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NOTES 

1.  A1,A2,  A3,  A4;  1/4XAD713 

2.  DIQITAL  INPUT  CONNECTIONS  ARE  OMITTED. 

3.  03  IS  A  COMPENSATION  CAPACITOfl  TO  ELIMINATE 

O  AND  GAIN  VARIATIONS  CAUSED  BY  AMPLIFIER  GAIN 
BANDWIDTH  LIMITATIONS. 


Figure  19.  Programmable  2ncl  Order  State  Variable  Filter 
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In  the  circuit  of  Figure  19: 

CI  =  C2,  R7  =  R8,  R3  =  |14  (i.e.,  the  same  code  is  loaded 
toeachDAC). 

Resonant  frequency,  fo  =  1/(2-itR3C1).  -  .ft'  .-" 

Quality  Factor,  Q  =  (R6/R8)  (R2/R5).  "  ' 

Bandp«is  Qui,  AO  =  -lU/R^. 

Using  iiriues  Aown  in  Figure  19,  the  Q  range  is  0.3  to  5, 
and  the  ^  tasge  is  0  to  12  kHz. 


APPLICATION  HINTS 

Output  Offset  '  ^ 

CMOS  D/A  converters  in  circuits  such  as  Figue^  15,  16-and  17 
exhibit  a  code  dependent  output  resistance  which  in  turn  can 
cause  a  code  dependent  error  vokage  at  the  output  of  the  ampli- 
fier. The  maximum  amplitude  of  this  error,  which  adds  to  the 
D/A  converter  nonlinearity,  depends  on  Vos,  where  V^s  is  the  ' 
amplifier  input  offset  voltage.  For  the  AD7568  to  maintain  spec- 
ified accuracy  with  Vref  ^'     V,  it  is  recommended  that  Vqs 
be  no  greater  than  500  |xV,  or  (50  x  10"')-(Vr£p),  over  the  tem- 
perature range  of  operation.  Suitable  amplifiers  include  the  AD 
OP-07,  AD  OP-27,  OP-177,  AD711,  AD845  or  multiple  ver- 
sions of  these. 

Temperature  Coefficients 

The  gain  temperature  coefficient  of  the  AD7568  has  a  maximimi 
value  of  5  ppm/°C  and  a  typical  value  of  2  ppm/°C.  This  corre- 
sponds to  gain  shifts  of  2  LSBs  and  0.8  LSBs  respectively  over  4 
100°C  temperature  range.  When  trim  resistors  Rl  and  R2  are 
used  to  adjust  full-scale  in  Figures  15  and  16',^l3ielFtetn(>erat& 
coefficients  should  be  taken  into  account.  For  further  informa- 
tion see  "Gain  Error  and  Gain  Temperature  Coefficient  of 
CMOS  Multiplying  DACs,"  AppUcation  Note,  Publication 
Number  E630c-»-3/86<,  imaMaeimilc^l:Mm<S)eM»aiT  V. 
High  Frequency  Considerations 

The  output  capacitances  of  the  AD7568  DACs  work  in  conjunc- 
tion with  the  amplifier  feedback  resistance  to  add  a  pole  to  the 
open  loop  response.  This  can  cause  ringing  or  oscillation.  Stabil- 
ity can  be  restored  by  adding  a  rham  iimi^^nM^^  TBl^tor  in 
parallel  with  the  feedbadt  Jetill^i{3^^''^^^H^^^Wi^  ^  ^'8' 
ures  15,  16  and  17. 

MICROPROCESSOR  INTERFACING 
AD7568-80C51  Interface 

A  serial  interface  between  the  AD7568  and  the  80C5 1  micro- 
controller is  shown  in  Figure  20.  TXD  of  the  80C51  drives 
SCLK  of  the  AD7568  while  RXD  drives  die  serial  data  hne  of 
the  part.  The  FSIN  agtud  is  derirod  fim^  P3.3. 


The  80C51  provides  the  LSB  of  its  SBUF  register  as  the  first  bit 
in  the  serial  data  stream.  Therefore,  the  user  will  have  to  ensure 
that  the  data  in  the  SBUF  register  is  arranged  correctly  so  that 
the  data  word  transmitted  to  the  AD7568  corresponds  to  the 
loading  sequence  shown  in  Table  I.  When  data  is  to  be  trans- 
mitted to  the  part,  P3.3  is  taken  low.  Data  on  RXD  is  vahd  pn 
the  falling  edge  of  TXD.  The  80C5 1  transmits  its  serial  data  in 
8-bit  bytes  with  only  eight  falling  clock  edges  occmrring  in  the 
transmit  cycle.  To  load  44ta  tp  the  AD7568,  P3.a  is  left  low  af- 
ter the  first  eight  bits  are  transferred,  and  a  second  byte  of  data 
is  then  tnaffifsred  sdriaJljr  vt  tD&W^tSSii  W&eii  &e  secdild-^ 
senal.tniti^  is.,  complete,  dt«/P3^  te  iRiii^Jhighi  Nbte  lliat 

LSB  fiisK  wixiMiJ5(&mim!>s^%mimBlmis&km^   ^  J 

tnmsmit  routine  should  tai»  diis  into  account.  ' 


80C51* 

AD7568* 

P3.5 

cUr 

P3.4 

LDAC^ 

TXD 

SCLK 

RXD 

SDIN 

■      .-'        •ADDmONAL  PINS  OMITTED  FOR  CLARITY 

Figure  20.  AD7568  to  aOCXf  lnttuface 


LDAC  and  CLR  on  the  AD7568  are  also  controlled  by  80C51 
port  outputs.  The  user  can  bring  LDAC  low  after  every  two 
bytes  have  been  transmitted  to  update  the  DAC  which  has  been 
programmed.  Alternatively,  it  is  possible  to  wait  until  all  the 
input  registers  have  been  loaded  (sixteen  byte  transmits)  and 
then  update  the  DAC  outputs. 

AD7568-68HC11  Interface 

Figure  21  shows  a  serial  interface  between  the  AD7568  and  the 
68HC11  microcontroller.  SCK  of  the  68HC11  drives  SCLK  of 
the  AD7568,  while  the  MOST  output  drives  the  serial  data  line 
of  the  AD7568.  The  FSIN  signal  is  derived  from  a  port  line 
(PC7  shown). 

For  correct  operation  of  this  interface,  the  68HC11  should  be 
configured  such  that  its  CPOL  bit  is  a  0  and  its  CPHA  bit  is  a 
1 .  When  data  is  to  be  transmitted  to  the  part,  PC7  is  taken  low. 
When  the  68HC1 1  is  configured  like  this,  data  on  MOSI  is  vahd 
on  the  falling  edge  of  SCK.  The  68HC1 1  transmits  its  serial 
data  in  8-bit  bytes  (MSB  first),  with  only  eight  falling  clock 
edges  occurring  in  the  transmit  cycle.  To  load  data  to  the 
AD7568,  PC7  is  left  low  after  the  first  eight  bits  are  transferred, 
and  a  second  byte  of  data  is  then  transferred  serially  to  the 
AD7568.  When  the  second  serial  tran^  is  complete,  the  PC7 
hne  is  taken  high. 
:  ■-    Mav.    '^^  Q, ,.  * 
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In  Figure  21,  LDAC  and  CLR  are  controlled  by  the  PC6  and 
PC5  port  outputs.  As  with  the  80C51,  each  DAC  of  the  AD7568 
can  be  updated  after  each  two-byte  transfer,  or  else  all  DACs 
can  be  simultaneously  updated. 

AD7568-ADSP-2101  Interface 

Figure  22  shows  a  serial  interface  between  the  AD7568  and  the 
ADSP-2101  digital  signal  processor.  The  ADSP-2101  may  be  set 
up  to  operate  in  the  SPORT  Transmit  Normal  Internal  Framing 
Mode.  The  following  ADSP-2101  conditions  are  recommended: 
Internal  SCLK;  Active  High  Framing  Signal;  16-bit  word 
length.  Transmission  is  initiated  by  writing  a  word  to  the  TX 
register  after  the  SPORT  has  been  enabled.  The  data  is  then 
clocked  out  on  every  rising  edge  of  SCLK  after  TFS  goes  low. 


TPS  stays  low  wjffl 
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Figure  22.  AD7568  to  ADSP-2101  Interface 
AD7568-TMS320C25  Interface 

Figure  23  shows  an  interface  circuit  for  the  TMS320C25  digital 
signal  processor.  The  data  on  the  DX  pin  is  clocked  out  of  the 
processor's  Transmit  Shift  Register  by  the  CLKX  signal.  16-bit 
transmit  format  should  be  chosen  by  setting  the  FO  bit  in  the 
STl  register  to  0.  The  transmit  operation  begins  when  data  is 
written  into  the  data  transmit  register  of  the  TMS320C25.  This 
data  will  be  transmitted  when  the  FSX  line  goes  low  while 
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CLKX' lis  hi^SEgoingihi^.  Tte  datSj  stainMg'with  MSB, 
is  thm  ibified  out  W  &eDX  pin  on  the  nans  e^  .ofCL^^ 
When  all  bits  have  been  transmitted,  the  user  can  update  die  '" 
DAC  outputs  by  bringing  the  XF  output  flag  low. 

Mm^ifAcsjr^'  '^'^-  *  '  "^^^^^^^     '  ■ 

If  there  are  only  two  AD7568s  in  a  system,  there  is  a  simple 
way  of  programming  each.  This'^.'shffiwn  in  Figure  24.  If  the 
user  vn^m^Vy.ifitogrmi'imii^Vs^^^ 
then  DB3  of  felleiM  ^it  stEea&i  ^iinMii£HM«i  &jmrfsake- 
spond  to  the  state  of  the  AO  pin  on  that  device.  If  the  user 
wishes  to  program  a  DAC  in  the  second  AD7S68,  then  DBS 
should  be  s£«^fo^I,  t6.(%)ixdspmld  tb  AO  on  &kr'ite«ice. 
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where  the  user  also  wishes  to  read  back  the  DAC  contents  for 
diagnostic  purposes,  the  SDOUT  pin  may  be  used  to  daisy 
chain  several  devices  together  and  provide  the  necessary  serial 
readback.  An  example  with  the  68HC11  is  shown  in  Figure  25. 
The  routine  below  shows  how  four  AD7568s  would  be  pro- 
granmied  in  such  a  system.  Data  is  transmitted  at  the  MOSI  pin 
of  the  68HC11.  It  flows  through  the  input  shift  registers  of  the 
AD7568S  and  fmally  appears  at  the  SDOUT  pin  of  DAC  N.  So, 
the  readback  routine  can  be  invoked  any  time  after  the  first  four 
words  have  been  transmitted  (the  four  input  shift  registers  in 
the  chain  will  now  be  filled  up  and  further  activity  on  the 
CLKIN  pin  will  result  in  data  being  read  back  to  the  microcom- 
puter through  the  MISO  pin).  System  connectivity  can  be  veri- 
fied in  this  manner.  For  a  four-device  system  (32  DACs)  a  two- 
line  to  four-line  decoder  is  necessary. 

Note  that  to  program  the  32  DACs,  35  transmit  operations  are 
needed.  In  the  routine,  three  words  must  be  retransmitted.  The 
first  word  for  DACs  #3,  #2  and  #1  must  be  transmitted  twice 
in  order  to  synchronize  their  arrival  at  the  SDIN  pin  with  AO 
going  low. 

Table  V.  Routine  for  Loading  4  AD7568s  Connected  As  in 
Figure  25 

Bring  PC?  (FSIN)  low  to  allow  writing  to  the  AD7568s. 
Enable  AD7568  #4  (Bring  AO  low).  Disable  the  others. 
Transmit  1st  16-bit  word:  Dau  for  DAC  H,  #4 


Transmit  9th  16-bit  word:  Data  for  DAC  H,  #3 
Transmit  9th  16-bit  word  again:  Data  for  DAC  H,  #3 
Transmit  10th  16-bit  word:  Data  for  DAC  G,  #3 
Transmit  Uth  16-bit  word:  Data  for  DAC  F,  #3 
Enable  AD7S68  #3,  Disable  the  others. 
Transmit  12th  16-bit  word:  Data  for  DAC  E,  #3 


I- 


)\m — in. 


Transmit  17th  16-bit  word:  Data  f<»  DAC  H,  #2 
Transmit  17th  16-bit  .word  again:  Data  for  DAC  H,  #2 
Transmit  18th  16-bif  word:  Data  for  DAC  G,  #2 
Enable  AD7S68  #2,  Diaible  the  others. 
Tnmsm^  IgjUMj^-ttord:  Data  fovOAC  F,  #2 


•ADQtnONAL  PINS  OMITTED  FOR  CLARITY 

Figum     '^ulti-DAC  S)^ 


■i.'il-^'-          -  —  ; 


Transmit  2Sth  word:  Data  for  DAC  H,  #1 
Enable  AD7568  #1,  Disable  the  others. 
Transmit  2Sth  word  again:  Data  for  DAC  H,  #1 
Transmit  26th  word:  Data  for  DAC  G,  #1 


Transmit  32nd  word:  Data  for  DAC  A,  #1 
Bring  PC7  (FSIN)  high  to  disable  writing  to  the  AD7S68s. 


liiStH;  a'- 
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Buffered  Multiplying  DAC 


FEATURES  ;  Z 

On-Chip  Latches  for  Both  DACt 

+  12V  to  +15V  Oparation 

DACs  Matched  to  1% 

Four  Quadrant  Multiplication 

TTL/CMOS  Compatible  from  +  12V  to  +1SV 

Latch  Free  (Protection  Schottlcys  not  Required) 

APPLICATIONS-  - 
Disk  Drives 
Programmable  Filtars 
X-Y  Graphlee 
Gain/Attenuation 


GENERAL  DESCRIPTION 

The  AD7628  is  a  monolithic  dual  8-bit  digital/analog  converter 
featuring  excellent  DAC-to-DAC  matching.  It  is  available  in 
small  0.3"-wide  20-pin  DIPs  and  in  20-terminal  surface  mount 


SQ)irate  on-chip  latches  are  provided  for  each  DAC  to  allow 
easy  micnqirocessor  interfile. 

Data  is  transferred  into  nther  of  fhe'fwo  DAC  data  latches  via  a 
common  8-bit  TTL/CMOS  compatible  input  pon.  Control 
input  DAC  A/1>AC  B  determines  whidi  DAC  u  M  be  kndi^  _ 
The  AD7628*s  Imd  cycle  is  similar  to  the  write  cycle  of  a  random 
access  memory,  and  die  device  is  bus  compatible  irith  most  8- 
trit  microprocessors,  including  6502,  6809,  8085,  Z80. 

The  device  operates  firom  a  +  12V  to  +  ISV  power  supply  and 
is  TTL-compatible  over  ^s  rangc.''I^iwe^  dil^patlon  is  a  low 
20mW. 

Both  DACs  offer  excellent  four  quadrant  multiplication  charac- 
teristics with  aHBl>iyM«j;i«fipfa^,intMt  and  feedback  resistor  for 
each  DAC.  '  •  V 


FUNCTIONAL  BLOCK  DIAGRAM 


♦ 

^  CONTROL 
LOGIC 

t 

LATCH 

PRODUCT  HIGHLIGHTS 

1.  DAC  to  DAC  matching:  since  both  of  the  AD7628  DACs  are 
fabricated  at  the  same  time  on  the  same  chip,  precise  matching 
and  tracking  between  DAC  A  and  DAC  B  is  inherent.The 
AD7628's  matched  CMOS  DACs  make  a  whole  new  range  of 
applications  circuits  possible,  particularly  in  the  audio,  graphics 
and  process  control  areas. 

2.  Small  package  size:  combining  the  inputs  to  the  on-chip 
DAC  latches  into  a  common  data  bus  and  adding  a  DAC  A/ 
DAC  B  select  line  has  allowed  the  AD7628  to  be  psttaged  in 
a  small  20-pin  0.3"  wide  DIP,  2$iS3BKSi3n^of 
PLCC  and  20-terminal  LCC. 

3.  TTL-Compatibility:  AH  digital  inputs  are  TTL-compatible 
over  a  +  12V  to  ^  ISV  power  su^ily  range. 


REV.  A 


DIGITAL-TO-ANALOG  CONVERTERS  2-657 


AD7628-SPECIFICATI0NS  (Vref  A  =  Vkq:  B  =  +1(IV;  our  A  =  OUT  B  =  OV  unless  otharaise  specHiad) 


T,  =  -wen 
+2SX;'  +«s-c 


+  125X:* 


RfniliHiiiH 

8 

« 

Rel«liveAcctincj> 

-   

Dii&rGOUBl  NonlmcariEy 

±1 

iGaiiiQiir 

±2 

±3 

±3 

T1ii»iimEadpiMitLintmO'^ccific«rion 
M  Grade*  OuannocdMonotook  Over 


GiinTaapCTMuitCorfBciaa' 

AGun/ATempefatim 
Output  Leakage  Current 
OUTACKnZ) 
OUTB(|1n20} 

»CV»A.Vu,B) 


±0.0035 

X0.003S 

±200 

±200 

aAma 

±200 

±200 

> 

S 

IS 

,     15  -I 

i  V  .  •  '* 

±1   

IMCLmteLoaiUiiilbOaOOeoOO 


bVBltcliSHiceTC=  -  300ppiB/C,l>piGil 


DIGITAL  DJFUTS' 
Input  High  Voltage 
Vb, 

tinpui  Low  Vofaagc 

Vn. 


DBQ-DB7 

WK,CS,QACA/DAeB 


|2.< 

2.4 

o.» 

0.1 

*• 

'±1 

±10 

'■±10 

ViH-a«rViiD 

10 

i  r  10 

10 

'is  • 

15 

15 

pFOMBt 

SVirdONGG 
SeeTlmiBsDiipVB  T 

tcs 

Chip  Select  lo  Wriie  Hold  Time 
DAC  Select  to  Wriie  Set  Up  Time 

tAS 

DAC  Select  m  Write  Htdd  Time 

tAH 

Dm  Valid  to  Write  Set  Up  Time 
Ids 

Data  Valid  to  Write  Hold  Time 

Write  Pulse  Width 


POWER  SUPPLY 
Idd>K  Grade 
B»TGnk« 


mA 
mA 


SeePigure3 

All  Digitil  lopuit  ViL  or  V|H 
AllDigiIalIlipiIllVii.ocViii 
A>ni|liaitMiOVcrVi>i> 


AC  PERFORMANCE  CHARACTERISTICS 

These  characteristics  pft  jpGludfld,  for  DssiB)  Buidaiice  0^  , 
^  =  +1011  to  +ti7SV.  (Mnuml  Ud«  ReGomnianiM  PX.  Boanl  Iqoit  tf|Hr^%an!l.M>^ 


J.  .J 


WW9  si'jL:-..j;.'.  ' 


T»  -  -<rc 

DC  SUPPLY  KEJECnON 
(AGADVAViad 

DM 

0.02 

W 

m 

m> 

To  mXM.  Out A/6iRBlMd  -  UfdO. 

w=cs=ov. 

DB0-DB7  =  OV  to  Vdd  or  Vdd  »0V 

DIGITAL.TXVANAUXSOLIiai 
IMTULSE 

330 

nVscctyp 

Foe  CodeTfinsitioDOOOOOOOO  to  U  U  U 1 1 

OUTPUT  CAPACTTANCB 

Coin- A 
CoutB 
Cotn-A 
CoutB 

25 
25 
60 
60 

IS 
25 
60 
60 

25 
25 
60 
60 

pFnui 

pf™ 
pFmn 
pFnu 

DACLMcbn  LtMfal  wMlOOBOOOOD 

DAC  Utchet  Loaded  with  11 U  111  1 

ACFEEDTHROUGH 

V|„pAioOUTA 
VrefBioOUTB 

-70 
-70 

-65 
-65 

-65 
-65 

cBmu 

VREFA.VmEpB  =  20  V  p-p  Sine  Wave 
(g  lOkHz 

CHANNKI.  rO-CHANNEL  ISOLATION 
VitvAtoOOTB  -« 

VnipBtoOUTA  -ao 

atrp 
(ffityp 

Both  DAC  Uicbes  Loaded  with  1 11 11 1 11. 

VttEpA  =  20V  p-p  Sine  Wave®  lOkHz 

VhefB  =  0VsceFigure6. 

V|tK.B  =  20V  p-p  Sine  Wave®  lOfcHt 

VupA-OVteelfgiinfi. 

DIGITAL  CROSSTALK 

60 

sVaeeiyp 

Bimiui 

HAMKaacDBToimcm 

-15 

BVBirian;'-40Xio  +8S'C 
T  Venion;  -  55X  lo  +  12SX 

'Specificadon  applies  to  both  DA<^  in  AD7628. 

^Guaranued  by  deaign  but  not  pnidactioa  tettcd . 

'Logic  inputs  are  MOS  Gaiej.  Typical  input  curtcni  { -*-  25°0  is  1 

Spcdrications  subject  to  change  without  notice. 
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ABSOLUTE  MAXIMUM  RATINGS 

(Ta  =  +25*Cunlessotherwiscnoied) 

Vdd  to.AGND,.  V  OV,  +  17V 

VddwDGND   OV,  +17V 

AGNDtoDGND  '.    .    .   Vdd  +  0.3V 

DGND  to  AGND   Vdd  +0.3V 

Digitil  Input  V<ilMge  to  DGND    ....    -0.3V,  Vdd  +  0.3V 

Vp,N2,  VpMM  tof^OnJ   -0.3V,  Vdd  +0.3V 

Vref  A,  Vref  B  to  AGND  ±25V 

Vrfb  A,  Vrfb  B  to  AGND  ±25V 

Power  Dissipation  (Any  Package)  to  +  75°C    .    .    .  450mW 

Derates  above  +75°C  by  6mW/°C 

Operating  Temperature  Range 

Commercial  (K)  Grade*  .• .' .   -40°C  to  +  85°C 

Industrial  (B)  Grades   -40°Cto+85°C 

Extended  (T)  Grades  -55°C  to  +  125°C: 

Storage  Temperature   —  65''Cto  150°C; 

Lead  Temperature  (Soldering,  lOsec;  


CAUTION: 

1.  ESD  sensitiTe  device.  The  digital  control  inputs  are  diode 
protected;  however,  pennanent  damage  may  occur  on 
unconnected  devices  subjected  to  hig^  energy  electrostatic 
fidds.  UmMd'dmoes  must  be  nafei|  in  eont^lictive  foam 
ordmnts.  '  *-  ' 

2.  Do  not  insert  this  device  into  powered  aode^^.^^CBlove  . 
power  before  insertion  or  removal. 


ORDERING  GUIDE 


Model' 

Temperature 
Range 

Relative 
Accuracy 

Gain 
Error 

Package 
Option' 

AD7628KN 
A157628KP 

AD7628KR 
AD7628BQ 
AD7628TQ 

-40°Cto+85'X; 
-40°Cto  +85°C 
-40°Cto  +85°C 
-40°Cto  +85X 
-553;ta*125°C 

£l/2LSB 

±  1/2LSB 
±  1/2LSB 
±1/2LSB 

±2LSB 
±2LSB 
±2LSB 
±2LSB 
+  2LSB 

i-mmi' 

N-20 

P-20A 

R-20 

Q-20 

Q-20 

E-20A 

NOTES 

'Toarte,MII--STp-883,  qanBl»aceSF'ra,add'883Bnpm  . 

Conti^  your  local  sales  dfflce  for  miiitaiy  data  sheet.  '       '  .    Hi  i 

%  -  Ladkas  Coimk  Cbip  Carrier;  N  -  Plastic  DIP;  P  =  Plastic  Leaded  Ch^iiTj^ 

^rrier;  Q  =  Cenlq};  R  -  SOIC.  For  outline  information  see  Package  Information 


TERMINOLOGY 

'Relative  Accntacy;  '< 

Relative;  accuracy  or  endpoint  nonlinearity  is  a  measure  of  the 
maximum  deviation  from  a  straight  line  passing  through  the 
endpoints  of  the  DAC  transfer  function.  It  is  n^surg^^C^ei;,  ^ 
adjusting  few  zero  and  fiiU-scale  and  is  normatt^e^jc^s^.ifl. 
LSBs  or  as  a  percenuge  g£,£ull-s^|  t^lSBig  abr  ' 
Differential  Nonlinearity: 

Differential  nonlinearity  is  the  difference  between  the  measured 
change  and  the  ideal  ILSB  change  between  any  two  adjacent 

CQ^  Ac^P«(3%l#  4i£Ei|^W^.  TO'?lWrjpteM^ifcgft!'»iS,Wff 
the  operating  temperature  range  ensures  nioaoloaicity. 

Gain  Error: 

Gain  error  is  a  measure  of  the  output  error  between  an  ideal 
DAC  and  the  actual  device  output.  It  is  measured  with  all  Is  • 
in  the  DAC  latches  after  offset  error  has  been  ;idjusted  out. 
Gain  error  of  both  DACs  is  adjustable  to^^ajp^pj^gOMqal 
resistance. 

Output  Capacitance: 

Capacitance  from  OUT  A  or  OUT  B  to  AGND. 
Digital-to-Analog  Glitch  Impulse: 

The  amount  of  charge  injected  from  the  digital  inputs  to  the 
analog  output  when  the  inputs  change  state.  This  is  normally 
specified  as  the  area  of  the  glitch  in  either  pA-secs  or  nV-secs 
depending  upon  whether  the  glitch  is  measured  as  a  current  or 
voltage  signal.  Glitch  impulse  is  p^^jss^s'jtl^NJgEF,  A,  Vref  B 
=  AGND. 

-      —  -   m^r — 

Clianne|.4o-Oiami^Iao^rtion:  / 

The  prbporti<mTif  in^ntiigBdrfrom'ane'IMC's  reference  input 
wliicfa  fppeas  x  dte  qwifej  of  the^ptlier         eagaessed  as  a 
ratio  mdB.  '4      (  y  ~"ou 

Digital  Crosstalk: 

The  glitch  energy  transferred  to  the  output  of^ne  converter  due 
to  a  change  in  d^tal  inpttt  code  to  tite  <Mjber  coBKerter.  Specified 
in  nV  r — 


DIP,  SOIC 


PIN  CONFIGURATIONS 
LCCC 


»■■«?  A 


PIXC 


!  AGND 

E 

OUT  A 

E 

RF8  A 

E 

E 

DGND 

E 

DAC  A.DAC  B 

E 

(MSB)  DB7 

E 

DB6 

E 

DBB 

E 

DB4 

E 

AD76Z8 
TOP  VIEW 
(Not  to  Scale] 
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it]  v„ 
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INTERFACaE  iJQKae  INTORMAtlON 
DAC  Selection: 

Both  DAC  latches  share  a  common  8-bit  input  port.  The  control 
iiifnu  DACAIBAC  Brsdects  which  DAGi»ii  acc^  data  frsiot 

the 'ilipifb.poni.;  i.-..-  c>  r    i  •  :  ..:-<: 

ModeSelecfion: 

Inputs  €S  uifl'^^  control  the  operating  modeof  tht  selected 
DAC.  See  Mode  Sdectfou  Table  below.  ^  " 

Write  Mode:   

When  CS  and  WR  are  both  low  the  selected  DAC  is  in  the 
write  mode.  The  input  data  latches  of  the  selected  DAC  are 
transpareiit^#A%^Hitlb|K'Otttfiin  resptaib  to  activity  oh  DBV- 
DB7.  "  - 

Hold  Mode: 

The  selected  DAC  latch'retaihs  the  data  which  was  present  on 
DB0-DB7  just  prior  to  CS  or  WR  assimiing  a  high  state.  Both 
analog  outputs  remain  at  the  values  corresponding  to  the  data  in 


DAC  A/ 
DACB 

CS 

WR 

DAC  A 

DACB 

L 

L 

I. 

WRITE 

HOLD 

H 

L 

L 

HOLD 

WRITE 

X 

H 

X 

HOLD 

HOLD 

X 

H 

HOLD 

HOLD 

L  =  Low  Slate  H^  High  State  X  =  Don't  Care 

Mgde  Selection  Table 
UntlTE  CYCLE  TIMDIG  DIAGRAM 

— tc«  


CHIP  saiCf 


•  ,  b,. 


X 


oh'- 


DATA  IN  (DB0-0B7) 


r. 


□ATA  IN  STABLE 


NOTES: 

1.  ALL  INPUT  SIGNAL  RISE  AND  FALL  TIMES 
MEASURED  FROM  ICo  TO  90%  OF  +5V. 
Voo=  +  lO.flV  TO  +  15  7SV,  Ir  =  1^  =  20ns. 

2.  TIMING  MEASUREMENT  REFERENCE  LEVEL  IS  - 


cntcurr  information  -  d/a  section 

The  AD7628  contains  two  identical  8-bit  multiplying  D/A  con- 
verters, DAC  A  and  DAC  B.  Each  DAC  consists  of  a  highly 
stable  thin  film  R-2R  ladder  and  eight  N-channel  current  steering 
switches.  A  simplified  D/A  circuit  for  DAC  A  is  shown  in  Figure 
1.  An  inyjated  R-2R  ladder  structure  is  used,  that  is,  binary 


weighted  currents  are  switched  between  the  DAC  output  and 
AGND  thus  maintaining  fixed  currents  in  each  ladder  leg  inde- 
pendent of  switch  state. 
EQUIVALENT  CIRCUIT  ANALYSIS 
Figure  2  shows  an  approximate  equivalent  circuit  for  one  of  the 
AD7628's  D/A  converters,  in  this  case  DAC  A.  A  siI^ilar  equivalent 
circuit  can  be  drawn  for  DAC  B.  Note  that  AGNt)  ^iiU)  is  '  . 
common  for  both  DAC  A  and  DAC  B.  '     ;       ,  '  ' 

The  current  source  Ileakage  is  composed  of  surface  and  juncticni 
leakages  and,  as  with  most  semiconductor  devices,  approximately 
doubles  every  IO°C.  The  resistor  Ro  as  shown  in  Figure  2  is  the 
equivalent  output  resistance  of  the  device  which  varies  with 
input  code  (excluding  all  O's  code)  from  0.8R  to  2R.  R  is  typically 
llkn.  CouT  is  the  capacitance  due  to  the  N-channel  fjwifches  : 
and  varies  from  about  SOpF  to  120pF  depending  lipon  tl^.digital 
input.  g(VR£p  A,  N)  is  die  Thevenin  eguiralent.yioltage  g^eia^ 
due  to  the  reference  input  voltage  VRE^-A^^/^^e  tij;^!^^^,-  -  V 
function  of  the  R-2R  ladder. 

For  further  infcirmation  on  CMOS  multiplying  D/A  converters 
a&x  to  "CMOS  DAG  Anilicatitm  Ouide,  Z'^xEdidon'^  a«alaUe 
fittD'Analog  Devices,  Pablicatiotl  I«Hriiioeaniii!a5->4^ 


I  WV — «        «        »  OOtJT  A 

I  •   i  OMHD 


\  Figure  2.  Equivalent  Anatag  Output  Circuit  of  DAC  A 


CIRCUIT  INFORMATION  -  DIGfFAK.  SECTION 

The  input  buffers  are  simple  CMOS  level-!dlv>ftecs  designed  such 
that  when  the  AD7628  is  operated  with  Vdd  bom  10.8V  to  ^ 
15.75V>  rfie  buffer  conv^ jTTL  input  levels  (2,4V  and  0.8V) 
into  CM@S  logic  levds.  IB^hen  ViK  is  in  the  region  of  1.0  volt  to ; 
2.0  volts  the  input  buffers  operate  in  their  linear  region  and 
pass  a  quiescent  current,  see  Figure  3.  To  minimize  power 
supply -coR^ts-it  is  recommended  that  the  dig^  input  voltages 
be  aj  Ik^go  BS^^iis  k  paiSlisa^f 

posable. 

The  AD7£^may  be  operated  with  any  supply  voltage  in  the 
:  I0.8£VddSIS.7S  volts. 


Ta  =  +25°C 

ALL  DIGITAL  INPUTS 

— 

-j 

=9 

Figitn  1.  Stmf^msi  fiM^himl&imiH  tor  OACJt 


1       2      3      4      5      6       7      8      9      10     11     12     13     14  IS 
Vim  -  VOLTS 

Figure  3.  Typical  Plot  of  Supply  Currant, -Iod  vs.  Lxtgic 
Input  Voltage  Vm  forVoo  =  +  1SV. 
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Applying  The  AD7628 


Figure  4.  Dual  OAC  Unipolar  Binary  Operation  (2  Quadrant 
Multiplication).  See  Table  I.    i.  "        ■  r.  i 
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NOTES: 

■R1.  tt2  AND  Rl.  M  USEO  ONLV  IF  OAIN  ADJUSTMENT  IS  REQUIRED. 
SEE  TABLE  S  KM  KECOMMENDED  VALUES. 

AOJtMt  m  FOR  VaurA  -  W  IMTH  CODE  10000006  IN  DAC  A  LATCH. 
ADJUST  RS  FOR  Vaur  B  -  OV  WITH  CODE  10000000  IN  OAC  B  LATCH. 
■MATCHMQ  AM)  nuCXMQ  IB  E88ENTIAL  FOR  RESMTOR  FAMS  Ri.  R7 
AND  RS.  RIO. 

^1.  a  FHASE  COMFMATKM  (10pF-lfpF|  MAY  BY  REOIMIB)  A1/Aa 
IS  A  MCW4FEH>  AMFUHBl 


Figure  5.  Dual  DAC  Bipolar  Operation  (4  Quadrant 
Multiplication).  See  Table  11. 


DACLMckCoDtcnts 
MSB  LSB 

Analog  Ouq>llt 
(DACAoiDACB) 

1  1  I  1  1  1  1  1 

1000000  1 

Mm] 

10000000 

MmY-f 

0  1111111 

Mm) 

0000000  1 

-^'"(256) 

00000000 

-^^(256)=° 

DAC  Latch  Content* 
MSB  LSB 

Analog  Output 
(DAC  A  or  DAC  B)  . 

1 1  i  1 1 11 1 

Mm) 

1000000  1 

10000000 

0 

0  1111111 
0000000  1 
00000000 

"■^^(11) 

-V.N(|i) 

Nov:  ILSB  -  (2'*XVin)  = 


Table  I.  Unipolar  Binary  Code  Table 


Nolt:  ILSB  -  (2  'XV„)  =  J5(Vm) 

Table  II.  Bipolar  (Offset  Binary)  Code  Table 


Trim 

Beililn 

R1;R3 

soo 

R2;R4 

150 

rjfii^  ljgy  ^mcq/t^^ifded  Trim  ReeHoor  Values 


%D7628 


APPLICATIONS  INF( 
Application  Hints 

To  ensure  system  performance  consistent  with  AD7628  specifi- 
cations, careful  attention  must  be  given  to  the  following  points: 

1.  GENERAL  GROUND  MANAGEMENT:  AC  or  transient 
voltages  between  the  AD7628  AGND  and  DGND  can  cause 
noise  injection  into  the  analog  output.  The  simplest  method 
of  ensuring  that  voltages  at  AGND  and  DGND  are  equal  is 
to  tie  AGND  and  DGND  together  at  the  AD7628.  In  more 
complex  systems  where  the  AGND-DGND  intertie  is  on  the 
back-plane,  it  is  recommended  that  diodes  be  connected  in 
inverse  parallel  between  the  AD7628  AGND  and  DGND 
pins  (1N914  or  equivalent). 

2.  OUTPUT  AMPLIFIER  OFFSET:  CMOS  DACs  exhibit  a 
code-dependent  output  resistance  which  in  turn  causes  a 
code-dependent  amplifier  noise  gain.  The  effect  is  a  code-de- 
pendent differential  nonlinearity  term  at  the  amplifier  output 
which  depends  on  Vqs  (Vos  is  amplifier  input  offset  voltage). 
This  differential  nonlinearity  term  adds  to  the  R/2R  differential 
nonlinearity.  To  maintain  monotonic  operation,  it  is  recom- 
mended that  amplifier  Vqs  ^     greater  than  10%  of  ILSB 
over  the  temperatiu:e  range  of  interest.  I 

3.  HIGH  FREQUENCY  CONSIDERATIONS:  The  ori^ 
capacitance  of  a  CMOS  DAC  works  in  conjimction  with  the 
amplifier  feedback  resistance  to  add  a  pole  to  the  open  loop 
response.  This  can  cause  ringing  or  oscillation.  Stability  can ' 
be  restored  by  adding  a  phase  compensiition  (a^adtor  in 
parallel  with  the  feedback  resistor.  *     '  V 

DYNAMIC  PERFORMANCE  ' 

The  djnianiic  perfoimance  of  the  two  DACs  in  the  AD7628  will 
depend  upon  the  gain  and  phase  characteristics  of  the  output 
amplifiers  together  with  the  optimum  choice  of  the  PC  board 
layout  and  decoupling  components.  Figure  6  shows  the  relationship 
between  input  frequency  and  channel  to  channel  isolation.  Figure 


7  shows  a  printed  circuit  layout  for  the  AD7628  and  the  AD644 
dual  op-amp  which  minimizes  feedthrough  and  crosstalk.  , 

SINGLE  SUPPLY  APPLICATIONS  

The  AD7628  DAC  R-2R  ladder  termitutitHiiSMilonaiejBailBected 
to  AGND  within  the  device.  This  arrangejgaeiK  Is  partteoluly 
convenient  for  single  supply  operation  because  AGND  may  be 
biased  at  any  voltage  between  DGND  and  Vdd-  Figure  8  shows 
a  circuit  which  provides  two    5V  to  -I-  8V  analog  outputs  by 
biasing  AGND  +  5V  up  from  DGND.  The  two  DAC  reference 
inputs  are  tied  together  and  a  reference  input  voltage  is  obtained 
without  a  buffer  amplifier  by  making  use  of  the  constant  and 
matched  impedances  of  the  DAC  A  and  DAC  B  reference  inputs. 
Current  flows  through  the  two  DAC  R-2R  ladders  into  Rl  and 
Rl  is  adjusted  until  the  Vref  A  and  Vref  B  inputs  are  at  -I-  2V. 
The  two  analog  output  voltages  rax^tmnJi^^  +8V  for 
DAC  codes  00000000  to  lllllUW -J ' 

^  ^  .  V 


Figure  ft  AD7628  Single  Supply  Operation 

Yvgace  9  shows  DAC  A  of  the  AD7628  connected  in  a  positive 
reference,  voltage  switrhing  nMXie.  JEM*  Itanfigiuation  is  useful 
in  that  Vqut  is  the  same  pepriff  aiTm  illliniiiia  iiiiiflli  iiii|i|ilji 
operation.  However,  to  retdh  specified  tilfei^,  must  be  in 
the  range  0  to  -I-2.SV  and  the  output  tmfiBat^  or  loaded  wi&  a 
high  impedance,  see  Figure  10.  Note  that  die  (Upat  V<4niRe  is 
connected  to  the  DAC  OUT  A  and  the  output  vdhagie  ^  takoi 
^^^DACVRBF^Im. 


INPUT  FREQUENCV  - 


Figure  6.  Channel-to-Channel  Isolation 

8  OF  Tos  «flt<iistt|l '  0  0  ' 


aD7S2S  PIN  1 


Figure  B.  AD7628  Single  Supply,  Voltage  Switching  Mode 


C2  LOCATKM' 
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Figure  7.  ^igggalml  fi.C.  SMrcf  i«|ta^ftM^<^^^  F^re  tOr  Typical  AD7628  Performance  In  Single  Supply 
AD644  Ckml  Of^Amp  S»fta*jV»^lifo* 


REV.  A 


MICROPROCESSOR  INTERFACE 


ADDRESS  BUS 


ADDRESS 
DECODE 
LOGIC 


A" 

i[I>C>- 

DAG  A/DAC  B 

CS         1  DAC  A^ 

AD7628* 
W„   ^ 

DAC  B  y 
nan       \  / 

ADDRESS  BUS 


ADDRESS 
DECODE 
LOGIC 


J5 


5^ 


>-•  »U  DAC  A  DAC  B 


A07628" 
DAC  B 


AODRfDATA  BUS 


f/ffura  AD7628  Dual  IMC  to  6800  CPU  tnorface 
mOGBAMMiWLE  WINOOW  COMPARAT(»t 


■ANALOG  aRCUITRY  HAS  BEEN  OMITTED  FOR  CLARITY. 
-  ••A  =  DECObEO  7628  ADDR  DAC  A  ; 
A  +  1  =  DECODED  762S  ADDR  DAC  B 

NOTE: 

8085  INSTRUCTION  SHLD  (STORE  H  &  L  DtRECT)  CAN  UPDATE 
BOTH  DACS  WITH  DATA  FROM  H  AND  L  REGISTERS 

Fi&IJrp  12.  AP7§^  Dual  DAC  to  8085  CPU  Interface 

&  ,  *(T  f—  

),  o-  


In  the  circuit  of  Figure  13  the  AD7628  is  used  to  implement  a  ' 
programmable  window  comparator.  DACS  A  and  B  are  loaded 
with  the  required  upper  and  lower  voltage  limits  for  the  test, 
respectively.  If  the  test  input  is  not  within  the  programmed 
limits,  the  pass/fail  output  will  indicate  a  fail  (logic  zero). 


Figure  13.  Digitally  Programmable  Window  Comparator 
(Upper  and  Lower  Limit  Detector) 

PROGRAMMABLE  STATE  VARIABLE  FILTER 

RS  30t( 


CIRCUIT  EQUATIONS 

Ci  =  Ci,.  Ri  =  R2,  R4  =  Rs 


Q  = 


I 


2ir  Ri 
R4 


Ao  =  - 


C, 
Rf 

RpBBl 

Rs 


is     WR  DAC  A/DAC  B  DATA  2  CS      WR    DAC  A/DAC  B 

Figure  14.  Digitally  Controlled  State  Variable  Filter 
In  this  state  variable  or  universal  filter  configuration  (Figure  14) 
DACs  Al  and  Bl  control  the  gain  and  Q  of  the  filter  characteristic 
while  DACs  A2  and  B2  oobtnd  the  cut-off  fiequency,  fc.  DACs 
A2  and  B2  must  track  accurately  for  the  simple  expression  for 
fc  to  hold.  This  is  readily  accomplished  by  the  AD7628.  Op 
amps  are  2  X  AD644.  C3  compensates  for  the  effects  of  op  amp 
gain-bmdMM  MlMtions. 


Note: 

DAC  equivalent  resistance  equals 
256  X  (DAC  Ladder  resistance) 
DAC  Digital  Code 

The  filter  provides  low  pass,  high  pass  and  band  pass  outputs 
of  filfnp  jMESBiifiBts  ii  -tf|j|i'fift?dt 


Programmable  range  for  componeiK  mdto  ^OMt  is  fc  =  0 1 
ISkHz  and  Q  =  0.3  to  4.S. 


u<«|iAU.x  CUNlKUUJip  DUAL 
TELEPHONE  ATHENUATOR 

In  thu  configiiraiion  the  AD7628tuiicti(nis  as  a  2-channel  digitally 
controlled  atttnuator.  Ideal  for  steteo  audie^nd  telephone  signal 
level  control  applications.  Table  IV  gives  input  codes  vs.  attenu- 
ation for  a  0  to  1S.S($B  rahge. 

Input  q«te.256x:10  acp      Attenuyn,  dB 


IMCl^CodB 

Code In 
Decimal 

Atia.dB 

DAClBiMtCode 

Codlln 
DcdMl 

-  -0 

1  1  1  I  1  1  t  1 

255 

8.0 

01100110 

102 

o.s 

1  1  1  1  0  0  I  0 

242 

8.5 

01100000 

9& 

i.O 

11100100 

228 

9.0 

0  10  110  11 

91 

'  1.5 

I  1  0  1  0  1  1  1 

215 

9.5 

0  10  10  110 

86 

.  2.0 

110  0  10  11 

203 

10.0 

0  10  10  0  0  1 

81 

2.S 

1  1000000 

192 

10.5 

0  10  0  1  10  0 

76 

3.0 

101  10101 

181 

11.0 

0  10  0  10  0  0 

72 

3.5 

10  10  10  1  1 

171 

1 1.5 

0  10  0  0  1  0  0 

68 

4.0 

10  10  0  0  10 

162 

12.0 

0  1  0  0  0  0  0  0 

64 

4,5 

1  0  0  1  1  0  0  0 

152 

12.5 

0  0  1  11  10  1 

61 

5.0 

1  0  0  1  0  0  0  0 

144 

13.0 

0  0  1110  0  1 

57 

S.5 

10  0  0  1  0  0  0 

136 

13.5 

0  0  110  110 

54 

6.0 

1  0  0  0  0  0  0  0 

128 

14.0 

0  0  1  1  0  0  1  1 

51 

6.5 

0  111)001 

121 

14.5 

0  0  1  1  0  0  0  0 

48 

7J0 

0  1  I  1  0  0  1  (K 

114 

15J» 

0  0  1  0  1  1  1, 0 

7.5 

0  110  110  0 

108 

19.5 

ijF  0  1  0  10  11 

Table  IV.  Attenuation  vs.  DAC  A,  DAC  B  Code  for  tM 
Circuit  of  Figure  IS  ~ 


Figim  tS.]  DfgtMty  Controllied  Dual  Telephone  Attenuator 


2-664  DIGITAL-TO-ANALOG  CONVERTERS 


RE  V.  A 


ANALOG 
DEVICES 


Dual  8-Bit 
Multiplying  CMOS  D/AvConverter 


PM-7628 


I  ,1,  It!-. 


FEATURES 

•  On-Chip  Latches  for  Both  OACs 

•  +5V  to  +1 5V  Single  Supply  Operation 

•  DACs  Matched  to  1%  ; 

•  Four-Quadrant  Multiplication 

•  TTL/CMOS  Compatible  from  -i-SV  To  +1i 

•  8-Bit  Endpoint  Linearity  (±1/2  LSB) 

•  Full  Temperature  Operation 

•  Low  Power  Consumption 

•  Microprocessor  Compatible  (60ns  Write  Time) 

•  Improved  ESD  and  Latch-Up  Resistance 

•  Automatically  Insertable  CerDIP  and  Plastic  Packages 

•  Available  in  Surface  Mount  SO,  PLCC,  and  LCC  Packages 

•  Improved  A07628 

•  Available  in  Die  Form 

APPLICATIONS 

•  Disk  Drives 

•  Digital  Gain/Attenuation  Control 

•  Digitally-Controlled  Filter  Parameters 

•  Digitally-Controlled  Audio  Circuits 

•  X-Y  Graphics 

•  Digital/Synchro  Conversion 

•  Robotics 

•  Ideal  for  Battery-Operated  Equipment 


ORDERING  INFORMATION 


PACKAGE:  20-Pin  DIP 

EXTENDED 
INDUSTRIAL 
TEMPERATURE 
-40'CTO+85X 

RELATIVE 
ACCURACY 

GAIN 
ERROR 

MIUTARY* 
TEMPERATURE 

-S5°CT0+12S°C 

±1/2LSB 

±2LSB 

PM7628AR 

PM7628ER 

f  "  ±1/2LSB 

±2LSB 
*2LSB 
<2LSB  - 

PM7626AnC«» 

PM7e28FP 
PM-7B2BFPC*' 

For  devices  processed  in  total  cbmpiiance  to  MlL-STD-883.  add /883 after  part 

number.  Consuit  factory  for  883  data  stieet.  _ 

Burn-in  is  available  on  commerciai  and  industrial  tempffi:fltijFe  iiing:e  fiaf^^ 

CerDiP,  plastic  DIP,  and  TO-can  packages. 

For  availability  and  burn-in  information  on  80  and  PLCC  packages,  contact 
your  local  sales  office.  .   ...  


GENERAL  DESCRIPTION 

The  PM-7628  is  an  improved  version  of  the  AD7628  offering 
TIL  compatibility  from  +5  to  +1 5  volt$  and  faster  AC  timing.  It 
contains  two  8-bit  multiplying  CMOS  digltal-to-analog  convert- 
«FS-that-are  fabricated  tna  single  Ghip,' This  fflonolithioconstruc- 
tien  offers  excellent  DAC-to-DAC  matching  and  tracking  over 
temperature. 

The  PM-7628  consists  of  two  thin-film  R-2R  resistor-ladder  net- 
works, two  tracking  span  resistors,  tw»«MlR  Whi^Millpiit 
buffer,  and  control  logic  circuitry. 

The  PM-7628's  digital  inputs  are  bus  compatible  with  most  8-bit 
microprocessors,  including  the  6800,  8080,  8085,  and  Z80. 
Oma  loading  At         t«  that  of  a  RAM's  writs  cycle.  Digital 


input  4ata  is  directed  into  one  of  the  p AC dgija  latches  deter- 
nfiine#^)c>the  DAC  selecttori  control  lineiil^!«^/i3AC  B. 

'dpeFatingfromasln§le+5Vto  +lSVpowei^8^ply,  the  PM-7628 
dft^ates  only  12mW  of  power  in  a  spaoe  'saving  20-pin  0.3" 
DIP,  and  20-terminai  surface  motint'packagC6L  The  PM-7628 
fei^Ns^i^ircuitFy  designed  to  protect  against  d«Rnag&lrom  e^ec- 

irdsiatte  diseliaTges.  -.  roiaisV  g=.  ,Q°  ;^ 

 aiDteTSfji  i-     r-  ^ 

CROSS  RlEFeRENCE 


...  TFMRERA.TURE 

PMI 

ADI 

PM7628AR 

PM76eSAflC/BB3  - 

.AD7e2BTa 
AD7628TE 

"  PM7628ER 

AD7628BQ 

PM762eFP 

AD7628KN         -  . 

PM7628FPC 

AD762BKP 

f    ,  :;C0M';,  ,:- 

PIN  CONNECTIONS 

AQND  [T 
OUT  A  [T 

Vref»  Q 

io]  OUTB 

m  v„efb 

OGND  [T 
DACA/DAC  B  [T 

ia]  WR 
5]  cs 

14]  DBg  (LSB) 
u]  DBi 
HI  DBj 

(MSB)  DB,  [T 
DB.d 
DB,[I 

BB4E 

Si  OBs  I' 

20-PIN  EPOXYDIP 
(P-Suffix) 

20-PIN  HERMETIC  DIP 
(R-Suffix) 

20-PIN  SOL 


PLCC  PACKAGE. 
(PC-SuftlX) 

LCC PACKAGE 
(RC-Siiffbc) 


DGND  T]  Qi  Vm 

DACA/DAC  B  T]  WR 

(MSB}DB7  U  Qi  CS 

DBe  a]  Of  OBofLSB) 

i-iiii  - 


FUNCTIONAL  DIAGRAM 


LATCH  DAC  A 


p    LATCH         \      DACB  \ 


mm:  A 


(T^  = +25°C,  unless  btfWBSfflPiaj         ~"  ^  '  ' 

Vpjjto  AGND  OV,  +17V 

Vp^to  DGND  0Vto+17V 

AGND  to  DGND   OV,  V    +  0.3V 

Digital  Input  Voltage-to'DGND   .-...'-e.SV,  Vji^  +  O.av 

VpiN2'  VpiN2o  '0  A^f#M;f?.*!!K..O...^'..::!^?r..?.-:^a.^?f:^c£te 

J^p44^fl^pBito,ABNO'jf!.,i(,i  i.,!.'.+.y^.i.y.f.„T.i>Tk<-i<«*?|y 

N^B-AaV^p-gBtoAGND  !....,';w.c;...,(vr..s».-.:.5.*a^ 

Operating  Temperature  Ranger  sjahuc  Isnl  ^  '  '0 

AR,  ARC  Versions  ^..q^.-e-^-^.^a'^.  -SS'C  to  +125te 

ER,  FP,  FPC,  FS  Versions   aa.  -40°G  to  +85°C 

Junction  Temperature   +150°C 

Storage  Temperature  -65°Cto  +150°C 

Lead  Temperature  (Soldering,  60  sec)   +300°C: 


PACKAGE  TYPE 

e,,(Notei) 

UNITS 

20-Pin  H»mietic  DIP  (R) 

80 

15 

°C/W 

-  20-Pin  Plasttc  DIP  (P) 

74-        _  - 

■  32—7 , 

 ■  juv 

-  'CM 

r^rV-*  

■  27  ,7,.„ 

■20-COWSCt  LCC  (Rq 

,89   

20-Cori(act''PLCC  (PC) 

36   •  -•i^'D-- 

v,-.,°C/W 

NOTE: 

1.  0.^  is  specified  for  worst  case  mounting  conditions,  i.e.,       is  specified  for 
device  in  socket  for  CerDIP,  P-DIP,  and  LCC  packages;      is  specified  for 


B  than  @N0  potential  on  any  t6^- 


CAUTION:  

1 .  Do  not  apply  voltages  higher  than  Vqq  or  h 
minal  except  V^gp 

-J2-„IlsaJBglIal  Jfflmi^j0PUULK&^  hovyeyer,  perrpanent  damag- 

may  occur  on  unprotected  units  from  high-energy  electrostatic  fields.  Keep 
units  in  conductive  foam  at  all  times  until  ready  for  use. 

3.  Do  not  insert  this  device  into  powered  sockets;  remove  power  before  Insertion 
or  removal.  ,       i  ■ 

4.  Use  proper  antistatic  handling  procedures. 

5.  Stre«tes  fUaove  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
pffl^manent  dam£(ge  to  the  device'. 

v2  * 


iiC). 


p— tte't^e»'aQi<tored^4o-pi4n(ed^  for  PLCC  packages: 


ELECTRICAtcl^Afe^  at  V^.^  =  +5V  ±  5%;  Vp^^A  =  V^^pB  =  +10V;  Iq^j^A  =  I^^^B  =  OV;     =  Full  Temperature 

Range  specified  yind^r  Absolute  Maximum  Ratings,  unless  otf^erwise  noted 


1  »ftRAMEI3|,3  4,rjq^ 

SYMBOL 

CONDITIONS 

MIN 

PM-7628 
TYP 

MAX 

UNITS 

1  STATICAcJj®!l^* 

■iC  .-■ 

'  (Note1) 

1  Resolution 

8 

Bits 

Relative  AocuSsii^'^^'i-_j  ^, 
(Notea)  -  m 

±1/2 

LSB 

Differential  NonlMltM%  b 
(Notes)  li: 

aCA'   

 r-        ir''i  WS  —  

-  

LSB 

 —  fit 

Full-Scale  QaW  Bnof  .litf"^  '  / 

(Note  4)   ■  ■""r" 

TSU  

T^  =  Full  Temp.  Range 

iietl  .ifJ!        LtW.CM-C  1  JIM 

±0.5 
±1.0  ' 

"±2 
'±3 

USB 

■  -1     .J     L!    tl  t.  

ijQain  T^mpsratuts.Coaffldenl 

(A  Gain  /  A  Tenrperatlire) 
(Notes  4, 10) 

■  TCG„~  ~' 

liitAi     -It'  .  • 

±0.007 

%/°C 

'  Output  tealtage  Current-  — 
louT*  (Pln2)louTB(Pln20) 
(Note  5) 

'lkg 

Tj  =  f  25"'C 

T^  =  Full  Temp.  Range 

±5 

±50 
±200 

nA 

Input  Resistance 

(v„efA,v„efB) 

(Note  6) 

"in 

.  '-rflo  SS5;0A       to  noi::- 
:'  j:/vir6' ,y-.  j'^r'^  ■•<^n 

— ■rit'Jiii'ii.yjiiirftl'oncffi  jiriT  .gj- 

;  -'  -4 

r'.i  '.If;  :• 
...r:  (i.T- 

...iT 

~iici 

Input  Resistance  Matcti 
:  (V„EpAW„,pB) 

R|N 

rri^r,^-'  Put.  onir'nU'' 

"  '  ±i 

^  -8K 

■:.!'BiCi  .sioya  efnw  z'Ufiff  s  u  if.:i.'  isiii.itv 


ELECTRICAL  CHARACTERISTICS:  at  V^^  =  +5V  ±  5%;  V^^.A  =  V„,pB  =  +10V;  I^^^A  =  Iq^j^B  =  OV;    =  Full  Temperature  Range 

specified  under  Absolute  Maximum  Ratings,  unless  otherwise  noted.  Con(/nued  .  . 


SYMBOL 


CONDITIONS 


PM-762B 

^,  lyp  MAX 


UNITS 


DIGITAL  INPU1S 

(Note  9) 


Digital  Input  High 
(Note  6) 


Digital  Input  Low 
(Notes) 


<Ct  til: 

H>.e-     —  V 


Input  Current 
(Note  7) 


T^-tSS-C  _ 
=  Full  Temp.  Range 


±.0Ot  .±1 

"  ±10 

— s  '-^ 


Input  Capacitance 

(Note  10) 


DB0-DB7 

WR,  CS.DACA/DACB 


J(*EiftOJ  ?sf*3f?  '  JAG 


JO 
IS 


('  r  «1 . 


PF 


SWITCHING  CHARACTERISITCS 

''{Notes  10, 11)  > 


•oru>!kiav>3 1< 


Chip  Select  to 
Write  Set-Up  Time 


Write  Hold  Time  ^"  -  -  , 

DAG  Select  to       ,  i_  .  _  ■  =-      ,  T^ 

Write  Set-Up  Time"  W  «       j  ■  . ,  100  -  -  ns 


DAC  Select  to 
Write  Hold  Time  - 

,  «AH 

c 

'H j:'      ■      ■   ^Afr  ■ 

10 

ns 

Valid  to   

10»- 

lennc 

Write  Set-Up  Time 

tos 

■  1'  '  '1 

DataVaTidto 
Write  Hold  Time 

\h 

■iH»r>'    >  ^5  o-zftyie^ 

10 

.•..'iJ 

'-  '  VII.".  - — 
ns 

j«/^e  Pulse  Widtli  ^ 

I>"'WR 

90 

.1^ 

Supply  Current 

ae- 

All  Digital  Input  =  V|„„  or  v,^L 

■  I'll  _ 

1  nooi  *:.:«o--B« 

AIIDIgital  Input  .OVorV^Q 

T^  -  +2S"C 

1.0 

-  Full  Temp.  Range 

ELECTRICAL  CHARACTERISTICS:  at  V^^  =  +5V  +  5%;  V^^^A  =  V^^^B  =  +10V;  I^^^A 
specified  under  Absolute  Maximum  Ratings,  unless  otherwise  noted.  Continued 

=  OV;  \  =  Full 

1  Temperature  Range 

PARAMETER 

SYMBOL 

COMDfnONS  - 

MM 

MAX 

Hire 

AC  PEnromiHNiit  characteristic 

(N9te  12) 

Hit 

DC  Supply  RejacSon  Ratio 
(Note  13) 

pBm. 

T^.+2S°C 

T)^•'WiM^^^tll»9*  -  -- 

- 

0.02 

 8*  

Current  SMIkig  TIM* 

ynvwo  lu,  \o,  id,  cu^ 

«s 

Tj^  -  FuH  Temp.  Range 

300 

ne 

Digital  Charge  Injection 
(Note  17) 

Q 

Tj^.+as"C 

- 

 TT*  

100  

nVs 

Output  Capadtanctt 

•'out* 
Cqut^ 

DACLatchea  Loaded 

Willi  UUWI  uuwu 

- 

'- 

25 
25 

''OUT* 

DACLatchea  Loaded 

wlth1lll  lilt 

80    (f/  .0'  . 

^Faedthrough 

.  +25°C 

-  Full  Temp.  Range 

- 

- 

-70 

dB 

(NOM48) 

\--f25»C 

•  Full  Temp.  Range 

- 

-70  - 
-85 

Ctiannel-to-Channel 

ccIb* 

VREfA'olourB: 

VpigpA  =  20Vp  p  Sinawave  @  f .  10kHz 
VrefB  =  0V;T^..^25"C 

«■ 

—  A7l)T  tAj' 

ii 

A" 

ae 

Isolation 
(Note  19) 

VrefBioIoutA; 

V^g^  -                    9  f  - 1 0kHz 
V„£pA-0V;T;j-+2S°C 

- 

-SO 

smiT  qi,  t  ■■ 

-  rl'. 

Digital  Cmsstak 

o 

ForCodeTranaMontanaaeOOOOOtallll  1111 

Ta  =  *25"C 

Harmonic  OiBkirlian  i 

-TUP 

V|„  =  6Vrms@f-1l<Hz 

TJ^-*^s« 

dB 

,., 

or 

1  y  ■ 

ftEV.iA 


lELECTRICAL  CHARACTERISTICS:  at  \a  =  and  +1 5.75V;  VREpftSITWV^IglS^AW^IlMWS^T^  =sftfl 
Temperature specified undwiWiSolMt&MaislOBwn BaMofl8< wrij«i»flthan><i8eiBgtwk»z'  .- nr-FPit-  'ni 


AMMETER        AM  ■tWHBOl 

.  ma 

OONDRHM 

MM 

PM-7628 

MAX  H 

UBB 

STATIC  ACCURACV 

(Nola1) 

8orie«3i3i*jM.H:  ; 

" ' 

■  '1 

ResoUlen  « 

..OS 

8 

Bits 

MOiMAcaimil 
(NolB2) 

±1/2 

LSB  1 

DHfefamiGil  NonOneplI^' 
(Nots^  «*■ — 

- 

- 

.,.-.T  . 

±1 

H 

"lsb 

'pull  Scale  Gain  Error 
(Note4)  fSE 

T^  =  .25-C 

T^  =  Full  Temp.  Range 

- 

±0.5 

±3 

-■Jj 

LSB 

Gain  Temperature  Goeftlclent 
(A  Gain /A  Temperature)  ^C'^'fs 
(Notes  4, 10) 

- 

_ 

±0.0035 

%/°C 

Output  Leakage  Current 

,  louT*  (Pin2)louTB  (Wn20)  .  Ilkq 
(Note  5) 

T^.+ZS'-O 

T^  .  Full  Temp,  nange 

-—  - 

- 

±5 

+50 
±200 

V 

Input  Rsststsncfi 
(Note  6) 

—  ,8 

V  i' 

kn 

Input  Resistancs  Match  AR 

- 

±0.1 

*1 

% 

  ^.s^   ^—^  

DIGITAL  iNPirm   " 

(Note  9) 

^ '  ■    '  y 

Digital  Input  High      -  „ 
(Noted)  ,  — jsm  

2.4 

V 

LA 

(Note  8)  "Nl- 



0.8 

V 

Input  Current  SttO 
(Note  7)  IN 

- 

T^  =  .25-C 

T^  =  Full  Temp.  Range 

<:-t6fl  qnie'  llui  - 

_ 

±1  ' 
±10 

HA 

Input  Capacitance 
(Note  10)  IX 

DB0-DB7 

wacs.iWij>imfiiCB 

10 
IS 

PF 

a 
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ELECTRICAL  CHARACTERISTICS:  at  =  +10.8V  and  +15.75V;  V^^pA  =  V^^fB  =  +10V;  I^^^^A  =  l^^^^B  =  OV;  \  =  Full 
Temperature  Range  specified  under  AbsoHngiMgdwiiwi'R^iigSj  untatai  SttwiwiM'itotBdr  Ciontfnoed  ^'  --^t-i 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

PM-7628 
TYP 

MAX 

UMTS 

SWrrCHING  CHARACTEMSITCS 

(Notes  10, 11) 

-r 

XSHp  Select  to 
Write  Set-up  Titne 

\$ 

60 

ns 

Chip  Select  to 
Writs  Hold  Time 

10 

ns 

OAC  Select  to 
^  Write  Set-Up  Time 

-  .  T 

   oy.^T  .^.T;:.-.  "r  

- 

_ 

ris 

DAC  Select  to 
-  Write  Hold  Time  a,^- 

%m 

10 

ns 

Data  Valid  to 

Write  Set-Up  Time 

 %8— 

70 

ns 

 St  

Data  Valid  to  „ 

itOSr 

WriltjlMTrme 

— fee  -"=^  

 7.  

10 

- 

ns 

Write  Pulse  WIdtti 

■  M  

60 

.■.,.-VC.-  :,ff--f 

ris 

POWER  SUPPLV 

A'' 

Supply  Current 

1  ot 

All  Digital  Input  =  V|^„  or  Vijji^ 
7^  -  +2S°C 

7^  »  Full  Temp.  Range 

2 
2.5 

mA 

'bp 

All  Oigital  Input  =  OV  or +5V  to  Vqo 
T^  -  +25"'C  - 
T^  «  Full  Temp.  Range 

-.as 
t.o 

AC  PERFORMANCE  CHARACTERISTIC 

(Note  12)                                                                                                                                          .  . ;  . 

DC  Supply  Rejection  Ratio 

(AGain/JiVp^) 
(Note  13) 

T;^.*a5-C 

T^  •  Full  Temp.  Range 

—AM 

Iht.'. 

%nt 

Current  Settling  Time 
(Notes  10, 15, 16,20) 

«s 

T^  =  Full  Temp.  Range 

200 

ns 

Digital  Charge  Injection 
(Note  17) 

Q 

\-+25X 

160 

nVs 

Output  Cefadtance 

CouT* 

DAC  Latches  Loaded 
with  0000  0000 

25 
25 

''OUT* 
CquT^ 

DAC  Latches  Loaded 
withlin  1111 

60 
60 

PF 

2^870  moiTm-^miAimxHscmvEiiTEm 


REV.  A 


»DD  ~  Tiw.w-  'f^^f  -   'REF~        '  '  -our. 

Temperature  Range  specified  under  Absolute  Maximum  Ratings,  unless  otherwise  noted.  Continued 


PARAMEIER 

SYMBOL 

CONDITIONS                          '"'^  ■ 

PM-7628 

MM           TYP  MAX 

UMTS 

AC  Feedthrough 

-70 
-65 

dB 

(Not8l8)         ,     ;  „- 

VhefB»IoutB: 
.  +Z5°C 

=  Full  Temp.  Parage 

-70 

-  -65 

Channel-to-ChanMl 

VrefA'o'outB: 

V„gpA  =  20Vp  pSinewave  @f*10llHz 
V„,,B  =  0V;T^>.25-C 

-80 

-  K 

dB 

llinl;iNan 

(Note  19} 

— .  

Vref^'o'out*: 

V„^pB.20V  pSlnewave@f  =  10kHz 
VREF*-0V;f^  =  *25"C 



-               -80  - 

Q. 

ForCcdeTransitnnlmnOaoaaoaatoini  1111 

nelon  sei'  ' 

nVs 

T^  =  +2SX                        '  ~ 

Harmonic  Distortion 

THD 

V„,  =  6Vrins@f=1kHz 

-  -65 

dB 

Specifications  apply  to  Ixith  DAC  A  and  DAC  B. 
This  is  an  endpoint  linearity  specification. 

All  grades  guaranteed  to  be  monotonic  over  the  full  operating  temperature 
range. 

Measured  using  internal  RpgA  and  R^qB.  Both  DAC  latches  loaded  with 
1111  1111. 

DAC  loaded  with  0000  0000. 
Input  resistance  TC  =  300  ppm/°C. 

V,N  =  OVorV„„.   

For  all  data  bits  DB0-OB7,  WR,  CS,  DAC  A  /DAC  B. 

Logic  iripUiii«Miiliiiai^^'^iiW«Mi«l)frem  (-fZS'C)  Is  less  tl»n 

InA.  :-t 

Guaranteatoginsiaated.  


11. 
■12.  • 

13. 
14. 
15. 
16. 
17. 
18. 
W. 
20. 


See  timing  diagram. 

These  characteristics  are  for  design  guidance  only  and  are  not  subject  to 

test. 

AVoD  =  ±5%.  -        ,J  O 

From  digital  input  to  90%  of  final  analog-output  current. 

Vf^=  \BfB  =  -^'OV;  Iqu^A,  Iq^j^B  load  =  1 0OQ, Cext"  13pF^, 

WR,  CS  =  OV,  DB0-DB7  =  OV  to       or  Vpj,  to  OV. 

For  code  transition  0000  OOOOtollll  1111. 


.A,V„ 


M  =  20V„  „  Sinewave  94-  lOkHz. 


Both  DAC  latches  loaded  with  1 1 1 1  1111.   —  — 

Extrapolated:  tg  (1/2  LSB)  -  tpQ  +  6.2t,  where f  •MkilRHeurOdttsI  tlRl^ 

constant  of  the  final  RC  decay. 


WBrrE  CYCLE  TIMING  DIAGRAM 


ussTaone'ei 


DATA  IN  (DB0-DB7) 


 'AS  

s 

— 'AH- 

DATA  IN  STABLE 


X 


■  » 


■  0 


riotfj 


NOTES: 

1 .  ALL  INPUT  SIGNAL  RISE  AND  FALL 
TIMES  MEASURED  PROM  10%  TO  90% 
ARE  t,Bt,E  20ns. 

Z  TIMING  MEASUREMENT  REFERENCE 


LEVEL  18 
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DICE  CHARACTERISTICS 


1.  ANALOG  GROUND  (AGND) 

2.  OUTPUT  A  (OUT  A) 

3.  DAC  A  FEEDBACK  RESISTOR  (R,,gA) 

4.  DACAREFEIIEMCEINPUT(V,gpA) 

5.  DtGtTAL  GROUND  (DGND) 

6.  DIGfTAL  SELECTION  (DACA/OACB) 

7.  DIGITAL  INPUT  DB,  (MSB) 
a.  DIGITAL  INPUT  DBg 

ft  DIQrTAL  INPUT  DB, 

ia  DIGITAL  INPUT  DB, 

Sutabate  (die  Eiackside)  Is  internally 

JtoV„„ 


11.  DtGITAL  INPUT  DB3 
12..  DIGITAL  INPUT  DB, 

13.  DIGITAL  INPUT  DB, 

14.  DtGfTALINPirT  08^(138) 

15.  CHIP  SELECT  (OS) 

16.  WRITE  (WR) 

17.  POSITIVE  POWER  SUPPLY  (Vp^) 

18.  DACB  REFERENCE  INPUT  (V„„B)<> 

IftDACBF   " 

2ft  OUTPUTS  (OUT  B) 


DIE  SmmHMUm  hMh,  6^i%ilMl 
PJIBII  iJBfnm,  4.126  iq.  IIM4 


WAFER  TEST  LIMITS  at  V.-  =  +5V,  +10.8V  or  +15.75V,  Vp-^A  =         =  +10V,  OUT  A 

=  OUT  B  =  OV;  T.  =  25°C, 

unless  Otherwise  noted. 

PM-7628G 

PARAMETER 

SVMBOL 

CONDtnONS 

 ^LuJ  1  vroluV;.  ^1.'  

LMIT 

UNITS 

Relative  Accuracy 

INL 

&idpoM  Llneaittgr  Bnef                 ^       « ' 

±1/2 

LSBMAX 

Differential  Nonlinear!^ 

DNL 

±1 

LSBMAX 

r,  r  jpAGJ^^tiesl^ed  with  11111111 

±2 

LSBMAX 

Output  Leakage 

•no- 

n  liiTliin  -■•Sr,.-!'.  1    ,  , 

DAC  L|(^es  L'^ed      0000  good 

unAMAX 

Input  Resistance 

"in 

Pai4Snd18 

8/15 

knMIN/ 
knMAX 

Resistance  Match 

sHJ.-pi  -  AV„EpA,B 

±1 

%MAX 

Digitai  Input  ' .  ^.t 
Higfi 

•  9™  •  i/-  - 
IH 

.lart;  s5at  3- a'-:*  ■  i.-K-^ 

••Lff'  :  ra\i'<:£Mv^^^K^-■ 

'  VMIN 

Digital  input 
Low 

0.8 

VMAX 

input  Current 

U 

±1 

^AMAX 

1  Supply  Current 

'dd 

Ail  Digital  Inputs  V,^,^  or  V|^„ 
All  Digitai  Inputs  OV  or  .^5V  to  Vqq 

OJ 

mAMAX 

DC  Supply  Rejection 
(AGain/AVpn) 

%/%MAX 

NOTE:  _    _   

Electrical  teStiam  peilHRMid  at  mntar  probe  to  the  limits  shown.  Due  to  vart^kHis  in  assembly  methods  and  normal  yMdjo».  yieM  after  packetfinf  is.rnt  guaranteed 
for  standaid  prediiet  iia».  Consult  factory  to  negotials  spedflpaUoris  bteed  On<(i»  lot  iqualHiiagon  throunh  sample  kM  «&embly  and  tesHng. 
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2^72  BioiTAL-mrAimLomcem/simm 
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PM-7628 


TYPKPI«P@ff=ORMANCE  CHARACTERISTICt 


TOTAL  UNADJUSTED  ERROR 
vs  DIGITAL  INPUT 


0^ 

0.12S 


S  -0.125 

IE 
IE 

iu  -0.250 
a 

IU 

^  0.250 

J  0.125 

%  0 


3 


TJ^=  ♦25*C 
-  Vdo=  +15V  - 
VnEF=*WV 


RELATIVE  ACCURACY 
vs  REFERENCE  VOLTAGE 


US 

FULL-SCALE  GAIN  ERROR 
vs  TEMPERATURE 


1  1 

-75-«-28     0      as  SDTSIOOiaS 

TEMPtmnuicrc) 


OUTPUT  LEAKAGE  CURRENT  POWER  SUPPLY  REJECTION  AC  FEEDTHROUGH 

VS  TEMPERATURE  vs  fEMPERATURE  VS  FREQUENCY 


HMPH«inwiiW»  iwswTUREra  meouEHcyptt) 


•4iH3T!Wc  J,:  ; 


TOTAL  HARMONIC  DISTORTION  ANALOG  CROSSTALK 

vs  FREQUENCY  vs  FREQUENCY 


DIGITAL-TO-ANALOG  CONVERTERS  2-673 


TYPICAt.  PERFORMANCE  CHMAl^WMn^^MM 


SUPPLY  CURRENT  (Idd) 
vs  TEMPERATURE 

T — I — I — r 


GAIN  AND  PHASE  SHIFT 
vs  FREQUENCY  WITH 
OP-42  OUTPUT  AMPLIPHIER 


1  . 


IS  -22S 
Z 

-270 


PM 

AS 

E 

G 

Al 

i 

1   

TEMPERATURE  CC) 
«-  •tw 


100  125 
«     •  I 


GAIN  (Vout/Vrei^ 
vs  FREQUENCY 


look 
FReaiiENcy(H>} 


TEST  CIRCUIT 
FOR  GAIN  vs  FREQUENCY 


VOLTAGE  SWITCMMi  MME  CHARACTERISTICS 


I  -135 


GAIN  AND  PHASE 
vs  FREQUENCY 
(VOLTAGE  MODE) 


■ 

_  Vnn« 

23 

C 

sv 

VreF  -  IOOriVrus 
DIGITAL  WPUT&> 

»2V0C 
1111  1111 

OUTPUT 

1  nil 

AMPUFKR:  OP-42 

III     1  lllllll  1 

RELATIVE  ACCURACY 
vs  REFERENCE  VOLTAGE 


T^.  25'C  I  j 

AT  EACH  REFERENCE  VOLTAGE  ALL 
DIGITAL  CODES  WERE  TESTED,  THEN 
THE  MAXIMUM  ERROR  IS  PLOTTED  HERE, 


J|g^|;^«pjiT4tGf  (VOLTS) 


VOLTAGE  SWITCHING 
MODE  TEST  CIRCUIT 


V-ppAO-^  1-2PM-762B 


IT 


7-14 


AGND  DGND 

GAIN  (FREQ)  =  VqutA-Vre^  0N) 
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nK.t.Mi  I V  i^nwwuriMv^  I  wn  iiv  I  cun/^kiiwrn-mcHni  I  I  Vint-; 

This  is  the  single  most  important  DAC  specification.  PMI  meas- 
ures INL  as  the  maximum  deviation  of  the  analog  output  (from 
the  ideal)  from  a  straight  line  drawn  between  the  end  points.  It  Is 
Expressed  as  a  percerit  of  full-scale  relnge  or  In  terms  of  LSBs. 

Refer  to  PMI1 988  Da^ook,  Seefl^  1,  for  additional  dlgltal- 
to-anaiog  converter  ^inMori»r-|—v!v— ■  ' 

INTERFACE  LOGIC  INFORl^TION  ' 

DAC  SELECTION  "  *  ^ 

Both  DAC  latches  share  acoinmon  8-bit  Input  port.  The  control 
input  DAC  A/DASJINwWIjlilhlch  DAC  can  accept  data  frenrvttie 

input  port.  ~  ' 

MODE  SELECTION  

The  inputs  OS  and  WR  control  the  operating  mode  of  the  se- 
lected DAC.  See  Mode  Selection  Table  below. 

WRITE UODE  

When  CS  and  WR  are  both  low,  the  selected  DAC  Is  in  the  write 
mode .  The  input  data  latches  of  the  selected  DAC  are  transpar- 
ent andits  analog  output  responds  to  the  data  oh  the  data  lilt lne| 

DB0-DB7. 

HOLD  MODE 

The  selected  DAC  latch  retains  the  data  which  was  present  on 
the  data  lines  just  prior  to  CS  or  WR  assuming  a  high  state.  Both 
analog  outDuts.iM|a|ipg^jy]^p^|g|g»fjjp^pndina  t^  the  data  in 
their  respetctlvePcras.  . 


MODE  SELECTION  TABLE 


DACA/DACB 

CS 

WR 

DAC  A       DAC  B 

L 

t 

t 

H 

L 

L 

HOLD  WRITE 

x'  ~ 

h' 

X 

HOLD  HOLD 

X 

X 

H 

HOLD  HOLD 

L-LowStee  'zm^m^^-^ii'JMMame 


um  SCO  I  lUN 

There  Is  a  normally  closed  switch  in  series  with  the  interney 
feedback  resistor  (Rpg)  as  shown  in  Figure  1 .  This  switch  im- 
proves linearity  performance  overtfp^igfg^%gfi^,p(m^l,sufiz 
ply  rejectioru'-howctyer,  when  the  ci|t^<^t)li(MI!!?i!^d  U^ltm 
switch  assMtnes  an  open  state.       .  -      y  . .  , 

Seethe  PM-7528.data  sl!|«etfor^diti(MaL.eircult  lnfonf?iatiOh' 
aiHl>appllci^onsi.'>    -       •  1.  . .  .-):i.Ht,^0'i68ev  ^  '■'  ' 

,         ~  ,  i.  r. -,  ,    -.,  ,    >^  -  - ;    ■  ^;.n;K1100<'lln9««i') 


FIGURE  1 :  SimplHied  Functional  Circuit  for  DAC  A  or  DAC  B 


DIGITAL  SECTION 

The  digital  Inputs  are  CMOS  inverters.  They  were  designed 
such  that  TTL  input  levels  are  converted  into  internal  CMOS 
logic  levels;  they  are  used  to  drive  the  internal  circuitry.  A  simple 
5V  regulator  Is  used  to  ensure  TTL  compatibility  at  ^  =  1 2V  to 
15V  (see  Figure  2). 

The  PM-7628's  digital  inputs  are  TTL  compatible  between  the 
range  of  +5V  to  +1 6.5V.  The  digital  inputs  affect  the  amount 
of  quiescent  supply  current  as  shown  in  Figure  3.  Peak  supply 
current  occurs  as  the  digital  input  ( |^)  passes  through  the  tran- 
sition region.  Maintaining  the  digital  input  voltages  as  close  as 
possible  to  the  supplies  {V^^  and  DGND)  minimizes  supply 
current  consumption. 


1  I 

tO  W- 


i 


T I  heculator] 


1^ 


.roifiUPBa.. 


FIGURE  2:  SimpHSedSchemMic  of  Digital  Inputs 
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DIGITAL-TO-ANALOG  CONVERTERS  2-675. 


There  are  several  fast  logic  families  that  are  used  to  buffer  the 
DAC's  digital  inputs.  These  buffers,  if  not  properly  terminated, 
will  cause  reflections  that  can  exhibit  1 .5  to  3V  of  negative  over- 
shoot. This  overshoot,  when  applied  to  the  digital  inputs,  will 
cause  an  internal  diode  to  become  forward  biased  as  shown  in 
Figure  4.  If  sufficient  current  is  generated,  most  CMOS  devices 
will  latchup  resulting  in  a  catastrophic  failure.  The  PM-7628  fea- 
tures circuitry  designed  to  reduce  the  susceptibility  of  electro- 
static discharges  and  latchup  (see  Figure  5).  As  shown,  aseries 
resistor  has  been  incorporated  into  each  digital  input  so  that  the 
input  appears  resistive |p|t negative  vojtage  arid  prevents  latch- 
up (see 

The  PM-7628's  rugged  construction  also  resists  latchup  during 
power  supply  sequencing;  the  digital  inputs  can  be  powered  up 
It tlmM^jli  Moling  up. 


before  Vqq-^! 


S 

S  2 


1     1  1 

y-VDo=*15V 

T,=  ,2S-C 

rill 

^V„  =  .12V 

IK 

^  i  i 

h=1 

^■.t^f^^sp• 


2349S788 
%  ^MOTTAL  HPUTS  (VOLIS) 


FlGXitiEi:  Digital  trv^)«.t 


FIGURE  6:  PM-7628 Digilal  input  CtmractBr^  —  i 
BURN-IN  CIRCUIT  ~  v  "  7 


FIGiUfiE4:  Di^lnpiaataacMslic 


1- 


— o 


CIS  A  PARALLEL  COMBINATION  OF  4.7pF  AND 
a01»(F  CAPACITORS  ON  EVERY  TENTH  SOCKET. 
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An>LICATIONS  INFORMATION 

The  most  common  application  of  the  PM-7628  Is  In  the  voltage 
output  mode,  lJni{>olar  output  operation  provides  a  0  to  10  volt 
output  swing  when  connected,  as  shown  in  Figure  7.  The 
maximum  output  voltage  polarity  is  the  Inverse  of  the  input 
reference  voltage,  since  the  op  amp  inverts  the  input  currents:- 
The  transfer  equation  for  unipolar  operation  IsVqut  =  ~V|n  x 
D/256,  where  D  Is  the  decimal  value  of  the  data  bit  inputs  DBq 
thru  DB7  and  Vim  is  the.reference  input  voltage.  The  transfer 
equation  highlights  arrather  popular  application  of  CMOS 
OAC's,  multiplication.  The  output  voltage  is  the  product  of  the 
reference  voltage  and  the  digital  input  code.  The  reference 
input  voltage  can  be  any  value  in  the  range  of  ±25  volts  for  both 


DC  or  AC  signals.  The  circuit  in  Figure  7  performs  two- 
quadrant  multiplication.  Table  1  provides  example  analog 
outputs  for  the  given  digital  input  codes. 

For  bipolar  output  operation,  connect  the  PM-7628  as  shown  in 
Figure  8.  This  circuit  configuration  provides  an  offset  current, 
derived  from  the  reference,  to  enable  the  output  op  amp  to 
swing  in  both  polarities.  The  digital  Input  coding  becomes 
offset  binary.  Table  2  provides  some  example  analog  outputs 
for  various  digital  inputs  (D).  The  transfer  equation  for  bipolar  1 
operation  is  Vqut  =  x  (D/128  -  1),  where  D  is  the  decimal 
value  of  the  data  bit  inputs  DBgthru  DB7  This  circuit  provides  I 
full  four-quadrant  multiplication,  able  to  accept  ±  polarities  on 
both  inputs  as  well  as  the  circuit  output. 


NOTES: 

'  R,,  R,  AND  R,,  R^  USED  ONLY  IF  GAIN  ADJUSTMENT  IS 

REOUIRED.  SEE  TABLE  FOR  RECOMMENDED  VALUES. 

MAKE  GAIN  ADJUSTMENT  WTTH  DIGrTALHPUT  OF  255. 
'  C,,C,PHA5ECOMPENSAT1ON(10pF-19NF]B 

REQUIRED  WHEN  USING  HIGH  SPEED  ~ 

PREVENT  RINGING  OR  OSCILLATION. 


RECOMMENDED  TRIM  RESISTOR 

 VALUES  vs  GRADE  

TRIM  RESISTOR  HP/ER/AH 


FIGURE  7:  Dual  DACUnif)olar  Binary  Operation  (2  Quadrant  Multiplication).  See  Table  1. 


TABLE  1 :  Unipolar  Binary  Code  Table.  See  Figure  7. 


TABLE  2:  Bipolar  (Offset  Binary)  Code  Table.  See  Figure  8. 


'OAC  LATCH  CONTENTS 
'  MSB  USB 

ANALOG  OUTPUT 
(DACAorDACB) 

DAC  LATCH  CONTENTS 
MSB  LSB 

ANALOG  OUTPUT 
(DAC  A  or  DAC  B) 

1..  ("i       ;  :, 
r.  r     1  t  1:1  . 

.1111                 -  .L 

-V,N 

/255\ 
l55S/ 

1111 

1111 

1  000 

00  01             0'..-.  ^ 

\256) 

1000 

0001 

*V,n(tS8) 

1000 

0000 

-V,N 

\256)= — 2" 

1000 

0000 

0 

0111 

1111 

-V|N 

0  111 

1111 

-V,n(tI8) 

0000 

0001 

-V,N 

(  2§6) 

0000 

0001 

^inV  128/ 

0000 

00  04 

-v« 

ilii  ooeo 

0000 

-''inV128^ 

N0TE:1  LSB 

NOTE:  1  LSB 

PM-7628 


"in* 

Iiioli/IY  . 


DACA/ 
DACB  O- 


A 


INPUT 
BUf|F|fl 


)      LATCH  )  DAC  A  >  


^      LATCH  ^  DACB 


NOTES: 

'  R,,     AND  R^,  R,  USED  ONLY  IF  GAIN  ADJUSTMENT  IS  REQUIRED.  SEE 

TABLE  IN  FIGURE  7  FOR  RECOMMENDED  VALUES. 

ADJUST  R,  FDR  V^^  A  s  OV  WITH  CODE  1000  0000  IN  OAC  A  LATCH. 

ADJUST  fl,  FOR  Vqut  B  s  OV  WITH  CODE  1 000  0000  IN  DAC  B  lATCH. 
'  MATCHINGANDTRAWINQISESSENnALFORRESISrORPAIRSI^  — 

R^ANDRyR,^ 


RGURE  8:  Dual  DAC  Bipolar  Operation  (4  Quadrant  MuKpiiea^).  See  Table  2. 

-/     ...     I/-,  I 


APPLICATION  HINTS 

To  ensure  system  performance  consistent  with  PM-7628  specifi- 
cations, careful  attention  must  be  given  to  ttie  following  points: 

1.  GENERAL  GROUND  MANAGEMENT;  AC  or  transient 
voltages  between  the  PM-7628  AGND  and  DGND  can 

cause  noise  injection  into  the  analog  output.  The  simplest 
method  of  ensuring  that  voltages  at  AGND  and  DGND  are 
equal,  is  to  tie  AGND  and  DGND  together  at  the  PM-7623. 
In  more  complex  systems  where  the  AGND-DGND  con- 
nection is  on  the  back-plane,  it  is  recommended  that 
Schottky  diodes  (HP5082-2835  or  equivalent)  be  connected 
in  inverse  parallel  between  the  PM-7628  AGND  and  DGND 
pins. 

2.  OUTPUT  AMPLIFIER  OFFSET:  CMOS  DACs  exhibit  a 
code-dependent  output  resistance  which  in  turn  causes  a 
code-dependent  amplifier  noise  gain.  The  effect  is  a  code- 
dependent  differential  nonlinearity  term  at  the  amplifier 
output  with  a  maximum  magnitude  of  0.67  Vqs  (Vqs  is 
amplifier  input-offset  voltage).  This  differential  nonlinearit/ 
term  adds  to  the  R/2R  differential  nonlinearity.  To  maintain 
monotonic  operation,  it  is  recommended  that  amplifier  Vqs 
be  no  greater  than  10%  of  1  LSB  over  the  temperature 
range  of  interest. 


HIGH-FREQUENCY  CONSIDERATIONS:  The  output 
capacitance  of  a  CMOS  DAC  works  in  conjunction  with  the 
amplifier  feedback  resistance  to  add  a  pole  to  the  open-loop 
response;  this  can  cause  ringing  or  oscillation.  Stability  can 
be  restored  by  adding  a  small  phase-compensation  capaci^ 
tor  in  parallel  with  the  feedback  resistor 

DYNAMIC  PERFORMANCE:  The  dynamic  performance  of 
the  two  DACs  in  the  PM-7628  will  depend  upon  the  gain  and 
phase  characteristics  of  the  output  amplifiers,  together 
with  the  optimum  choice  of  the  PC  board  layout  and 
decoupling  components. 

CIRCUIT  LAYOUT  SUGGESTIONS:  Analog  and  digital 
ground  traces  should  be  routed  between  package  pins  to 
isolate  the  digital  inputs  from  the  analog  circuitry.  Analog 
ground  traces  should  also  be  placed  between  pins  17-18, 
18-19,  3-4,  4-5  to  minimize  reference  feedthrough  to  the 
output  in  multiplying  applications.  A  power  supply  bypass 
capacitor  (O.VF  in  parallel  with  a  IfiF  or  10/iF)  is  recom- 
m«ided  across  Vqd  to  DGND.  ' '  • 


'         -  a^J  i 
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SINGLE  SUPPLY  OPERATION,  VOLTAGE  SWITCHING 

With  the  PM-7628  connected  in  the  voltage  switching  mode  of 
operation  (Figure  9)  only  one  power  supply  is  necessary.  There 
is  no  voltage  Inversion  between  the  reference  input  polarity  and 
the  output  In  the  voltage  swit^ing  mode. 

Two  characteristic  curves  In  the  typical  performance  character- 
istics section  were  generated  using  this  voltage  switching  mode 
of  operation.  The  first  graph,  relativeaccuracy  versus  input  ref- 
erence voltage,  shows  that  to  maintain  a±1/2  LSB  maximum  lin- 
earity error,  V^^p  should  be  less  than  1 .5  volts  for  V^^  =  5  volts 
or  less  than  6  volts  for  ^  =  1 5  volts.  The  gain-phase  response 
graph  shows  dominant  pole  response  for  single  supply  applica- 
tions where  the  reference  input  Is  an  AC  signal.  In  this  applica- 
tion the  reference  input  should  remain  between  1 .5  volts  and 
ground  when  V^^  =  5  volts.  Additionally,  settling  time  measures 
400  to  500  nim«)ie#nstit  %  v^iiglii  Input  change  of  <^  is  # 
whenV[,p  =  ^. 

The  output  terminal  In  the  voltage  switching  mode  has  a  con- 
stant output  resistance  (-1 1  kQ)  independent  of  the  digital  input 
code.  The  output  should  be  buffered  with  a  VQltaSB  i 
when  driving  low  impedance  loads. 


JT 


FIGURE  9:  PM-7m8  in  Single  -^0^  mnm-Smshim  MiW 


SINGLE  SUPPLY,  CURRENT  SWITCHING 

An  alternate  single-supply  operating  mode  for  the  PM-7628 
results  when  offsetting  the  analog  ground.  Figure  1 0  shows  the 
circuit.  The  advantage  of  this  configuration  is  the  ability  to  set 
the  output  voltage  level  in  the  center  of  the  supply  voltage.  This 
allows  use  of  lower  cost  op  amps  that  would  not  work  in  single- 
supply  voltage-switching  applications. 

The  transfer  equation  in  this  mode  of  operation  Is: 

Vou^(D)  =  D/256(AGND-Vp^p)  +  AGND;  I 

where  D  Is  the  whole  number  binary  input.  I 

A  popular  connection  In  the  current-steering  single-supply 
mode  consists  of  a  2.5  volt  reference  connected  to  AGND,  the 
Vpgp  input  grourrded,  V^q  connected  to  +12  volts,  and  the  ex. 
ternal  (V+)  op  amp  tied  to  +12  volts.  This  hookup  results  in  the 
following  transfer  equation: 

VouT.(D)  =  2.5  (1+D/2S6)r 

where  M^^j^i^SS)  =  2.5  (1  +  2SS/208)  =  5V 
Vout(0)  =  2-5V. 

To  maintain  best  linearity  keep  A©M19  :eMi  tS' or  less  than  7 
hi  2  volts. 
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ANALOG 


LC^MOS 
£onqilet^:^Dual  12-Bit  MDACs 


AD7837/AD7847 


FEATURES 

Two  12«tt  MIMICS       Outptit  AmpHfieni 

Space-Saving  0.3",  24-Pin  DiP  and  24-Terminai 

SOIC  Pacliage 
ParaUal  Loading  Sautfim»i,^'fM7 
^8  -H  4)  Loading  Stnietiii»^A07837 

APPLICATIONS 
Automatic  Test  Equipment 
Function  Generation 
Waveform  Reconstruction 
Programmable  Power  Supplies 
Synchro  Applications 


FUNCTIONAL  BLOCK  DIAGRAMS 


GENERAL  DESCRIPTION 

The  AD7837/AD7847  is  a  complete,  dual,  12-bit  multiplying 
digitaJ-to-analog  converter  with  output  amplifiers  on  a  mono- 
lithic CMOS  chip.  No  external  user  trims  ffire  i*quiredti#'~*'S-W- 
achieve  full  specified  performance. 

Both  parts  are  microprocessor  compatible,  with  high  speed  data 
latches  and  interface  logic.  The  AD7847  accepts  12-bit  parallel 
data  which  is  loaded  into  the  respective  DAC  latch  using  the 
WR  input  and  a  separate  Chip  Select  input  for  each  DAC.  The 
AD7837  has  a  double-buffered  8-bit  bus  interface  structure  with 
data  loaded  to  the  respective  input  latch  in  two  write  operations. 
An  asynchronous  LDAC  signal  on  the  AD7837  updates  tte 
DAC  latches  and  analog  outputs. 

The  output  ampUfiers  are  capable  of  developing  ±10  V  across 
a  2  kil  load.  They  are  internally  compensated  with  low  input 
offset  v^iage  due  to  lasa  trimming  at  wafer  leyeL; 

The  amplifier  feedback  resistors  are  internally  connected  to 
VouT  on  the  AD7847. 

The  AD7837/AD7847  is  fabricated  in  Linear  Compatible  CMOS 
(LC^MOS),  an  advanced,  mixed  technology  process  that  com- 
bines precision  bipolar  circuits  with  low  power  CMOS  logic. 

A  novel  low  leakage  configuration  (U.S.  Patent  No.  4,590,456) 
ensiues  low  offset  errors  over  the  specified  tempeiature  range. 


PRODUCT  HIGHLIGHTS 

1.  The  AD7837/AD7847  is  a  dual,  12-bit,  voltage-out  MDAC 
on  a  single  chip.  This  single  chip  design  offers  considerable 
space  saving  and  increased  reliabihty  over  multichip  designs. 

2.  The  AD7837  and  the  AD7847  provide  a  fast  versatile  inter- 
ace  to  8-bit  or  16-bit  dau  bus  structures. 


Parameter 


A  Vernon 


iVenioa 


TinTlhilritiMriSibiH  T~ 


STATIC  PERFORMANCE 
Resolution 
Relative  Accuncy^ 

Zero  Code  OttmBao^'  ■ 

@  +2S°C 
T„^  to  T^ 
Gain  Error^ 
@  +25°C 
T_i.  to  T__, 


12 
±1 
±1 

±2 
±1 

±5 
±7 


12 

±1/2 
-±i — 

±2 
±4 


12 
±1 

**•  

±2 
±5 

±5 
±7 


Bits 

LSB  max 
LSBmaz- 

mV  max 

LSB  max 
LSB  max 


-GtiaBMHeed-MciinKwii'  ~ 


£»AC^I%ii 
Temperature 


DAG  Latch  Loaded  with  All  Is 
Temperature  Coefficient  =  ±2  ppm  of 


REFERENCE  INPUTS 

Vrep  Input  Resistance 

Vrefa'  Vrefb  Resistance  Matching 


8/13 
±3 


8/13 
±3 


8/13 
±3 


kn  min/max 
%  max 


Typical  Input  Resistance  =  10  kA 
Typically  ±0.5% 


DIGITAL  INPUTS 
Input  High  Voltage,  Vqjh 
Input  Low  Voltage,  Wbo. 
Input  Current 
Input  Capacitance^ 


2.4 
0.8 
±1 
8 


2.4 
0.8 
±1 
8 


2.4 
0.8 
±1 


V  min 

V  max 
|iA  max 
pF  max 


Digital  Inputs  at  0  V  and  \^ 


ANALOG  OUTPUTS 
DC  Output  Impedance 
Short  Circuit  Current 


0.2 
15 


0.2 
15 


0.2 
15 


n  typ 
mA  typ 


VouT  Connected  to  AGND 


POWER  REQUIREMENTS' 

Vdd  Range 

Vss  Range 

Power  Supply  Rejection 
AGatnaVoD 


14.25/15.75 

-14.25/- 15.75 

±0.1 
±0.1 

JO  _ 

-6  


14.25/15.75 

±0.1 
±0.1 

6 


14.25/15.75 
-M.25/-im 

±0.1 

±0.1 

10 


V  min/maz 

%per%max 
%per  %nux 
mA  max 
mA  max 


VBn  =  15V±5%,VRBF=-10V 
Vss  =  -15  V  *  5%,  Vrip  => +10  V 
Output  Unloaded.  Typically  5  mA 
Output  Unloaded.  Typically  4  mA 


AC  CHARACTERISTICS*' ' 
Voltage  Xhitput  Settling  Time 


Slew  Rate 

Digital-to-Analog  Glitch  Impulse 
Chanad-toChannfl  Isolation 

Vbefa  to  VoutB 


1 


V«Bf|  to  VoUTA 

Muitipijiiig  FeeddiRHigJi  Error 
Unity  Gain  SmaU  Signal  W 

Full  Power  BW 

Total  Harmonic  Distortion 

Digital  Crosstalk 
Ou^m  Noise  Voltage  @  +2S°C 
(O.'1'HzK)  lOHz) 


7 

175 


-95 

-95 

-90 

600 

110 

-88 

10 

2 


7 

175 


-95 
-95 

'600 

110 
-88 
10 
2 


7 

175 


-95 

-95 

-90 

600 

90 

-88 

10 

2 


(istyp 


V/^LS  typ 
ifV  sees 


dB'Qfip' 
dB  typ 
dB  typ 
kHz  typ 
kHz  typ 
dB  typ 
nV  sees  typ 
(iV  rms  typ 


SettUng  Time  to  Within  ±  1/2  LSB  of  Final 
Value.  DAC  Latch  Alternately  Loaded 
with  All  Os  and  All  Is 

DAC  Latch  Alternately  Loaded  with 


.  11  and  10  . 


.00 


Vrefa  =  20  V        10  kHz  S6ic^*WaTC.  I 

DAC  Latches  Loaded  with  All  Os 

Vrefb  =  20  V  p-p,  10  kHz  Sine  Wave. 

DAC  Latches  Loaded  with  All  Os 

Vkef  =  20  V  p-p,  10  kHz  Sine  Wave. 

DAC  Latch  Loaded  with  All  Os 

Vref  =  100  mV  p-p  Sine  Wave.  DAC 

Latch  Loaded  with  AU  Is 

Vref  =  20  V  p-p  Sine  Wave.  DAC 

Latch  tindti  with  AU  Is 

Vref  =  6  V  rms,  1  kHz.  DAC  Latch 

Loaded  with  All  Is 

Code  Transition  from  AU  Os  to  All  Is 

See  Typical  Performance  Graphs 

Ampliiier  Noise  and  Johnson  Noise  of  Rp^ 


NOTES 

'Tempetanire  Ranges  are  as  foUows:  A,  B  Versions,  -40°C  to  +8S°Ci  S  Version,  -S5°C  to  +12S°C. 
'See  Tominakigy. 

'Sample  tested  @+25'C  to  ensure  compUance. 

Tbe  Devico  are  fimctioiial  widi  WotJ^w  =  ±12  V  (See  typical  petfbnnanbe  graphs.) 
^■edficatiQin  aiUiiect  to  change  witlmt  note. 


^S82  mmm.4fo-*tiAtmcmvmfms 


iiminq  bn|in|ivii;nioiibo     (v„  =  +is  v  ±  s%.    =  -15  v  ±  $%,  asnda  =  agndb  =  D6ND  =  0  V) 


Limit  at  T^, 

Limit  at  T^,  T_„ 

Parameter 

(A,  B  Versions) 

(S  Version) 

Units 

Conditions/Comments 

t, 

0  . 

0 

ns  min 

CS  to  WR  Setup  Time 

0 

0 

ns  min 

CS  to  WR  Hold  Time 

tj 

80 

100                 ,  .,.  , 

ns  min 

WR  Pulse  Width 

U 

80 

80 

ns  min 

Data  Valid  to  WR  Setup  Time 

tj 

10  ^' 

10 

ns  min 

Data  Valid  to  WR  Hold  Time 

t.' 

15 

15 

ns  min 

Address  to  WR  Setup  Time 

t/ 

15 

15 

ns  min 

Address  to  WR  Hold  Time 

t,' 

80  . 

100 

ns  min 

LDAC  Pulse  Width 

NOTES 

'Sample  tested  @  +2S°C  to  anare 
^See  Figures  3  and  5.        .-»■  •  - 
'AD7837  only. 


ABSOLUTE  MAXIMUM  RATINGS* 

(Ta  -  +25°C  unless  otherwise  noted) 

Vdd  to  DGND,  AGNDA,  AGNDB  -0.3  V  to  +17  V 

Vss'  to  DGND,  AGNDA,  AGNDB  .  .  .  : -.  .  +0^3^  tb-^UV 
Vrefa.Vrefb  to  AGNDA,  AGNDB  ■  ■  '  - 

.   .     ...   ....  / .  Vss'^iS  V  to  Vdd  +0.3  V 

AGNDA,  AGNDB  to  t>GND  ^13  V  to  Vdd  +0  3  V 

Vo^r^A^  Vqutb'  »  AGNDA,  AGNDB 

  Vss  -0.3  V  to  VoD  +0.3  V 

RFBA'.  Rraa' to  AGNDA,  AGNDB      .  |    ,  ,  i  ,„.   i  . 

 > . . . . .... . . .  V.  -  .yss -Mv^tw.Vos,  +.0.3, y 

Digital  inputs  to  DGND   -0.3  V  to  Vdd  +0-3  V 

Operating  Temperature  Range 

Commercial/Industrial  (A,  B  Versions)  ....  -40°C  to  +85°C 

Extended  (S  Version)   -55°C  to  +125°C 

Storage  Temperature  Range   -65°C  to  +150°C 

Lead  Temperature  (Soldering,  10  sees)  +  300°C 

Power  Dissipation  (Any  Package)  to  +75°C  .......  1000  mW 

Derates  sbtrm '¥11^  if/   10  mWfX: 


ORDERING  GUIDE 


NOTES 

'If  is  open  circuited  with  Vqc  and  either  AGND  applied,  the  Vss  Pi"  «>U 
float  positive,  exceeding  the  Absolute  Maximum  Ratings.  If  this  possibiUty 
exists,  a  Schottky  diode  connected  between  V.^^  and  AGND  (cathode  to 
AGND)  ensures  the  Maximum  Ratings  will  be  observed. 

'The  outputs  may  be  shorted  to  vaitago  in  this  mige  pnvided  die  poner 
dissipation  of  the  package  is  not  exceeded. 

'AD7837  only. 

^Stresses  above  those  listed  imder  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  timctional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  hsted  in  the 
operational  sections  of  this  spediication  is  not  implied.  Exposure  to  absolute 
mawmnm  rating  conditions  for  extended  periods  may  affect  device  reUabili^. 
Only  (KKAbaohiteMazimianRatiiig  may  be  appGed  It  any  onetimes      -  - 


Temperature 

Relative 

Package 

Model' 

Range 

Accuracy 

Option' 

AD7837AN 

-40°C  to  +85''C 

±1  LSB 

N-24 

AD7837BN 

-40''C  to  +85°C 

±1/2  LSB 

N-24 

AD7837AR 

-40°C  to  +85°C 

±1  LSB 

R-24 

AD7837BR 

-40°C  to  +85°C 

±1/2  LSB 

R-24 

AD7837AQ 

-40°Cto  +85°C 

±1  LSB 

Q-24 

Ar)7837BQ 

-40°Cto+85X 

±1/2  LSB 

Q-24 

AD7837SQ 

-5S°Cto  +125°C 

±1  LSB 

Q-24  ' 

AD7847AN 

-40°C  to  +85°C 

±1  LSB 

N-24 

AD7847BN 

-40°C  to  +85°C 

±1/2  LSB 

N-24 

AD7847AR 

-40°Cto  +85°C 

±1  LSB 

R-24 

AD7847BR 

-40°C  to  +85°C 

±  1/2  LSB 

R-24 

AD7847AQ 

-40°Cto  +85°C 

±1  LSB 

Q-24 

AD784^Q 

-40"'C  to  +85°C 

±1/2  LSB 

Q-24 

±\LSB 

Q-?4 

NOTES 

'To  order  MIL-STD-883,  Class  B  processed  pans,  add  /883B  to  pan 
number. 

^    Hastic  DIP;  Q  =  CoiSp;  R  =  SOIC.  For  ouit 
Fadogelnfbr&aM'^^i-r"  '''^ 


CAUTION  

BSD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  foam 
should  be  discharged  to  the  destination  socket  before  devices  are  inserted. 


WARNING!  ^-<1 
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DIGITAL-TO-ANALOG  CONVERTERS  2-683 


AD7837/AQ7847 


TERMINOLOGY  -        .       _  . 

Relative  Accuray  (Liaearity) 

Relative  accuracy,  or  endpoint  linearity,  is  a  measure  of  the 
Tnaxinuim  deviation  of  the  DAC  transfer  function  from  a 
straight  line  passing  through  the  endpoints.  It  is  measiued  after 
allowing  for  zero  and  full-scale  errors  and  is  expressed  in  LSBs 
or  as  a  percentage  of  full-scale  reading. 

DifTeiential  Nonlinearity 

Differential  nonlinearity  is  the  difference  between  the  measured 
change  and  the  ideal  1  LSB  change  between  any  two  adjacent 
codes.  A  specified  differential  nonhnearity  of  ±  1  LSB  or  less 
over  the  operating  temperature  range  ensures  monotonicity. 

Zero  Code  Offset  Error 

Zero  code  offset  error  is  the  error  in  output  voltage  from  Vqu-ta 
Vquxb  with  all  Os  loaded  into  the  DAC  latches.  It  is  due  to  a 
combiiiatioii  of     DAC  leakage  currmt^uid  o&et  mots  in  the 
output  amplifier. 

Gain  Error 

Gain  error  is  a  measuie  ofOteini^lMtlM'Ifctneen  an  ideal 
DAC  md  the  actual  device  ouqjttt'wilh  all  Is  loaded.  It  does  not 
include  offset  error.  " 

Total  Harmonic  Diatoition 

This  is  the  ratio  of  the  rbot-mean-square  (rms)  sum  of  the  har- 
monics to  the  fundamental,  expressed  in  dBs. 

Multiplying  Feedthrough  Error 

This  is  an  ac  error  due  to  capacitive  feedthrough  from  the  Vrep 
input  to  VouT  ''^J^  ^"""^  DAC  when  the  DAC  latch  is  loaded 

^  ■'1       I  82.1  is  I  ytii  -  o!    •  -     Hi-  •  *■  J  /I 
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AD7837  PIN  FUNCTION  DESCRIPTION  (DIP  &  SOIC  PIN  NUMBERS) 


Channel-to-Channel  Isolation 

This  is  an  ac  error  due  to  capacitive  feedtljiOtiili  fiipm  the  W^eb 
input  on  one  DAC  to  Voxrr  on  the  other  DAC.  It  is'mauuied 
with  the  DAC  latches  loaded  with  all  Os. 

Digital  Feedthrough 

Digital  feedthrough  is  the  glitch  impulse  injected  from  the  digi- 
tal inputs  to  the  analog  output  when  the  data  inputs  change 
state,  but  the  data  in  the  DAC  latches  is  not  changed. 


For  the  AD7837,  it  is  measured  with  LDAC  held  hi^  For  the 
AD7847,  it  is  measured  with  CSA  and  <^  bddpigh. 

Digital  Crosstallc 

Digital  crosstalk  is  the  glitch  impulse  transferred  to  the  output 
of  one  converter  due  to  a  change  in  digital  code  on  the  DAC 

latch  of  the  other  converter.  It  is  specified  in  nV  sees. 

Digital-to-Analog  Glitch  Impulse 

This  is  the  voltage  spike  that  appears  at  the  output  of  the  DAC  , 
when  the  digital  code  changes,  before  the  output  settles  to  its 
final  value.  The  energy  in  the  gUtch  is  specified  in  nV  sees  and 
is  measured  for  a  1  LSB  change  around  the  major  carry  transi- 
tion (0111  nil  nil  to  1000  oooo  oooo). 

Unity  Gain  Small  Signal  Bandwidth 

This  is  the  frequency  at  which  the  small  signal  voltage  output  v 
from  the  output  amplifier  is  3  dB  below  its  dc  level.  It  is  mea- 
sured with  the  DAC  latch  loaded  with  all  Is.  !A  Mfl'O'' 
Full  Power  Bandwidth 

This  is  the  maximum  frequency  for  which  a  sinusoidal  input 
signal  will  produce  full  ouq>ut  at  rated  load  with  a  distortion 
less  than  3%.  It  is  measured'with  die  DAC  latch  loaded  with 
aU  Is. 


Mnemonic  Description 


1  CS  Chip  Select.  Active  low  logic  input.  The  device  is  sdei;ted  when  this  iiqnit  is  active.  .„ 

2  RpBA  Amplifier  Feedback  Resistor  for  DAC  A.  yo.)  v'^  ■ 

3  V^EFA  Reference  Input  Voltage  for  DAC  A.  This  may  be  an  ac  or  dc  signal. 

4  Vquta  Analog  Output  Voltage  from  DAC  Ai 

5  "  AGliltoA  Analog  Ground  for  DAC  A.  1  r       -  .  v    i  r.  -  :  .  .  i-. 

6  Vdd  Positive  Power  Supply.  .-<.r,  iit  ,  . ,  -..j  j., 

7  Vss  Negative  Power  Supjdy.  '  -vi*^ 

8  AGNDB  Analog  Ground  for  DAC  B.  .  , 

9  VouTB  Analog  Output  Vohage  &om  DAC  B.  ' 
10 

^REFB  Reference  Input  Voltage  for  DAC  B.  This  may  be  an  ac  or  dc  signal. 

11  DGND  Digital  Ground.  Ground  reference  for  digitad  circuitry,, .•  ;  n    -J  ,  ,-  w       >i       .r.  ,  •  .^.a  .s.  ' 

12  RpBB  Amplifier  Feedback  Resistor  for  DAC  B. 

13  WR  Write  Input.  WR  is  an  active  low  logic  input  which  is  used  in  conjimction  with  CS,  AO  and  AI  to  ^ 

write  data  to  the  input  latches.  ,  ,  ' 

14  LDAC  DAC  Update  Logic  Inpm.  Data  is  transferred  from  the  input  latches  to  the  DAC  latclies  when<IiDAC 

is  taken  low.  .  •' 

15  Al  Address  Input.  Most  significant  address  input  for  input  latches  (see  Table  II).     _  1    _        :  .  IL 

16  AO  Address  Input.  Least  significant  addien  input  for  input  latches  (see  Table  II). 
17-20     OB7-DB4  Data  Bit  7  to  Data  Bit  4. 

21-24    DB3-DB0  Data  Bit  3  to  Data  Bit  0  (LSB)  or  Data  Bit  1 1  (MSB)  to  Dau  Bit  8. 
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AD7847  PIN  FUNCTION  DESCRIPTION  (DIP  &  SOIC  PIN  NUMBERS) 


Pin      Mnemonic  Description 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

u 

13 


14-24  DBIO-DBO 


Chip  Select  Input  for  DAC  A.  Active  low  logic  input.  DAC  A  is  selected  when  this  input  is  low. 
Qiip  Select  Input  for  DAC  B.  Active  low  logic  input.  DAC  B  is  selected  when  this  input  is  low. 
Reference  Input  Voltage  for  DAC  A.  This  may  be  an  ac  or  dc  signal.  .fJ.  ;   i_  ' 

Analog  Output  Voltage  from  DAC  A. 
Analog  Ground  for  DAC  A. 
Poritive  Power  Supply. 
Negative  Power  Supply. 
Analog  Ground  for  DAC  B. 

An^ogOut^  Voltage  from  DAC  B.  .J.' 

Reference  Input  Voltagie  for  BA|^,  jPjiy^iMW  jwi  an  m:oc  4e  ripiaii 
Digital  Ground. 

Write  Ii^Bt.  WR  is  a  positive  edge  ttinered  input  whidPttHJted  in  am{iuicri(m  wiA  CSA  m^.Wi 
to  write  data  to  the  DAC  latches. 

Data  Bit  10  to  Data  Bit  0  (LSB). 


AD7837  PIN  CONFIGURATION 
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AD7847  PIN  CONHI 
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AD7837/AD7847— Typical  Performance  Graphs 
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CIRCUIT  INFORMATION 
D/A  Section 


J  J  .'aril  ij"--' 

A  segmented  scheme  is  used  wheiel^  di6  2rMfflica£  tlie; 
data  word  are  decoded  to  drive  the  three  switches  A-C.  .The 
remaining  10  bits  tbive  the  switches  (  S&-S9)  in  a  standard 
R-2R  ladder  configuration. 

Each  of  the  switches  A-C  steers  1/4  of  the  total  lefetence  cur- 
rent with  the  remaining  1/4  passing  through  the  R-2fl  section. 

The  output  amplifier  and  feedback  resistor  perform  the  current 
to  voltage  conversion  giving 

'    .  '.  VouT~  ~P  '  Yrbf 

where  Xl  is  the  £ractiaiiaI  'r^te^tatiiDn  of  the  dipd  word.  (D 
can  be  set  from  0  to  4095/4096.) 

The  output  amplifier  can  maintain  ±  10  V  across  a  2  kfl  load.  It 
is  internally  compensated  and  settles  to  0.01%  FSR  (1/2  LSB)  in 
less  than  5  ^.s.  Note  that  on  the  ADT^S^,  Vqitt  ^i^t  ^ 
nected  externally  to  RpB- 


VfauT 


INTERFACE  LOGIC  INFORMATION  -  AD7847 

The  input  control  logic  for  the  AD7847  is  shown  in  Figure  2. 
The  part  contains  a  12-bit  latch  for  each  DAC.  It  can  be  treated 
as  two  independent  DACs,  each  with  its  own  CS  input  and  a 
common  WR  input.  CSA  and  WR  control  the  loading  of  data  to 
the  DAC  A  latch,  while  CSB  and  WR  control  the  loading  of  the 
DAC  B  latch.  The  latches  are  edge  triggered  so  that  input  data 
is  latched  to  the  respective  latch  on  the  rising  edge  of  WR.  If 
CSA  and  CSB  are  both  low  and  WR  is  taken  high,  the  same 
data  will  be  latched  to  both  DAC  latches.  The  control  logic 
truth  table  is  shown  in  Table  I,  while  the  write  cycle  timing  dia- 
gnun  for  the  part  is  shown  in  Figure  3. 


CSA  ■ 


□AC  A  LATCH 


DAC  B  LATCH 


^gum  B-  Mli^fii0  ifeipitf  #dNifira/  Logic 


Table  I.  AD7847  Truth  Tables. 


CSA-. 


_CSB_ 


3KR 


X 

1 
0 
1 
0 

1 

I 


X 

1 
1 

0 
0 

1 

I 
I 


1 

X 

I 
I 
f 

0 
0 

0 


Fimction . 


No  Data  Transfer 
No  Data  Transfer 
Data  Latched  to  DAC  A 
Hm  Latched  to  DAC^ 
Daia  Latdied  to  Both  DACs 
Data  Latched  to  DAC  A 
Data  Latched  to  HAC  B 
Data  Laldied  to  BothOACs 


X  '=  Don't  Care.  £  =  Rising  Edge  Triggered. 


WR 


"V^VALID  -V 

DATA  ^  


Figijre  3.  AD784/  Write  Cycle  Timing  Diagram 


INTERFACE  LOGIC  INFORMATION  -  AD7837 

The  input  loading  structure  on  the  AD7837  is  configured  for 
interfacing  to  microprocessors  with  an  8-bit-wide  data  bus.  The 
part  contains  two  12-bit  latches  per  DAC  -  an  input  latch  and  a 
DAC  latch.  Each  input  latch  is  further  subdivided  into  a  least- 
significant  8-bit  latch  and  a  most-significant  4-bit  latch.  Only 
the  data  held  in  the  DAC  latches  determines  the  outputs  from ' 
the  pirt.  The  input  control  logic  for  the  AD7837  is  shown  in  ' 
Figure  4,  vMe  ^ivfite^jMle  timing^^wnini  It  Sbornn  ih  ''' 
Figures.  '  '       "  1 

'  -  I  1       t  • 


ilDAC 


Figure  4.  AD7837  Input  CoMfOl  iJ^Sc 
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-OJNIFOLAKBINARyillCKA'nON 

FigUK  6  shom  DAC  A  an  the  AD7837/AD7847  connected  for 
unipolar  binary  operation.  Similar  connections  apply  for  DAC 
B.  When       is  an  ac  signal,  the  circuit  performs  2-quadrant 
multiplication.  The  code  table  for  ihis  drCOit  is  showil  M 
Table  III.  Note  that  on  the  AD7847  die  feeibactc  re^dc  » 
inttmally  cmmected  to  Vqi^  '    '  m-i    ■3r,-.:r.    .  -y, 

'do 


•-  1.  - 

—  Is 

is**/!--        ..DATA  i  ...'iijjt-jjj 

'    VAUD  ^ 

I. 

'INTERNALLY 
CONNECTED 
ONAOTMT 


"ftming  Dtagnm 


Figure  ^.  Unipolar  Binary  Operation 
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CS,  WR,  AO  and  Al  control  the  loading  of  data  to  the  input 
latches.  The  eight  data  inputs  accept  right-justified  data.  Data 
can  be  loaded  to  the  input  latches  in  any  sequence.  Provided 
Aat  LDAC  is  held  high,  there  is  no  analog  output  change  as  a 
result  of  loading  data  to  the  input  latches.  Address  lines  AO  and 
Al  deeirmine  whidi  laitdi  data  is  loaded  to  when  ^'Ud  WR 
are  low.  The  contnd  logic  truth  table  for  the  part  is  shown  in 
Table  n. 

Table  n.  AD7837  Truth  Table 


Table  lU.  Unipolar  Code  Table 


DAC  Latch  Contents 
MSB  LSB 


1111  nil  nil 


CS 

WR 

Al 

AO 

LDAC 

Function            '       '             J  _ 

1 

X 

X 

X 

1 

No  Data  Transfer 

X 

1 

X 

X 

1 

No  Data  Transfer 

0 

0 

0 

0 

1 

DAC  A  LS  Input  Latch  Transparent 

0 

0 

0 

1 

1 

DAC  A  MS  Input  Latch  Transparent 

0 

0 

1 

0 

1 

DAC  B  LS  Input  Latch  Transparent 

0 

0 

1 

1 

1 

DAC  B  MS  Input  Latch  Transparent 

1 

1 

X 

X 

0 

DAC  A  and  DAC  B  DAC  L:!tches 

Updated  Simultaneously  from  the 

0000 


0000  0000  0001 

oooo'oi^^'eisttd'^'^ 


Analog  Output,  Vom- 


-v„ 


•0''t- 


/2048\  I  „  1 

1^}  ,A 


Note  I  LSB  = 


Vm 
4096  ' 


X  =  Don't  Care. 


The  LDAC  input  controls  the  transfer  of  12-bit  data  from  the 
input  latches  to  the  DAC  latches.  When  LDAC  is  taken  low, 
both  DAC  latches,  and  hence  both  analog  outputs,  are  updated 
at  the  same  lime.The  data  in  the  DAC  latches  is  held  on  the 
rising  edge  of  LDAC.  The  LDAC  input  is  asynchronous  and 
independent  of  WR.  This  is  useful  in  many  applications  espe- 
cially in  the  simultaneous  updating  of  multiple  AD7837s.  How- 
ever, care  must  be  taken  while  exercising  LDAC  during  a  write 
cycle.  If  an  LDAC  operation  overlaps  a  CS  and  WR  operation, 
there  is  a  possibility  of  invaUd  data  being  latched  to  the  output. 
To  avoid  this,  LDAC  must  remain  low  after  CS  or  WR  return 
high  for  a  period  equal  t0  Wffetxa  than  t^,  die  mininnun 
LDAC  pulse  width.   ' 


r  iimi!  -iii-.  'jT-v  ■.;/; 


.11 1.  . 

■■1  ■ •  - 


BEV.50 


AD7837/AD7847 


BIPOLAR  OPERATION 
(4-QUADRANT  MULTIPLICATION) 

Figure  7  shows  the  AD7837/AD7847  connected  for  bipolar 
operation.  The  coding  is  offset  binary  as  shown  in  Table  IV. 
When  VnM  is  an  ac  signal,  the  circuit  performs  4-quadrant  mtil- 
tiplication.  To  maintain  the  gain  error  speciiications,  resistors 
Rl,  R2  and  R3  should  be  ratio  matched  to  0.01%.  Note  that  on 


the  AD7847 


'INTERNAU.V  COWIECtEO 
ONAD7847 


Figure  7.  Bipolar  Offset  Binary  Operation 


Table  IV.  Bipolar  Code  Table 


DAC  Latch  Contents 
lUSB  LSB 


nil  1111  nil 

1000  0000  0001 
1000  0000  0000 

0111  nil  nil 
ooocboooo  0000"  ^ 


Analog  Output,  Vout 


+V,, 


+V„ 

0  v 
-Vi 


/2047\ 
\2048j 

(aoii) 

(2048) 


-f'  ''  J: . 


"jq  . '    .  ■  tr. 


fl'l.A  fh.S',1  ^ 


i  ,{1/.     i-  . 


APPLICATIONS 


.fa. 


PROGRAMMABLE  GAIN  AMPLIFIER  (PGA) 
The  dual  DAC/amplifier  combination  along  with  access  to  Rpg 
make  the  AD7837  ideal  as  a  programmable  gain  amplifier.  In 
this  application,  the  DAC  functions  as  a  programmable  resistor 
in  the  amplifier  feedbadt  loop.  This  type  of  configuration  is 
shown  in  Figure  8  and  is  suitable  fat  ac  gain  control.  The  cir- 
cuit consists  of  two  PGAs  in  series.  Use  of  a  dual  configuration 
provides  gmter  accuracy  over  a  wider  dynamic  range  than  a 
single  FGA^  solution.  The  overall  system  gain  is  the  product  of 
the  indindiialissis  Mia».-.TI|e  eSieaii»gBBM<V^«>ch  stage  ate  - 
controlled  by  the  DAC  codes.  As  the  code  decreases,  the  e£fec- 
tive  DAC  resistance  increases,  and  so  the  gain  also  increases. 


(1) 


Figure  8.  Dual  PGA  Circuit 

The  transfer  function  is  given  by 
Vqvt  _  Reqa  Reqb 
ViN        Rfba  Rfbb 
where  Reqa>  I^eqb     the  affective  DAC  tenmmm  controlled 
by  the  digital  input  code:      '   '      ~  -.two' 
2"  Rm 

^BO  -      ^   (2) 

where  Rn^  is  the  DAC  input  resistance  and  is  equal  to  Rpg 
and  N=  DAC  input  code  in  decimal. 

The  transfer  function  in  p^;^|Hi^,fiia|!l&s,  lip  ^       ,       i  . 

where  N^  =  DAC  A  input  code  in  decimal 

and  Nb  =  DAC  B  input  code  in  decimal. 

Nji,  Ng  may  be  programmed  between  1  and  (2"-l).  The  zero 
code  is  not  allowed  as  it  results  in  an  open  loop  amplifier  re- 
sponse. To  minimize  errors,  the  digital  codes       and  Ng  should 
be  chosen  to  be  equal  to  or  as  close  as  possible  to  each  other  to 
adiieve  the  required  gainl  '  "'  '  ^-  ■  --' 
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ANALOG  PANNING  CIRCUIT 

In  audio  applications  it  is  often  necessary  to  digitally  "pan"  or 
split  a  single  signal  souice  into  a  two-channel  signal  while  main- 
taining the  total  power  d^vered  to  both  rhanm-lg  constant.  This 
ma^^be  done  vay  simply  by  feeding  the  signal  into  the  Vksf 
inpiljt  of  both  DACs  .  llie  digital  codes  are  chosen  such  that  the 
cod^^plied  to  DAC  B  is  the  2s  complement  of  that  applied  to 
DAG  A.  In  this  way  the  signal  may  be  paimed  between  both 
channels  as  the  digital  code  is  changed.  The  total  power  varia- 
tion with  this  arrangement  is  3  dB. 

For  applications  which  require  more  precise  power  control  the 
circuit  shown  in  Figture  9  may  be  used.This  circuit  requires  the 
AD7837/AD7847,  jutW712'dttal»op  UBfrmi  8<«4iiai  value"  > 
resistors.  '  '  T  -  >  ■ 

Again  both  channels  are  driven  with  2s  complementary  data. 
The  mawmnm  power  variation  using  this  circuit  is  only  O.S  dBs. 


Figure  9.  Analog  Panning  Circuit 

The  voltage  output  expressions  for  the  two  channels  are  as 
follows:  


=  -vi 


where      =  DAC  A  input  code  in  decimal  (  1  ^      s  4095) 
and  Nb  =  DAC  B  ii^^d^Si^^sd  ('  1^  Ng  ^  4095) 
with  Nb=  2s  complement  of  N^. 

The  2s  complement  relationship  between  and  causes  Ng. 
to  increase  as  N.  decreases  and  vice  versa. 


Hence      +  N. 


4096. 


With      =  2048,  then  Nb  =  2048  also;  this  gives  the  balanced 
condition  where  the  power  is  split  equally  between  both  chan- 
nels. The  total  power  variation  as  the  signal  is  fully  panned  from 
channel  B  n  channel  A  is  shown  in  Figi^^^,.    .  ,m       ,  , 


■Rgure  10.  Power  Variation  for  Grcuit  in  Figure  9 


APPLVmG  THE  AD7837/AD7847 
General  Groniid  Man^igianent 

AC  or  transient  voltages  between  the  analog  and  digital  grounds 
i.e.,  between  AGNDA/AGNDB  and  DGND  cm  cause  noise 
injection  into  liie^i$^^ifkittiat}f^hiSiiiiSSd  of  enmiing 
that  both  AGNDs  and  DGND  are  equal  is  to  connect  them  to- 
gether at  the  AD7837/AD7847  on  the  circuit  boatrd.'Iht&ore 
complex  systems  where  the  AGND  and  DGND  intertie  is  on 
the  badqplane,  it  is  recommended  that  two  diodes  be  connected 
in  inverse  parallel  be^i^^  the  AGND  and  DGND  ^s  <1N914 
or  equivalent).  -  ^  j 

Power  StfiHy  DecdimBng  / 

In  order  to  minitniwiTCroe  it  is  recommended  that  the  V^d  and 
the  Vss  lines  on  the  AD7837/Ali7^?  be  decoupled  to  DGND 
using  a  10  ^.F  in  parallel  with  a  0.1  ftP  ceramic  capacitor. 

Operatkm  with  Rednced  Power  Supply  Voltages 

The  AD7837/AD7847  is  specified  for  operation  with  Vdd/Vss 
=±15  V\tt5%.  The  pi^-inay  be  operated  dowa  to  SjiB/Sf ss 
=  ±10  V  without  s^mmint  linearity  degradation.  See  typical 
performance  0^>hs.  TBe'ou^ut  amplifier  however  teqwies  ap- 
proximately 3  V  of  headroom  so  the  Vb£p  input  should  not  ap- 
proadi  within  3  V  of  eidier  power  supply  v^gesiiiuirdMr^'to 

mnititnitt  aCCUmCy. 

MICROPROCESSOR  INTERFACING-AD7847 

Figures  1 1  to  13  show  interfaces  between  the  AD7847  and  three 
popular  16-bit  microprocessor  systems,  the  8086,  MC68000  and 
the  TMS320C10.  In  all  interfaces,  the  AD7847  is  memoiy- 
mapped  with  a  separate  memory  address  far  each  DAC  latch. 

AD7847-8086  Interface 

Figure  11  shows  an  inter&ce  between  the  AD7847  and  the  8086 
microprocessor.  A  single  MOV  instruction  loads  the  12-bit  word 
into  the  selected  DAC  latch  and  the  output  responds  on  die  ris- 
ing edge  of  WR. 
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Figure  1 1.  AD7847  to  8086  Interface         i_ . 
AD7847-MC68000  Interface 

Figure  12  shows  an  interface  between  the  AD7847  and  the 
MC68000.  Once  again  a  single  MOVE  instruction  loads  the  12- 
bit  word  into  the  selected  DAC  latch.  CSA  and  CSB  are  AND- 
gated  to  provide  a  DTACK  signal  when  either  pAC  JUish  is^^g^  ■ 
selected.  '"  ' 


MICROPROCESSOR  INTERFACING-AD7837 

Figures  14  to  16  show  the  AD7837  configured  for  interfacing  to 
microprocessors  with  8-bit  data  bus  systems.  In  all  cases,  data  is 
right-justified  and  the  AD7837  is  memory-mapped  with  the  two 
lowest  address  lines  of  the  microprocessor  address  bus  driving 
the  AO  and  Al  inputs  of  the  AD7837.  Five  separate  memory 
addresses  are  required,  one  for  the  each  MS  latdi  and  one  for 
each  LS  latch  and  one  for  the  common  LDAC  input.  Data  is 
written  to  the  respective  input  latch  in  two  write  operations. 
Either  high  byte  or  Igw  byte  data  can  be  be  written  first  to  the 
input  hitch.  A  write  R>  the  AD7837  LDAC  address  transfers  the 
data  from  the  input  latches  to  the  respective  DAC  latches  and 
updates  both  analog  outputs.  Altemativeiy,  die  LDAC  i^nit  can 
be  asynchronous  and  can  be  common  to  a  aew^tA  AD7837s  for 
simultaneous  updating  of  a  number  of  vidtage  dimaels. 

AD7837-80S1/8088  Interface 

Figure  14  shows  the  connection  diagram  for  interfacing  the 
AD7837  to  both  the  8051  and  the  8088.  On  the  8051,  the  signal 
PSEN  b  used  to  enable  the  address  decoder  while  DEN  is  used 
ontheSOS'S. 


ADDITIONAL  PINS  OMITTED  FOR  CLARITY 


Figure  12.  AD7847  to  MCeSOOO  Interface 

AD7847-TMS320C10  Interface 

Figure  13  shows  an  interface  between  the  AD7847  and  the 
TMS320C10  DSP  processor.  A  single  OUT  instruction  loads  the 
12-bit  word  into  the  selected  DAC  latdh. 
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F^tm  13.  AD7847  to  TMS320C10  Interface 
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Figure  14.  AD7837  to  8051/8088  Interface 
AD7837-68008  Interface 

An  interface  between  the  AD7837  and  the  MC68008  is  shown  in 
Figure  15.  In  the  diagram  shown,  the  LDAC  signal  is  derived 
from  an  asynchronous  timer  but  this  can  be  derived  from  the 
address  decoder  as  in  the  previous  interface  diagram. 


ADDITIONAL  PINS  OMITTED  FOR  CLARITY 


Figure  IS.  AD7837  to  68008  Interface 
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AD7837/AD7847 


AD7837-6502/6809  Interface   

Figure  16  shows  an  interface  between  the  AD7837  and  the  6502   1 

or  6809  microprocessor.  For  the  6502  microprocessor,  the  <J>2  ?1  j 

clock  is  used  to  generate  the  WR,  while  for  the  6809  the  E  sig-  •  !  , 
nil  is  used. 
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2-692  DIGITAL-TO-ANALOG  CONVERTERS 


ANALOG 


1^  DEVICES 

.  1.1  ■  iti  i  

Cmnptete  14-Bit  DAC 

i-fi  ii':  .i.j:.;oj«(<AD-7i840 : 

FEATURES 

Complete  14-Bit  Voltage  Output  D^tC   ; .  i 
Parallel  and  Serial  InterfaesCapaMlitr  - 
80dB  Signal-to-Noise  Ratio 
Interfaces  to  High  Speed  DSP  Processors 
e.g.,  ADSP-2100,  TIVIS32010,  TMS32020 
45ns  min  WR  Pulse  Width        '  -""^ 
Low  Power  -  70mW  typ. 
OpwMM  from  ±SV  Supplies 


REF  OUT  REF  IN 


GENERAL  DESCKIPTION 

The  AD7840  is  a  fiet,  complete  14-bit  voltage  outpiit  D/A 
canvecter.  It  coosists  itf  a  14-bit  J3AC,  3V  buried  Zener  refer- 
ence, DAC  output  anqdifier  and  high  speed  control  logic. 

The  pan  features  double-bufieied  interface  logic  with  a  14-bit 
input  latch  and  14-bit  DAC  latch.  Data  is  loaded  to  the  input 
latch  in  either  of  two  modes,  pafaU^  or  serial.  This  data  is  then 
transferred  to  the  DAC  latch  under  control  of  an  asynchronous 
LDACsignal.  A&st  data  setup  time  al  21ns  allows  direct  paral- 
lel interfacing  to  digital  signal  processors  and  high  speed  16-bit 
micnqirocessQrs.  In  die  aerial  mode,  the  nuviimmi  serial  dda 
dock  rate  can  be  as  higb  as  6MHz. 

The  analog  output  from  the  AD7840  provides  a  bipolar  output 
range  of  ±3y.  The  Ap7840  is  fiUly  specified  for  dynamic  per- 
fofmaitce  fwameters'sueh  as  s^^Ho-noise  »do  and  harmonic 
distortion  as  well  as  for  traditional  dc  specifications.  Full  power 
output  signals  up  to  20kHz  can  be  created.  ■■- 

The  AD7840  is  fabricated  in  linear  compatible  CMOS         '  . 
(LC^MOS),  an  advanced,  mixed  technology  process  that  com- 
bines precision  bipolar  circuits  with  low  power  CMOS  logic. 
The  part  is  available  in  a  24-pin  plastic  and  hermetic  dual-in-line 
package  (DIP)  and  is  also  paclcaged  in  a  28-terminal  plastic 

leided'cl#  carrier  (PLCQ^  .  .  .  ' 

r  rt-  'I;:.,  -A  I'X-:  .^-jhi;' :' ■       ...  :v;., 

'K'l  H;    ./.tj.'Civ'j    ,        .v,a. '>''a 


LOAC 
C8/8fRlAL 
WR/SYNC 


INPUT  LATCH 


D13/80ATA  DO 

PRODUCT  mCHUGHTS 

1.  Complete  14-Bit  D/A  Function 

The  AD7g40  provides  the  complete-function  for  creating  ac 
signals  and  dc  voltages  to  14-bit  accuracy.  The  part  features 
an  on-chip  reference,  aii  output  buffer  amplifier  and  14-bit 
D/A  converter.  in( '  : mi  ^' 

2.  Dyaainic  Specifications  for  DSP  Users    "  '      _  : 
In  addition  to  traditional  dc  specifications,  dw  KDWVbM 
specified  for  ac  parameters  including  aignattiMioiae  nnie  aiid 
harmonic  distortion.  These  parametors  along  with  inqiAhalit 
timing  parameters  are  tested  on  every  device. 

3.  Fast,  Versatile  Microprocessor  Interface  i ; 
The  AD7840  is  capable  of  14-bit  paralldi  aAd  seniat  iavaibii- 
ing.  In  the  parallel  mode,  data  setup  times  of  21ns  and'  VMite 
pulse  widths  of  4Sns  make  the'AD7840  conqiatible  wi&  i 
modem  lfr<bit  mictbprocessors  and  (fi^id  signal  processors. 
la.  the  said  mode,  the  pan  features  a  high  dau  transfer  rate 


REV.  A 


AD7840-SPECIFICATI0NS 


(Von  =  +5V  ±5%,  Vss  =  -5V  ±5%,  AGND  =  DGND  =  OV,  REF  IN  =  +3V.  Rl 
=  2MI,  Cl  =  lOOpF.  All  specifications      to  T„,.  unless  otherwise  noted.) 


Parameter 


DYNAMIC  PERFORMANCE^ 
Signal  to  Noise  Ratio^  (SNR) 

i 

I  Total  Harmonic  Distortion  (THD) 
1 — 

Peak  Harmonic  or  Spurioiis  Koise 


DC  ACCURACY 
Resolution 
Integral  Nonlinearity 
Differential  Nonlineari^ 
Bipolar  Zero  Error 
Positive  Full  Scale  Error' 
Negative  Full  Scale  Error^ 


REFERENCE  OUTPUT* 
REF  OUT  @  +25°C 

REF  OUT  TC 
Reference  Load  Change 
(AREF  OUT  vs.  AI) 


REFERENCE  INPUT 
Reference  Input  Raii^  ' 

Input  Current 


LOGIC  INPUTS  acij 
Ing^  ^igh  VDltage»:\%^K  ' 
.Iii|nK.L(iw.yoItage,'.V)]itii  >- 
Iii|Mtt  Ciiizeiit,iIu»ir  .itU<    .. , 
Input  Current  (tS  Ii^t  Only) 
Input  Capacitance, 


ANALOG  OUTPUT  . 
NiOutput  Voltage  Range 
-de  Output  Impedance 

Short-Circuit  Current 


AC  CHARACTERISTICS' 
Voltage  Output  Settling  Time 
Positive  Full-Seale  Change 
Negative  FuU-Scale  Change 
Digital-to-Analog  Glitch  Impulse 
Digital  Feedthrough 


POWER  REQUIREMENTS 

Vdd 


Power  I^sipation 


J,  A' 


76 

-78 

-78 


14 

±2 

±0.9 

±10 

±10 

±10 


2.99 
3.01 

±60 

-1 


2.85 
3.15 


±10 
10 


±3 
0.1 
20 


4 
4 
10 
2 


+5 
-5 
14 
6 

100 


K,  B' 


78 


14 

±1 

±0.9 

±10 

±10 

±10 


2.99 
3.01 

±60 

-1 


2.85 
3.15 
50 


2.4 
0.8 

±10 
±10 
10 


±3 
0.1 
20 


4 
4 
10 
2 


+5 
-5 
14 
6 

100 


76 


-78 
-78 


14 

±2 

±0.9 

±10 

±10 

±10 


2.99 
3.01 
±60 

-1 


2.85 
3.15 
50 


2.4 

0.8 

±10 

±10 

10 


±3 
0.1 
20 


4 
4 
10 

2 


+5 
-5 
15 
7 

110 


Units 


dB  min 
dB  max 
dB  max 


Bits 

LSB  max 
LSB  max 
LSB  max 
LSB  max 
LSB  max 


V  min 

V  max 

ppm/°C  max 

mV  max 


V  min 

V  max 
|i,A  max 


V  min 

V  max 
M.A  max 
)xA  max 
pF  max 


V  Nom 
n  typ 
mA  typ 


fLS  max 
|xs  max 
nV  sees  typ 
nV  sees  typ 


V  nom 

V  nom 
mA  max 
mA  max 


Test  Conditions/Comments 


VouT=lkHz  Sine  Wave,  fsAMPLE  =100kHz 
Typically  82dB  at  +25°C  for  0  <VouT<20kHz'' 
VouT=lkHz  Sine  Wave,  fsAMPLE=  lOOkHz 
TypicaUy  -84dB  at  +25°C  for  0  <VouT«20kHz'*- 
VouT=lkHz  Sine  Wave,  fsAAiPi^=10»5H* 
Typica»^ij-»4aBMt  y8i^fc»i|^y<aif<?aOkHz* 


-.QilS^L&JJiiAMT  ,«»tS-«!20A  9..-. 

WW  Mb<S  fi^V  riir.i  ei'lb 
WmOK  -  -j.vo^  V  ■ 


Reference  Load  Current  Change  (O-S0O|jiA) 


3V  ±5% 


Vr,D=5V  ±5% 
Vdd=5V  ±5% 
V,N  =  OV  to  Vc 
=Vss  to  Vc 


Settling  Time  to  within  ±  1/2LSB  of  Final  Value 
Typically  2(is 
Typically  2.5|a8 


±5%  for  Specified  Performance 

±5%  for  Specified  Performance 

Output  Unloaded,  SCLK=+5V.  Typically  lOmAj 

Output  Unloaded,  SCLK=+5V.  Typically  4mA 

Tyirically  70mW 


NOTES 

'Temperature  ranges  are  as  foUows:  J,  K  Verauna,  0  to  +70^;  A,  B  Vmkrns,  S'C  to  +85^0!  S  Vasion,  -S5"C  i»  +125'C. 

'VouT(Pk-Pk)=±3V. 

^SNR  calculation  includes  distortion  and  noise  components. 
'Using  external  8ainple.<uid-hold  (see  Testing  the  AD7g40). 
'Measuzed  with  respea  to  REF  IN  and  includes  b^olar  tdfyet  aim. 

'For  capaciiive  loads  greater  than  50pF,  a  series  lenstnr  is  retuliej  (see  Internal  Re&Rnoe  aeciioiO. 
^Sample  tested  @  +2S°C  to  ensure  compliance. 
SpeaScsdam  subject  to  change  wittait  aadce. 
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REV.  A 


TIMING  CHARACTERISTICS 


1.2 


AD7840 


CVn  =  +5V  ±5%,  Vst  =  -5V  ±5%,  MNO  =  DSND  =  tl.) 


Limit  at  T„i„,  T„„ 

Limit  at  T„i„, 

 ■ —  — :rm 

Parameter 

(J,  K,  A,  B  Versions) 

(S  Version) 

Units 

Conditions/Comments  ' 

ti 

0 

0 

ns  min 

CS  to  WR  Setup  Time 

tj 

0 

0 

ns  min 

CS  to  WR  Hold  Time 

U 

45 

50 

ns  min 

WR  Pulse  Width 

21    ;;jaf  J  Ci  i'l'-  .ii 
10  toic^9Bm^  E  i 
40 

28 

ns  min 

Data  Valid  to  WR  Setup  Time 
Data  Valid  to  WR  Hold  Time 
LDAC  Pulse  Width 

15 

40 

ns  min 
ns  min 

50 

50 

ns  min 

SYNC  to  SCLK  FallingjEdge  - 

::: 

150  ,           .'  , , 
30  • 

40 

ns  min 
ns  min 

SCLK  Cycle  Time 

Data  Valid  to  SCLK  Setup  Time 

tio 

til 

75 
75 

100 

ns  min 

Data  Valid  to  SCLK  Hold  Time 

"  "%tr*e  to  sctJt«waTW 

NOTE 

'Timing  specifications  in  bold  print  are  100%  production  tested.  All  other  times  are  sample  tested  at  +2SX  to  ensure  compliance.  Alf 
speciiied  with  tr=  tf=  5ns  (10%  to  90%  of  SV)  and  timed  from  a  voltage  level  of  1.6V. 
'See  Figum  6  and  8.  i 
^SCLK  mark/space  ratio  is  40/60  to  60/40. 


ABsoLUTB  mmmmwfmB^ 

Vdd  to  AGND   * .   -0.3V  to  +7V 

Vss  to  AGND  +0.3V  to  -TV 

AGND  to  DGND  , ,  .;  .  ,-0.3V  to  Voj,  +0.3Y- 

VouT  to  AGND  Vss  to  Vdd 

REF  OUT  to  AGND  OV  to  Vdd 

REP  IN  to  AGND  -0.3V  to  Vdd  +0.3V 

Digital  Inputs  to  DGND  .  . .  ..  . .  . ;  }^$Vk^ii^>vt^$V 

Operating  Temperature  Range      '  ,      .,-<s;  • 

Commercial  (J,  K  Versions)  0  to  +70°C 

Industrial  (A,  B  Versions)  -25°C  to  +85°C 

Extended  (S  Version)  -55°C  to +125°C 

ESb  C^ieOcoStiiK  i&K^iui^l)  sora^  dximx.  The  (figital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  imconnected  devices  subject  to  high  energy  electro- 
static fidds.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  foam 
sBaridbeditcftaiged'tadicdwfeial^te.iWiaitwbifi^ 


Storage  Temperature  K^og/i  .  .  .  .,frj  ~^^§^tio,  +150^; 

Lead  Temperature  (Soldering,  lOsecV  '■•  <•(  +3Q0°C 

Power  Dissipation  (Any  Package)  t<j'+7S'C  .  .  .  !'?.  .'.  Usffinw' 
Derates  above  +75°C  by  .  i   .  ]iOmW/°G- 

^Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  inay  cause'' 
permaneot  damage  to  the  device.  This  is  a  stress  rating  only  and  fimctional 
'  opeti^XSa  of  the  device  at  these  or  any  other  conditions  above  those  listed  in 
the  ^Qpoationa]  sections  of  this  specification  is  not  implied.  Exposure 
'^&^td»aatt''iaHdiititta  ilKiiig^'p^pdUdiis 'fo  nrtrwWI  periods  may  affect 
device  reliability.  '■■ 


-  !  i  .-nOL  : 
./if 


.^...OWD^MNG  GUIDE 


Model' 

Temperature 
Range 

SNR 

(dB) 

Integral 
Nonlinearity 

(LSB) 

Package 
Option^ 

AD7840JN 

0  to  +70°C 

78  min 

±2  max 

N-24 

AD7840KN 

0  to  +70°C 

80  min 

±1  max 

N-24 

AD7840JP 

0  to  +70°C 

78  min 

±2  max 

P-28A 

AD7840KP 

0  to  +70"'C 

80  min 

±1  max 

P-28A 

AD7840AQ 

-ZrC  to  +85°C 

78  min 

±2  max 

Q-24 

AD7840BQ 

-25°C  to  -I-85X 

80  min 

±1  max 

Q-2|* 

AD1'840SQ' 

-S5°Ctofi-125^'' 

78  min 

±2  pm  i 

NOTES 

'To  order  MIL-STD-883,  Class  B  processed  parts,  add  /883B  to  pan 
Contact  your  local  sales  ofQee  for  military  data  sheet  ^nrf  ^ilahility 

=  Plastic  DIP;  P  =  Plastic  Leaded  Chip  Garner;  Q  =  Ceidq>.  For 
information  see  Package  Information  section. 

'This  gnde  irill  be  nailaUe  to  /883B  i""— *fng."t^ 


JclIlZI- 


BI0nMtTChANm@@CQNVEfiTER§  «^«96 


Pin 
Not 


FSn 

Mnemonic 


Fonetimi 


CySERIAL 


WR/SYNC 


D13/SDATA 


D12/SCLK 


Dll/FORMAT 


D9-D5 

DGND 


7-11 

12 

13-16  D4-D1 

17  V  ^iOBB  

18  Vdd 
AGND 


21 

22 

23 
24 


REFOUT 
REFIN 


diip  Select/Serial  Input.  When  driven  witb  necmal  logic  levels,  it  is  an  active  lowtogk  input  wM^  is 
used  in  conjunction  with  WR  to  load  pturalld  duta  to  the  input  latch.  For  applicatioo;  where  C5  is  penna- 
nently  low,  an  R,  C  is.required  for  correct  power-up  (see  LDAC  input).  If      iapi«4»  tied  to  Vgg,  it 
defines  the  AD7840  for  serial  mode  operation. 

Write/Frame  Synchronization  Input.  In  the  parallel  data  mode,  it  is  used  in  conjunction  with  CS  to  load 
parallel  data.  In  the  serial  mode  of  operation,  this  pin  functions  as  a  Frame  Synchronization  pulse  with 
serial  data  expected  after  the  falling  edge  of  this  signal. 

Data  Bit  1 3(MSB)/Serial  Data.  When  parallel  data  is  selected,  this  pin  is  the  D13  input.  In  serial  mode, 
SDATA  is  the  serial  data  input  which  is  used  in  d^itecticli       SYNC  and  SaJtia  tmisfer  aerial  data 
to  the  AD7840  input  latch. 

Daxn  Bit  12/Serial  Clock.  When  parallel  data  is  selected,  this  pin  is  the  D12  input.  In  the  serial  mode,  it 
is  the  serial  clock  input.  Serial  data  bits  are  latched  on  the  falling  edge  of  SCLK  when  SYNC  is  low. 

Data  Bit  U/Data  Format.  When  parallel  data  is  selected,  this  pin  is  the  DU  input.  In  serial  mode,  a  logic 
1  on  this  input  indicates  that  the  MSS  is  ^•fi^MaUdshjtiiiii'dieiaetial  data  stream.  A  logic  0  indicates 
that  the  LSB  is  the  first  valid  bit  (see  Table  I). 

Data  Bit  10/Data  Justification.  When  parallel  data  is  selected,  dlis  ^i|S  ^M}!^^IB^i^ki^sili^^SfSl^y  >ot 
this  input  controls  the  serial  data  justification  (see  Table  1). 

Data  Bit.9  to  Dau  Bit  5.  Parallel  data  inputs.  '< '     Tj'J{  /•  .« V  K/v 

Digital  Ground.  Ground  reference  for  digital  circuitry. 
08ta]|iit  4  to  Data  Bit  1.  Parallel  dau  inputs. 
Data  Bit  0  (L%P  9baM<^daia  mput. 

Positive  Supply,  +5V±  5%. 

Analog  Ground.  Ground  reference  for  DAC,  reference  and  output  buffer  amplifier. 

Analog  Output  Voltage.  This  is  the  buffer  amplifier  output  voltage.  Bipolar  output  range  (±3V  witil  RElP 

IN  =   +3V).  .,.  ;,J 

Negative  Supply  Voltage,  -5V  ±5%. 

Voltage  Reference  Output.  The  internal  3V  analog  reference  is  provided  at  this  pin.  To  operate  the 
AD7840  with  internal  reference,  REF  OUT  should  be  connected  to  REF  IN.  The  external  load  capability 
of  the  reference  is  SOOp-A. 

Voltage  Reference  Input.  The  reference  voltage  for  the  DAC  is  appUed  to  this  pin.  It  is  internally  buff- 
ered before  being  applied  to  the  D^^4^JW9|p^-ie£^|$gflej^]a^&r  cf^^^f^^mispisS^  AD7840 . 
is3V.  ■  

Load  DAC.  Logic  input.  A  new  word  is  loaded  into  the  DAC  latch  from  the  input  latch  on  the  falling 
edge  of  this  signal  (see  Interface  Logic  Information  section).  The  AD7840  should  be  powered-up  with 
LDAC  high.  For  applicatioiijl^heni  ^^^M'fi^itoanently  low,  an  R,  C  is  ee^piiteil  fiar  conea  power-up 
(see  Figure  19). 
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FORMAT 
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0 
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Ml 
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1 

M2 

1 

1 
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Table  I.  Serial  Data  Modes 
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D/A  SECTION 

The  AD7840  contains  a  14-bit  voltage  mode  D/A  converter  con- 
sisting of  highly  stable  thin  film  resistors  and  high  speed  NJVIOS 
single-pole,  double-throw  switches.  The  simplified  circuit  dia- 
gram for  the  DAC  section  is  shown  in  Figure  1 .  The  three 
MSBs  of  the  data  word  are  decoded  to  drive  the  seven  switches 
A— G.  The  llLSBs  switch  an  11-bit  R-2R  ladder  structure.  The 
output  voltage  from  this  converttif  Uri^e  same  polarity  'ils  tfae  ' 
reference  voltage,  REF  IN. 

The  REF  IN  voltage  is  internally  buffered  by  a  unity  gain  am- 
plifier before  being  applied  to  the  D/A  converter  and  the  bipolar 
bias  circuitry.  The  D/A  converter  is  configured  and  scaled  for  a 
3V  reference  and  the  device  is  tested  with  3V  applied  to  REF 
IN.  Operating  the  AD7840  at  reference  voltages  outride  the 
±  5%t^l5»flce  r^jgg  psy  j^suk  i^.^eg^a^jiwf^^ajfpe.lroTO^ 


f^iguKB  1.  DAC. LaMer  Structure 


INTERNAL  REFERENCE 

The  AD7840  has  an  on-chip  temperature  compensated  buried 
Zener  reference  (see  Figure  2)  which  is  factory  trimmed  to  3V 
±  lOmV.  The  reference  vokage  is  provided  at  the  REF  OUT 
pin.  This  reference  can  be  used  to  provide  both  the  reference 
voltage  for  the  D/A  converter  and  the  bipolar  bias  circuitry. 
This  is  achieved  by  camiecni^  the  REF  OUT  {rin  to  the  REF 
IN  pin  of  the  device. 

The  reference  voltage  can  also  be  used  as  a  reference  for  other 
components  and  is  capable  of  providing  up  to  SOOjiA  to  an  ex- 
ternal load.  The  maximum  recommended  capacitance  on  REF 
OUT  for  normal  operation  is  50pF.  If  the  reference  is  required 


for  external  use,  it  should  be  decoupled  to  AGND  with  a  200fl 
resistor  in  series  with  a  parallel  combination  of  a  10|xF  tantalum 
capacitor  and  a  0.1(jlF  ceramic  capacitor. 


Figure  2.  Internal  Be^renee 


EXTERNAL  REFERENCE 

In  some  applications,  the  user  may  reqake>a'sysfan.j£fta^ee  ' 
or.  some  oiimAaami$l:t«tetaics  to  drive,  tile' AD7840j'efie(ence' 
input.  Figure  3  stows  bow  the  ADS86  SV  irfotnce  can  6e 
conditioned  to  provide  the  3V  reference  required  by  the 
AD7840  REF  IN.  An  alternate  source  of  rdieience  voltage  for 
the  AD7840  in  systems  which  use  both  a  DAC  and  an  ADC 
is  to  use  the  REF  OUT  voltage  of  ADCs  such  as  the  AD7870 
and  A07S71.  A  oicuit  shoeing  this  arrangement  is  shown  in 
Figiae  20. 


•ADDITIONAL  PINS  OMITTED  FOR  CLARITY 


Figure  3.  AD586  Driving  AD7840  REF  IN 
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OP  AMP  SECTION 

The  output  from  the  voltage  mode  DAC  is  buffered  by  a  non- 
inverting  amplifier.  Internal  scaling  resistors  on  the  AD7840 
configure  an  output  voltage  range  of  ±  3V  for  an  input  reference 
voltage  of  +3\'.  The  arrangement  of  these  resistors  around  the 
output  op  amp  is  as  shown  in  Figure  1.  The  buffer  amplifier  is 
capable  of  developing  ±3V  across  a  2kn  and  lOOpF  load  to 
ground  and  can  produce  6V  peak-to-peak  sine  wave  signals  to  a 
frequency  of  20kHz.  The  output  is  updated  on  the  falling  edge 
of  the  LDAC  input.  The  amplifier  settles  to  within  1/2LSB  of 
its  final  value  in  typically  less  than  2. 5 pus. 

The  small  signal  (200mV  p-p)  bandwidth  of  the  output  buffer 
amplifier  is  typically  lMHz.  The  output  noise  from  the  ampli- 
fier is  low  with  a  figure  of  30nV/v'Hz  at  a  frequency  of  IkHz. 
The  broadband  noise  from  the  amplifier  exhibits  a  typical  peak- 
to-peak  figure  of  150|jlV  for  a  IMHz  output  bandwidth.  Figure 
4  shows  a  typical  plot  of  noise  spectral  density  versus  frequency 
for  the  output  buffer  amplifier  and  for  the  on-chip  reference. 
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Table  II.  l(l6Mnput^utpUg4!bde  Table 

The  output  voltage  can.  expressed  in  ttims  of  the  input  code, 
N,  using  the  following  ^qvession: 

2xNxREFIN  ' 

-  16384 


-8192  sNs -1-8191 


Figure  4.  Noise  Spectral  Density  vs.  Frequency 
TRANSFER  FUNCTION 

The  basic  circuit  configuration  for  the  AD7840  is  shown  in  Fig- 
ure 5.  Table  II  shows  the  ideal  input  code  to  output  voltage  re- 
lationship for  this  configuration.  Input  coding  to  the  DAC  is  2s 
complement  with  lLSBi-FS/16,384=6V/16,384  =  366(i,V; 


IXm,  Mil-..,-.  ■-. 
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■Migvi^  S.  AD7840  Basic  Connec^on  Df^gram 


INTERFACE  LOGIC  INFORMATION 

The  AD7840  contains  two  14-bit  latches,  an  input  latch  and  a 
DAC  latch.  Data  can  be  loaded  to  the  input  latch  in  one  of  two 
basic  interface  formats.  The  first  is  a  parallel  14-bit  wide  data 
word;  the  second  is  a  serial  interface  where  16  bits  of  data  are 
serially  clocked  into  the  input  latch.  In  the  parallel  mode,  CS 
and  WR  control  the  loading  of  data.  When  the  serial  data  for- 
mat is  selected,  data  is  loaded  using  the  SCLK,  SYNC  and 
SDATA  serial  inputs.  Data  is  transferred  from  the  input  latch  . 
to  the  DAC  latch  under  control  of  the  LDAC  signal.  Only  the 
data  in  the  DAC  latch  determines  the  analog  output  of  the 
AD7840.  ■  '  ■■.       wjUCN.  bJj-^j  •.■  , 

■  -—1,=  !^  !  ■'T- 

Parallel  Data  Format 

Table  III  shows  the  truth  table  for  AD7840  parallel  mode  opera-, 
tion.  The  AD7840  normally  operates  with  a  parallel  input  data 
format.  In  this  case,  all  14  bits  of  data  (appearing  on  data  inputs 
D13  (MSB)  through  DO_(LSB))_are  loaded  to  the  AD7840  input 
latch  at  the  same  time.  CS  and  WR  control  the  loading  of  this 
data.  These  control  signals  are  level-triggered;  therefore,  the 
input  latch  can  be  made  transparent  by  holding  both  signals  at  a 
logic  low  level.  Input  data  is  latched  into  the  input  latch  on  the 
rising  edge  of  CS  or  WR. 

The  DAC  latch  is  also  level  triggered.  The  DAC  output  is  nor- 
mally updated  on  the  falling  edge  of  the  LDAC  signal.  How- 
ever, both  latches  cannot  become  transparent  at  the  same  time. 
Therefore,  if  LDAC  is  hardwired  low,  the  part  operates  as  fol- 
lows; with  LDAC  low  and  CS_and  WR  high,  the  DAC  latch  is 
transparent.  When  CS  and  WR  go  low  (with  LDAC  still  low), 
the  input  latch  becomes  transparent  but  the  DAC  latch  is  dis- 
abled. When  CS  or  WR  return  high,  the  input  latch  is  locked 
out  and  the  DAC  latch  becomes  transparent  again  and  the  DAC 
output  is  updated.  The  write  cycle  timing  diagram  for  parallel 
data  is  sho^yn  in  Figure  6.  Figure  7  sho'virs  the  simplified  parallel 
input  cohlrol'  logic  fot  the  AD7840.'  ''  ' 
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Figure  7.  AD7840  Simplified  Parallel  Input  Control  Logic 


Serial  Sata^iFonsat 


The  seriaf  data  format  is  selectfed  foi  the  j^DfejH  by  connee 
the  Cf/SlRlAt,  line  to  -#.  "In  this  casei'  the^WRTSYNC; 
D13/SDATAi  D12/SCLK,  Dll/FORMAi' ^nd  DIO/JUSTIFY 
pins  all  assume  their  serial  ftmctions.  The'unused  parallel  inputs 
should  not  be  left  unconnected  to  avoid  noise  pickup.  Serial 
data  is  loaded  to  the  input  latch  under  control  of  SCLK,  SYNC 
and  SDATA.  The  AD7840  expects  a  16-bit  stream  of  serial  data 
on  its  SDATA  input.  Serial  data  must  be  Vdid°on  the  falling 
edge  of  SCLK.  The  SYNC  input  provides  the  frame  synchroni- 
zation signal  which  tells  the  AD7840  that  valid  serial  data  will 
be  available  for  the  next  16  falling  edges  of  SCLK.  Figure  8 
shows  the  timing  diagram  for  serial  data  format. 

Although  16  bitSofdata  tfe'aockeii'^ffe'IS?Alfr840;  only  14 
bits  go  into  the  input  latch.  Therefore,  twb  MBS  iii  the  stream 
grerdBHYwes  since  their  value  does  not  affect  the  input  latch 
ditMSftefelSWfer  and  position  in  which  the  AD7840  accepts 
the  14  bits  of  input  data  depends  upon  the  FORMAT  and 
JUSTIFY  inputs.  There  are  four  different  input  data  modes 
which  can  be  chosen  (see  Table  I  in:  the  Pin  Function  Ejescrip- 
tion  section).  '      |  ,-  -  ;  j  ,  . 

The  first  mode  (Ml)  assumes  tlit  tli JiRtitwo  TsitSjcWte-iiip*' 
dsta-stream- are  don't  cares,  tl;e  third  bit  is  the  LSB  and  the 
lait  («>l«h  Mt)  is  the  MSB.  ftis  mode  is  chosen  by jyii^ , 
both  the  FORiWAT  and  JUSTIFY  pins  to  a  logic  <).■  The 
second  mode  (M2;  FORMAT  =  0,  JUSTIFY  =  1)  assumes  that 
the  first  bit  in  the  data  stream  is  the  LSB,  the  fourteenth  bit  is 
the  MSB  and  the  last  two  bits  are  don't  cares.  The  third  mode 
(M3;  FORMAT=l,  JUSTIFY  =  0)  assumes  that  the  first  two 
bits  in  the  stream  are  again  don't  cares,  the  third  bit  is  now  the 
MSB  and  the  sixteenth  bit^is  the  LSB.  The  final  mode  (M4; 
FORMAT  =  1,  JUSTIFY=f  y  asgumes  that  thj;  first  bit  is  the  ,  , 
MSB,  the  fourteenth  bit  is. the  LSRand  the  last  two  biw-of  tljie^ 
stream  are  don't  cares.  ,      ■  „ 


As  in  the  parallel  mode,  the  LDAC  signal  controls  thS  loading  * 
of  data  to  the  DAC  latch.  Normally,  data  is  loaded  to  the  DAC 
latch  on  the  falling  edge  of  LDAC.  However,  if  LDAC  is  held 
low,  then  serial  data  is  loaded  to  the  DAC  latch  on  the  sixteenth 
falUng  edge  of  SCLK.  If  LDAC  goes  low  during  the  transfei-  of 
serial  data  to  the  input  latch,  no  DAC  latch  update  takes  place 
on  the  falling  edge  of  LDAC.  If  LDAC  stays  low  Until  the  serial' 
transfer  is  completed,  then  the  update  takes  place  on  the  six- 
teenth falling  edge  of  SCLK.  If  LDAC  returns  high  before  the 
serial  data  transfer  is  completec(,  no  DAC  latch  update  takes 
place.  Figure  9  shows  the  simplified, -sefial  input  control:  logic  for 
theAD7840.  '  , 
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Figure  8.  Serial  Mode.  Timing  Diagram 
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Figure  9.  AD79*0^^irpplifie(;l  Serial  Ippuf  Cqntrol  Logic 


AD7840  DYNAMIC  SPECIFICATIONS 
The  AD7840  is  specified  and  100%  tested  for  dynamic  peifoi- 
mance  specifications  as  well  as  traditional  dc  specifications  such 
as  integral  and  differential  nonlinearity.  These  ac  specifications 
are  required  for  the  signal  processing  applications  such  as  speech 
synthieps^  servo  control  and  h)gti.$peed  modems.  These  appto- 
tions  require  information  on:  the  DAC's  effect  on  the  spectral 
centeat  of  the  signal  it  is  creating.  Hence,  thctpwameters  for 
which  , the  AD78^  i»  q)ecified  indililte  s^nal-to-ooisc  ratio,  har- 
iiionic^stortioni«i4  pealc.hainionics.  Tbeae.^samve  dhvusiied 
in  mote.  detiHl  in  Ae  following  set^ons;    '  ■■ 

Signal-to-Noise  Ratio  (SNR) 

SNR  is  the  measured  signal-to-noise  ratio  at  fhe  output  of  the 
DAC.  The  signal  is  the  rms  nu^nhude  of  the  fiindamental. 
Nbise  » the  rms  stun  of  aQ  -die  nbiAtaidamehtal  signals  up  to 

the  sampling  frequency  (fslZ)  excluding  dc.  SNR  is  depen- 
dott  upon  the  number  of  quantization  levels  used  in  the  digiti- 
zation {Hocess;  the  more  levels,  the  smaller  the  quantization 
noise.  The  theoretical  signal  to  noise  ratio  for  a  sine  wave  output 
is  given  by 

SNR  =  (6.02N  +  1.76)dfi  (1) 

where  N  is  the  number  of  bits.  Thus  for  an  ideal  14-bit  con- 
vener, SNR  =  86dB. 


Figure  10  shows  a  typical  2048  point  Fast  Fourier  Transform 
(FFT)  plot  of  the  AD7840KN  with  an  output  frequency  of 
IkHz  and  an  update  rate  of  lOOkHz.  The  SNR  obtained  from 
this  graph  is  81.84B.  It  should  be  noted  that  the  harmonics  are 
taken  into  account  when  calculat^  p«!94R. 


ls  =  1MkHz 
1       SNRicSI  8dB 


ig^re  10.  AD7840  Ff^'PIci 


Effective  Number  of  Bits 

The  formula  given  in  (1)  relates  the  SNR  to  the  number  of  bits. 
Rewriting  the  formula,  as  in  (2),  it  is  possible  to  get  a  measure 
of  performance  expressed  in  effective  number  of  bits  (N). 
SNR  -1.76  '         -    -  - 

N=      6.02  ® 
The  effective  number  of  bits  for  a  device  can  be  calculated  di- 
rectly from  it»  !aie^i^d^9R^  •  .n 

Harmonic  Diatortion 

Harmonic  distortion  is  the  ratio    die  wm  l^tt  nf  harmonics  to 
the  fimdamental.  ~For  the  AD7g40,  mai  bano^E^disiBt^epn 
(THD)  is  defmed.as 


30 


THDr=-OT16g 
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where  V,  is  the  rms  amplitude  of  the  fundamental  and  Vj,  Vj, 
V4,  V3  and     are  the  rms  ampUtudes.  oLthcyiWOQd  tbrough  the 
sixthi  harmonic.  The  "tlO}  is  also-derfved  fis£'m  2S»ipmat 
FFT  plot. 

Peak  Harmonic  or  Spurious  Noise 

Peak  harmonic  or  spurious  noise  is  defined  as  the  ratio  of  the 
rms  value  of  the  next  largest  component  in  the  DAC  output 
spectrum  (up  to  fs/2  and  excluding  dc)  to  the  rms  value  of  the 
fundamental.  Normally,  the  value  of  this  specification  will  be 
determined  by  the  largest  harmonic  in  the  spectrum,  but  for 
parts  where  the  harmonics  are  buried  in  ibe  noise  floor  the  peak 
will  be  a  noise  peak. 

Testing  the  AD7840 

A  simplified  diagram  of  the  method  used  to  test  the  dynamic 
performance  specifications  is  outlined  in  Figure  11.  Data  is 
loaded  to  the  AD7840  under  control  of  the  microcontroller  and 
associated  logic  at  a  lOOkHz  update  rate.  The  output  of  the 
AD7840  is  applied  to  a  ninth  order,  50kHz,  low-pass  filter.  The 
output  of  the  filter  is  in  turn  applied  to  a  16-bit  accurate  digi- 
tizer. This  digitizes  the  signal  and  the  microcontroller  generates 
an  FFT  plot  from  which  the  dynamic  pafomiance  of  ite 
AD7840  can  be  evaluated. 
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F/gjfre  I'l.  JiJ}7840  Dyn^nfe^Wsffewiian^  Test  Ciieuit 


The  digitizeT  sampimgns  synchronized  with  the  AD7840  update 
rate  to  ease  FFT  calculations.  The  digitizer  samples  the  AD7840 
after  the  output  has  settled  to  its  new  value.  Therefore,  if  the 
digitizer. was  to.sample  the  output  directly  it  would  effectively 
be  sampling  a  4c  value  each  time.  As  a  result,  the  dynanac  per- 
formance of  the  AD7840  would  not  be  measured  correctly.  Us- 
ing the  digitizer  directly  on  the  AD7840  output  would  give  bet- 
ter results  than  the  actual  performance  of  the  AD7840.  Using  a 
filter  between  the  DAC  and  the  digitizer  means  that  the  digitizer 
samples  a  continuously  moving  signal  and  the  true  dynamic  per- 
formance of  the  AD7840  is  measured. 

Some  applications  will  require  improved  performance  versus 
finequency  from  the  AD7840.  In  these  applications,  a  simple 
sample-and-hold  circuit  such  as  that  outlined  in  Figure  12  will 
extend  the  very  good  performance  of  the  AD7840  to  20kHz. 


Figure  12.  Sample-and-Hoid  Circuit 

Other  apptitaitionrwOl  alr^y  have  an  inherent  sample-and- 
hold  function  following  tile  AD7840.  An  example  of  this  pype  of 
applicafibn  is  driving  a  switched-capacitor  filter  where  the  up- 
dating of  the  DAC  is  synchronized  with  the  switched-capacitor 
filter.  This  inherent  sample-and-hold  function  also  extends  the 
frequency        performance  of  the  AD7840. 


AD7840's  performance  ona:a  wide  range  ol  input  frequencies  aE 
an  update  ateof  lOeUiz.  The  pbX'ofl^giiqeli  is  withoDta  '  " 

14  is  geaauei  vadi  iiie  mofiB'aaSMAi^^^  on? 
dieou^iic. 


«» 

S  « 


-V„=-5V  - 
T»=2SX 


Figure  13.  Performm^v^ 
Sampie-and-Hold)  i    300  ■ . 


«» 


T„  =  25"C 


FREQUENCY  -  hHi 


Figure  14.  Pprfbrmanco  v&  Frequency  (with 
Sarrtple-and-Hold^'] 
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MICROPROCESSOR  INTERFACIN& 

The  AD7840  logic  architecture  aUows  fwotiiilleFferatig^tqstioiis  < .  ' 
for  iiuer&ciiig  the  part 'to'tniGn^di>«8sqr-sjrsteiiisi  It  dK»s  a  ' 
14-bit  wide  paralld  ifdemst  andarserial  formati  Etet^pq^  -  "  '^ ' 
widtfasmiddata$e^tsaies'a]la^ttieAD7g|0  to  iiMni£uie:dir  ' 
recti;  lb  most  micr(qtiltaessoamatiifi%^thdS>Klf^^  . 
ftikable  interfaces  taitorfenii  aaa'e^iMUBsaBfe  lim/dxammia^ 
Figures  15  to  23.  mo.'j'j 

Parallel  Interfacing 

Figures  15  to  17  show  interfaces  to  the  DSP  processors,  the 
ADSP-2100,  the  TMS32010  and  TMS32020.  An  external  timer 
controls  the  updating  of  the  AD7840.  Data  is  load^  to  the 
AD7S40  input  latch  iising  the  following  instructions: 

ADSP-2100  :  DM(DAC)  =  MRO 
TMS32010  :  OUT  DAC,D  i 
TMS32020  :  OUT  DAC,D  '  a 

MRO  =  ADSP-2100  MRO  Register 

D  =  Data  Memory  Addresrt  

DAC  =  AD7840  Address  ' 
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DMAO 
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WR 
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rallel  Interface 
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Figure  17.  AD7840  -  TMS32020  Parallel  lr)terface 

Some  applications  may  require  that  the  updating  of  the  AD7840 
DAC  latch  be  controlled  by  the  microprocessor  rather  than  the 
external  timer.  One  option  (for  double-buffered  interfacing)  is  to 
decode  the  AD7846  LDAC  from  the  address  bus  so  that  a  write 
operation  to  the  DAC  latch  (at  a  sepai^^ipl^  than  l^e  input 
latch)  updates  the  output.  An  examplfefflf^^B'shown  m  the 
8086  interface  of  Figure  18.  Note  that  ccWiitfl^  A#>U>AC 
input  to  the  CS  input  will  not  load  the  DUC  latch  cMrectly 
since  both  latches  cannot  be  transparent  at  the  same  time. 

AD7840  -  8086  Interface 

Figure  18  shows  an  interface  between  the  AD7840  and  the  8086 
microprocessor.  For  this  interface,  the  LDAC  input  is  derived 
from  a  decoded  address.  If  the  least  significant  address  line,  AO, 
is  decoded  then  the  input  latch  and  the  DAC  latch  can  reside  at 
consecutive >addresses.  A  move  instruction  loads  the  input  latch 
while  a  second  move  instruction  updates  the  DAC  latch  and  the 
AD7840  output.  The  move  instruction  to  load  a  data  wo^ 
WXYZ  to  the  input  latch  is  as  foUowrs: 

MOV  DAC,#YZWX 
DAC  =  AD7840  Address 


•WWOIpmL  im  OWTTEP  FOR  Guntv. 


^MXHmiuL  FMR  oMniD  noR  ounrv. 


F^re  is.  /^WtB  -'  W^lOlO  Parattol  InterUm 


Figure  18,  AD7840  -  8086  ParalM  tnterfyee 
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ADim  -  68000  Interface 

An  interface  between  the  AD7840  and  the  68000  microprocessor 
is  shown  in  Figure  19.  In  this  interface  example,  the  LDAC 
input  is  hardwired  low.  As  a  result  the  DAC  latch  and  analog 
output  are  updated  on  the  rising  edge  of  WR.  A  single  move 
instruction,  therefore,  loads  the  input  latch  and  updates  the 

output.  ^       ,.  i. 

MOVE.W  DO,$DAC  .V?+ 
DO  =  68000  DO  Register 
DAC  AD7840'Address 


DTACK 
AS 

lyw 


D15 
DO 


WORESSBUS 


ADDR 
DECODE 


D13 
00 


Figure  19.  AD7840  -  MC6S000  Parallel  Interface 
Serial  Interfacing 

Figui^  20 10  23  show  the  AD7840  configured  for  serial  interfac- 
ing with  the  CS  input  hardwired  to  -SV.  The  parallel  bus  is  not 

activated  during  serial  communication  with  the  AD7840. 

AD7S40  -  ADSP-2I0I/ADSP-2102  Serial  Interface 
Figure  20  shows  a  serial  interface  between  the  AD7840  and  the 
ADSP-2101/ADSP-2102  DSP  processor.  Also  included  in  the 
interfaix  is  the  AD7870,  a  12'bit  A/D  converter.  An  interface 

as  this  is  suilable  for  modem  and  other  appUcations  which 
have a'DAC'aii(l<aii  AI)C<te%cia^caaiAiii^iion>«iih«  '  i: 
microprocessor.  -  "        '•  ^ 

The  interface  uses  just  one  of  the  two  serial  ports  of  the 
ADSP-2101/ADSP-2102.  Conversion  is  initiated  on  the  AD7870 
at  a  fixed  sample  rate  (e.g.,  9.6kHz)  which  is  provided  by  a 
timer  or  clock  recovery  circuitry.  While  communication  takes 
place  between  the  ADC  and  the  ADSP-2101/ADSP-2102,  die 
AD7870  SSTRB  line  is  low.  This  SSTRB  line  is  used  to  provide 
a  fiame  synchronization  pulse  for  the  AD7840  SYNC  and 
ADSP-2101/ADSP-2102  TFS  lines.  This  means  that  communi- 
cation between  the  processor  and  the  AD7840  can  only  take  , 
place  while  the  AD7870  is  communicating  with  the  processoi^ 
This  arrangement  is  desirable  in  systems  such  as  modei^  where 
-At  DAC  and  ADC  commimication  should  be  syncbroncHis. 

The  use  of  the  AD7870  SCLK  for  the  AD7840  SCLK  and 
ADSP-2101/ADSP-2102  SCLK  means  that  only  one  serial  pon 
of  the  processor  is  used.  The  serial  clock  for  the  AD7870  must 
be  set  for  continuous  clock  for  correct  operation  of  this  interface. 


Data  from  the  ADSP-2101/ADSP-2102  is  valid  on  the  falling 
edge  of  SCLK.  The  LDAC  input  of  the  AD7840  is  permanently 
low  so  the  update  of  the  DAC  latch  and  analog  output  takes 
place  on  the  sixteenth  falling  edge  of  SCLK  (with  SYNC  low). 
The  FORMAT  pin  of  the  AD7840  must  be  tied  to  +5V  and  the 
JUSTIFY  pin  tied  lo-D6}in9#(*M  itterfilGe  n>  iqieriie  ' 
correctly. 


ADSP-2101/ 
ADSP-2102 


RFS 

SCLK 


2k        <  4.7k 


CONVST 


AD7870' 


SSTRB 
SCLK 


SDATA 
REF  OUT 
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SYNC 
SCLK 


CS 

A07840' 
LDAC 
JUSTIFY 


1  ■■  :         -AiiMtiatwiiiNNi wl mrnitftuiny - . ...r-v 

 ngtm-Xr  ComfrieaB  DA&ADC  SmM  kmrtHee 

AD7S40  -  DSPS6000  Serial  Interface 

A  serial  interface  between  the  AD7840  and  the  DSP56000  is 
shown  in  Figure  21.  The  DSP56000  is  configured  for  normal 
mode  synchronous  operation  with  gated  clock.  It  is  also  set  up 
for  a  16-bit  word  with  SCK  and  SC2  as  outputs  and  the  FSL 
control  bit  set  to  a  0.  SCK  is  internally  generated  on  the 
DSPS6000  and  appUed  to  the  AD7840  SCLK  input.  Data  from 
the  DSPS6000  is  valid  on  the  fiUling  edge  of  SCK.  The  SC2  out- 
put provides  the  framing  pulw  for  valid  datt.  This  line  must  be 
inverted  before  being  applied  to  the  SYNC  input  of  the 
AD7840. 


The  LDAC  input  of  the  AD7840  is  connected  to  DGND  so  the 
update  of  the  DAC  latch  takes  place  on  the  sixteenth  falling 
edge  of  SCLK.  As  with  the  previous  interface,  the  FORMAT  ' 
pin  of  the  AD7840  must  be  tied  to  -l-SV'knd  die  lUSTHPY^piii 
tied  to  DGND.  •  ,  1^  ■     <         i  ;.  'sr. 
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Figure  21.  AD7&W  -  DSPSSOOO  StfUt  Imarfyee 
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AD7840  -  TMS32020  Serial  Interface 

Figure  22  shows  a  serial  interface  between  the  AD7840  and  the 
TMS32020  DSP  processor.  In  this  interface,  the  CLKX  and 
FSX  pin  of  the  TMS32020  are  generated  from  the  clock/timer 
circuitry.  The  same  clock/tiiner  ciruiitry  generates  the  LDAC 
signal  of  the  AD7840  to  synchronize  the  update  of  the  output 
with  the        tr^iDSBjiissim.  The  F$X^ii!i9^j]f#eqPlS32020 
must  be  configured  as  an  input. 

Data  from  the  TMS32020  is  valid  on  the  falling  edge  of  CLKX. 
Once  again,  the  FORMAT  pin  of  the  AD7840  must  be  tied  to 
+SV  «diile  tbk  JtJSl^  ^mm  hi  tied  to  DGND. 
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AD7840  -  NEC7720  Senal  Interface 

A  serial  interface  between  the  AD7840  and  the  NEC7720  is 
shown  in  Figure  23.  The  serial  clock  must  be  inverted  before 
being  applied  to  the  AD7840  SCLK  input  because  data  from  the 
processor  is  valid  on  the  rising  edge  of  SCK. 

The  NEC7720  is  programmed  for  the  LSB  to  be  the  first  bit  in 
the  serial  data  stream.  Therefore,  the  AD7840  is  set  up  with  the 
FORMAT  pin  tied  to  DGND  and  the  JUSTIFY  pin  tied  to 
+5V. 
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APPLYING  THE  AD7840 

Good  printed  circuit  board  layout  is  as  important  as  the  overall 
circuit  design  itself  in  achieving  high  speed  converter  perfor- 
mance. The  AD7840  works  on  an  LSB  size  of  366^.V.  There- 
fore, the  designer  must  be  conscious  of  minimizing  noise  in  both 
the  converter  itself  and  in  the  surroimding  circuitry.  Switching 
mode  power  suppUes  are  not  recommended  as  the  switching 
spikes  can  feed  through  to  the  on-chip  amplifier.  Other  causes 
of'conoarii  are  groimd  loops  and  digital  feedthrough  from  micrO' 
processors.  These  are  factors  which  influence  any  hi^  perfor- 
mance converter,  and  a  proper  PCB  layout  which  minimizes 
these  effects  is  essential  for  best  performance. 

LAYOUT  HINTS 

Enawe  jthot  the  lay<ni^j|gr;:ki;  i!iii|t'>4  circuit  board  has  the  digi- 
tal and  analog  lines  separated  as  mndi  as  possible.  Take  care  not 
to  nm  any  digital  track  alongside  an  anal<%  signal  track.  Estab- 
lish a  single  point  analog  groimd  (star  groimd)  separate  from  the 
logic  system  ground.  Place  this  star  ground  as  close  as  possible 
to  die  AD7840  as  shown  in  Figure  24.  Coimect  all  analog 
grounds  to  this  star  ground  and  also  coimect  the  AD7840 
DGND  pin  to  this  ground.  Do  not  connect  |myt)g^||SKjcy^td 
grounds  to  this  analog  ground  point. 

Law  inqiedance  analog  and  digital  power  supply  common 
returns  are  essential  to  low  noise  operation  of  high  performance 
convertea.  Therrfore,  the  foil  width  for  these  tracks  should  be 

a»W|dbtM  po«abl«.  The  use  of  groimd  planes  mhutStbSBB 
impeia^UfHSa  and  also  guards  the  analog  circuitry  fiom  digi- 


tal  noise.  The  circuit  layouts  of  Figures  27  and  28  have  both 
analog  and  digital  ground  planes  which  are  kept  separated  and 
only  joined  at  the  star  ground  close  to  the  AD7840. 

NOISE 

Keep  the  signal  leads  on  the  Vqut  signal  and  the  signal  return  ^ 
leads  to  AGND  as  short  as  possible  to  minimize  noise  coupling.  ' 
In  applications  where  this  is  not  possible,  use  a  shielded  cable 
between  the  DAC  output  and  its  destination.  Reduce  the  groimd 
circuit  impfdanfr  at  much  as  possiUe  since  any  potential  differ- 
ence in  grounds  between  the  DAC  and  its  destination  device 
appears  as  an  error  voltage  in  series  with  the  DAC  output. 


+6V     GND  -SV 


AOND    Vu      Voo  DGND 

AD7S40 


Figure  24.  Power  Supply  Grounding  Practice 
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DATA  ACQUISITION  BOARD 

Figuie  2S  shows  the  AD7840  in  a  data  acquisition  circuit.  The 
corresponding  printed  circuit  board  (PCB)  layout  and  silkscreen 
are  shown  in  Figures  26  to  28.  The  board  layout  has  three  inter- 
face ports:  one  serial  and  two  parallel.  One  of  the  parallel  ports 
is  directly  compatible  with  the  ADSP-2100  WlteW^faaBrd  V 
expansion  connector. 

Some  systems  will  require  the  addition  of  a  re-construction  filter 
on  the  output  of  the  AD7840  to  complete  the  data  acquisition 
system.  There  is  a  component  grid  provided  near  the  analog 
output  on  the  PCB  which  may  be  used  for  such  a  filter  or  any 
other  output  conditioning  circuitry.  To  facilitate  this  option, 
there  is  a  shorting  plug  (labeled  LKl  on  the  PCB  )  on  the  ana- 
log output  track.  If  this  shorting  plug  is  used,  the  analog  output 
connects  to  the  output  of  the  AD7840;  otherwise  this  shorting 
plug  can  be  omined  and  a  wire  link  used  to  connect  th«  analog 
output  to  the  PCB  component  grid. 

The  board  also  contains  a  simple  sample-and-hold  circuit  which 
can  be  used  on  the  output  of  the  AD7840  to  extend  the  very 
good  performance  of  the  AD7840  over  a  wider  frequency  range. 
A  second  wire  link  (labelled  LK2  on  the  PCB)  connects  Vq^.j' 
(SKTl)  to  either  the  output  of  this  sample-and-hold  circuit  or 
directly  to  the  output  of  the  AD7840. 

INTEKt  ACE  CONNECTIONS  I   '  ' 

There  are  two  parallel  connectorsi  labded  SKT4  and  SKT6, 
and  one  serial  CQonector^  labeled  SKTS.  A  shorting  plug  option 
(LK8  in  Figuie  25)  on  the  AD7840  CS/SERIAL  input  config- 
mes  the  DAC  for  the  appropriate  interface  (see  Pin  Function 
Description). 

SKT6  is  a  96-contact  (3-row)  Eurocard  connector  which  is 
directly  conqntible  with  the  ADSP-2100  Evaluation  Board  Pro- 
totype Eqxmsion  Connector.  The  eqxmsion  connector  on  die 
ADSP-2100  Ims  eight  decoded  diip  enable  pu^ts  labeled  ECEl 
to  ECE8.  ECE6  is  used  to  driM  the  MWiM  CS  input  <m  the 
data  acquisition  board.  To  avoid  nrlming  on-boaid  sockets  at 
ibe  same  time,  LK6  on  the  ADSP-2100  boaid  must  be 
lemoved.  The  AD7840  and  ADSP-2100  data  lines  are  aligned 
for  left  justified  data  tran^r. 

SKT4  is  a  26-way  (2-row)  IDC  connector.  This  connector  con- 
tains the  same  signal  contacts  as  SKT6  and  in  addition  contains 
decoded  R/W  and  STRB  inputs  which  are  necessary  for 
TMS32020  interfacing.  This  decoded  WR  can  be  selected  via 
LK4.  The  pinout  for  this  connector  is  shown  in  Figure  29. 

SKTS  is  a  nine-way  D-type  connector  which  is  meant  for  serial 
interfacing  only.  The  evaluation  board  has  the  facility  to  invert 
SYNC  line  via  LK7.  This  is  necessary  for  serial  interfacing 
between  the  AD7840  and  DSP  processors  such  as  the  DSPS6000. 
The  SKTS  pinout  is  shown  in  Figure  30. 

SKTl,  SKT2  and  SKT3  are  three  BNC  connectors  which  pro- 
vide connections  for  the  analog  output,  the  LDAC  input  and  an 
external  reference  input.  The  use  of  an  external  reference  is 
optional;  the  shorting  plug  (LK3)  connects  the  REF  IN  pin  to 
either  this  external  reference  or<la  tS^^HTSfO's  own  inletnal 
reference. 

Wire  links  LKS  and  LK6  connect  the  Dll  and  DIO  inputs  to 
die  dan  lines  for  parallel  operation.  In  the  serial  mode,  these 
links  allow  the  user  to  seiea  the  tequiied  fixmat  and  imtifiGa-  ' ' 
tion  for  serial  data  (see  Table  I). 


POWER  SUPPLY  CONNECTIONS 

The  PCB  requires  two  analog  power  suppUes  and  one  SV  digital 
supply.  Connections  to  the  analog  supplies  are  made  directly  to 
the  PCB  as  shown  on  the  silkscreen  in  Figure  26.  The  connec- 
tions are  labelled  V-l-  and  V-  and  the  range  for  both  of  these 
supplies  is  12V  to  ISV.  Coimection  to  the  SV  digital  supply  is 
made  tlirough  any  of  the  coimectors  (SKT4  to  SKT6).  The 
-SV  analog  supply  required  by  the  AD7840  is  generated  from  a 
voltage  r^ulator  on  the  V-  power  supply  input  (ICS  in 


25). 


SHORTING  PLUG  OPTI^^'^* 

There  arenght  shorting  plu^  options  which  ihuu  be  set  b^re 
using  the  board.  These  are  outlined  below: 

LKl      Connects  the  analog  output  to  SKTl.  The  analog  out- 
put may  also  be  connected  to  a  component  grid  for 
signal  conditioning. 

LK2      Selects  either  the  AD7840  Vqut  t  sample-and- 
hold  output. 

Selects  either  the  internal  or  external  reference. 


LK3 
^  LK4 

LKS 

-HK6 

LK7 
LK8 


Selects  the  decoded  R/W  and  STRB  inputs  for 
TMS32020  interfacing. 

Configures  the  Dll/FORMAT  input. 

Configures  the  Difo/JUSTIFY  i^0t. 


Selects  either  the  inverted  or  noninverted  SYNC. 
Selects  either  parallel  or  serial  intet&diig. 


COMPONENT  LIST 

ICl 

IC2  . 

IC3 

IC4 

ICS 

IC6 

C1,C3,  CS,  C7, 
Cll,  C13,  CIS,  C17 

C2,  C4,  C6,  C8, 
C12,  C14,  C16,  C18 

C9 

CIO 

Rl,  R2 

R3 

RPl,  RP2 

LKl,  LK2,  LK3, 
LK4,  LKS,  LK6, 
LK7,  LK8 

SKT1,-.SKT2,  SKT3 

SKT4''^  . 

SKTS 

SKT6 


AD7840  Digital-to-Analog  Converter 

AD711  Op  Amp 

ADG201HS  High  Speed  Switch 

74HC221  Monostable 

79L0S  Voltage  Regulator 

74HC02 

lOiiF  Capacitors 

O.IfjuF  Capacitors 
330pF  Capacitor 
6^F  Capaqtor 
2.2kn  Resistors 
ISkfl  Resistor 
lOOkfl  Resistor  Packs 

Shorting  Plugs 


9-Contact  D-Type  Connector 

96-Contact  (3-Row)  Eurocard 
Connector 


BEV:  M 
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Figure  26.  PCB  Silksereen  for  Figure  2S 


2-706  DIGITAL-TO-ANALOG  CONVERTERS 


REV. 


_  AO7M0 


COMPONENT  SIDE 

%urs  27.        C^g^piMisnt  Side  Layout  for  Figure  2S 


SOLDER  SIDE 
Figure  28.  PCSB:i§M»r  Side  Layout  for  Figure  25 
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D4 
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5V 
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0© 
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WR 

NC 

NC 

013 
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Figure  29.  SKT4,  IDC  Connector  Pinout 


Figure  30.  SKT5,  D-Type  Connector  Pinout 


REV.  A 


ANALjOG 
DEVICES 


LC^MOS 

Complete  12-Bit  Multiplying  DAC 


AD7845 


FEAWM6 

llS^lt  €MPS  MDAC  with  Oulput  Amplifier 
4-auadrant  Muitipiieation 
Guaranteed  Monotonic  (TMng'to  Tmax) 
Space-Saving  0.3"  DiPs  and  24-  or  28-Terminal  Surface 

Mount  Paci<ages 
Appiication  Resistors  On  Chip  for  Gain  Ranging,  etjL 
Low  Power  LC^S  •>■] 

APPUCATiONS  I  "'^l 

Automatic  Test  Equipment  '*' 
Digitai  Attenuators 
Programmable  Power  Supplies 
Programmable  Gain  Amplifiers 
Digital-to-4-20  mA  Converters 


FUNCTIONAL  BLOCK  DIAGRAM 


GENERAL  DESCRIPTION 

The  AD784S  is  the  industry's  first  4-quadrant  multiplying  D/A 
converter  with  an  on-chip  amplifier.  It  is  fabricated  on  the 
LC^MOS  process,  which  allows  precision  linear  components  and 

digital  circuitry  to  be  implemented  on  the  same  chip. 

The  12  data  inputs  drive  latches  which  are  controlled  by  stan- 
dard CS  and  WR  signals,  making  microprocessor  interfacing 
simple.  For  stand-alone  operation,  the  CS  and  WR  inputs  can 
be  tied  to  groimd,  making  all  latches  transparent.  AUdi|^f-iil»^ 
puts  are  TTL  and  5  V  CMOS  compatible.  "  ~^ 

The  output  amplifier  can  supply  ±  10  V  into  a  2  kil  load.  It  is 
internally  compensated,  and  its  input  offset  voltage  is  low  due  to 
laser  trimming  at  wafer  level.  For  normal  operation,  Rpg  is  tied 
to  Vonni       the  user  may  alternatively  choose  R^,  Rq  or  R^  to 
scale  tte  ouiputTOlBigp!Hjtige.  t  •;>,  ■•-^ 


VjB,^ 


12-Brr 

DATA  LATCH 


CONTROL 

LOGIC 

— JiHS— ©-3— -H 


—3 


DBO       DGND  CS 

I  ■ 

PRODUCT  HIGHLIGHTS  -( 

1.  Voltage  Output  Multiplying  DAC  ■  -  ' 
The  AD7845  is  die  first  DAC  which  has  a  full  4-quadraii(^ 
multiplying  capability  and  an  output  amplifier  on  chip.  AIL 
specifications  include  amplifier  perfoianiKe. 

2.  Matched  Application  Resistors 

Three  application  resistors  provide  an  easy  facility  for  gain 
ranging,  voltage  offsetting,  etc. 

Space  Saving 

The  AD7845  saves  space  in  two  ways.  The  integration  of  the 
output  amplifier  on  chip  means  that  chip  count  is  reduced. 
The  part  is  housed  in  skirmy  24-pin,  0.3"  DIP,  28-terminal 
LCC  and  PLCC  and  24-terminal  SOIC  t 


tW3rrAi»m-AfmmcmmxTms  s-rm 


ResotudOD 

Relative  Accuracy 
at  +25°C 
Tmin  to  Tjmx 
Diffdtntial  Ncolioearity 
Zero  Code  Ofbet  Error 
It  +B«C 
Tmin  w  Tmax 

Offset  Temperature  Coefficient; 
(AOfliet/ATemperalure)^ 


Gajn  "^nnpainive  Coefficient; 
jCAGi^Tempennire)' 


tl/2 
t3/4 
tl 

tl 

t3 

tS 
t3 
t6 
►6 


tl 
bl 


:I/2 

!l 

bl 


LSB  max 
LSBmax 
LSB  max 

mV  max 

mV  max 

|iV/°Ctyp 
LSB  max 
LSB  max 
LSB  max 
LSB  max 

ppmofFSR/°C 
typ  


1  LSB  =  ^=  2.4mV 


All  Grades  Are  Guaranteed 
Monotonic  over  Temperature 
DAC  Register  Loaded  with 
Alios. 


Ri^i  VouT  Connected 

Rc,  VoiTT Connected, ViiBF=  +5  V 

Rs.  VouT  Connected,  VMr=  +5  V 

R*. VouT  Connected,  V™=  +2.S\ 


REFERENCE  INPUT 
Input  Resistance,  Pin  17 


kn  min 
kAmax 


Typical  Input  Resjstuice  *  12  kn 


APPLICATION  RESISTOR 
RATIO  MATCHING 


%  max 


MildliilgBellieenRA.  italic 


DIGITAL  INPUTS 
Vni  (Input  High  Voltage) 
ViL  (Input  Low  Voltage) 
IlN  (Input  CuETem) 
Cpf  (Iiqjut  CjpMitanne)' 


V  min 

V  nux 
(lA  max 
pF  max 


D^Jal  &9ila  «  0  V  and  Vq) 


POWER  SUPPLT* 
Vdd  Range 
Vss  Range 

Power  Supply  Rejection 
Aaiin/AVDD  ./  . 

Idd 


14.25/15.75 
-14.25/- 15.75 


14.25/15.75 
-14.25/-15.75 

±0.2 
*0.2 
10 
4 


14.25/15.75 
-14.25/- 15.75 

±0.2 

w  • 

4 


14.25/15.75 
-14.25/- 15.75 

±0.2  r 

±0.2 

10 

4 


14.25/15.75 
-14.25/- 15.75 

.±0.2, 
±0J 
10 


14.25/15.75 
-14.25/-15.75 

±0.2 
±0.2 
10 
4 


V  min/V  nuut 

V  min/V  max 

%per%max 
%  per  %  max 
mA  max 
inA  max  .. 


Vi,D=+15  V±5%,V„ 
Vss  =  -15  V  ±  5%. 


AC  PERFORMANCE  CHARACTERISTICS 

These  characteristics  are  Included  fdf  Design  Guidance  and  are  not  suhjact  ts  test 


•lV»,  11 

■ : 

>>ji  irt" 

a:-  ii'l 

1  si  Jji;'4  .'1 

s 

5 

lis  max 

To  0.01%  of  Full-Scale  Range. 

•  {r.n 

'.  ^'Hrr 

Vqut  Load  =  2  kn,  100  pF. 
DAC  Register  A11«nai4^^^oaded>> 

!'        •  -"O 

-  ■ 

■•"  ••  .  ,^ 

widi  All  Os  and  AU  li.  lyf^cill; . 

2.5  M.S  at  25°C. 

Slew  Rate 

7 

7 

7 

7 

7 

7 

V/iis  typ 

VouT  Load  =  2  Ml,  100  pF. 

Digital-to- Analog 

450 

450 

450 

450 

450 

450 

nV-s  typ 

Measured  with  Vref  =  0  V. 

GUtch  Impulse 

DAC  Register  Alternately  Loaded 
with  All  Os  and  All  Is. 

Mnliip^ring  FafUiMv^ 

i 

s 

S 

5 

5 

5 

mV  p-p  [yp 

Vkef  =  ±10V,  10  kHz  Sine  Wave 

Enor' 

DAC  Register  LoKled  with  All  Os. 

Unity  GiiiiSMinWNf 

BandKidlh 

m 

600 

eoo 

600 

600 

600 

kHz  typ 

VouT>  Rfb  Connected.  DAC  Loaded 
with  All  Is.  Vref  =  100  mV  p-p 
Sine  Wave. 

Full  Power  Bmdwidtfa 

250 

2S0 

2S0 

2S0 

250 

250 

kHz  typ 

VouTiRpBCoimected.  DAC  Loaded 
widi  All  Is.  Vret  =  20  V  p-p 
Sine  Wave.  Rl  =  2  kn. 

Total  Harmonic  Dtstonko 

-90 

-90 

-90 

-90 

-90 

-90 

dB  typ 

Vref  =  6  V  rms,  1  kHz  Sine  Wave. 

OlITFD!r  CHARACTBaSnO 

5 

Open  Loop  Giin 

85 

8S 

85 

85 

85 

85 

dB  min 

VocTi  Rfb  ^ot  Cwincaetl 
Votrr=  ±10V,Rt  =  21in 

Output  Volnige  Swing 

±10 

±10 

±10 

±10 

±10 

±10 

V  min 

Ri.=  2kn,CL-  lOOpF 

Output  ReMsanoe 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

ntyp 

'^FB*  ^ouT  Connected^ 

Slurt  Gmiit  Comnt  @  +25^ 

IS 

15 

IS 

IS 

15 

15 

mA  typ 

VouT  Shorted  to  AGND 

Output  Noise  Vohage 

Includes  Noise  Due  to  Oaqiut 

(O.IHzuI(ai:)@  +2S<C 

2 

2 

2 

2 

2 

2 

(iV  rms  ryp 

Amplifier  and  Johnson  Noite 

f  =  lOHx 

■m 

250 

2S0 

250 

2S0 

250 

nVVHz  typ 

ofRpB 

f  =  100  Hz 

100 

100 

100 

100 

100 

100 

nVv^  typ 

f-  1  kHz 

so 

SO 

SO 

SO 

SO 

50 

nVVRz  typ 

f  =  lOkHz 

so 

so 

SO 

so 

SO 

SO 

nVVffitjp 

f=  100  kHz 

so 

SO 

SO 

so 

SO 

SO 

nVv^QP 

>  +7CPCt  A.  B  Vm 


^OTES 
^Eisinpcii 

metal  lid  on  die  ceramic  D-24A  package  is  connected  to  Pin  12  (DGND). 
^tle  device  ii  l^etl^iMilli^  *  pemr^^^  of  ±12  V. 
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Parameter 

Limit  at 

Ta  =  +25'': 

Limit  at 

.   0  +85°C 

Limit  at 

=  -55°C 
to  +125^C 

Units 

Test  Conditions/Comments 

tcs 

IIS  inin 

Chip  jSdcct  to  Write  Seti^  Xune 

tcH 

0 

0 

0 

ns  min 

Chip  Select  to  Write  Held  Time 

twR 

100 

135 

140 

ns  min 

Write  Pulse  Width 

tos 

100 

100 

120 

ns  min 

Data  Setup  T^os 

20  'J,. 

20 

ns  min 

Data  H(^t£^KI> 

Specifications  subjKt  to  ^laiigli  without  notice. 

ABSOLUTE  MAXIMUM  RATINGS* 

(T^  =  +25'*C  unless  otherwise  stated) 

Vdd  to  DGND   -0.3  V  to  + 17  V 

Vss  to  DGND  +0.3  V  to  - 17  V 

Vrep  K)  AGND  ....  7  ...  ±25  V 

Vrfb  to  AGND  ±25  V 

Vra  to  AGND  ±25  V 

Vrb  to  AGND  ±25  V 

Vrc  to  AGND  ±25  V 

VouT  to  AGND'  Vdd  +0-3  V,  Vss  -0-3  V 

AGND  to  DGND   -0.3  V,  V^d 

Digital  Input  Voltage  to  DGND  ....  -0.3  V  to  V^d  +  0-3  V 
Power  Dissipation  (Any  Package) 

To  +75°C  .  :■. . .  .'.  .  ....... ;-.  \  ;  .  «5&mW 

"Da««atB«ii'#SS*C   .lOmWAt 


Operating  Temperature  Range  ["-fl 

Commercial  (J,  K  Versions)  0  to  +70°C 

Industrial  (A,  B  Versions)   -25°C  to  +85°C 

Extended  (S,  T  Versions)  -55°C  to  +125°C 

Storage  Temperature  Range   ■  .  .  .  -^0X^  to  +150°C 

Lead  Temperatiure  (Solderingj  10  sec)  +300°C 

NOTE 

'Vqut  nuy  be  shorted  to  AGND  jitovided  that  ^  pona  dissipatian  of  the 
package  is  not  exceeded. 

'Stiesaes  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  Pactional 

operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  sections  of  this  specification  is  not  implied.  Exposure  to 
absolute  mavimnm  rating  conditions  for  extended  periods  of  time  may  affect 
device  celiahility.  one  Absolute  Maximiun  Rating  may  be  applied  at  any 
one  time. 


CAUTION   

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  foam 
should  be  discharged  to  the  destination  socket  before  devices  are  removed. 


WARNING! 


SD  SENSITIVE  DEVICE 


ORDQUNG  GUIDE' 


Relative 

Package 

Range 

Accuracy 

Option^ 

AD7845JN 

0°C  to  +70°C 

±1  LSB 

N-24 

AD7845KN 

0°C  to  +70°C 

±1/2  LSB 

N-24 

AD7845JP 

0°C  to  +70°C 

±1  LSB 

P-24A 

AD7845KP 

0°C  to  +70°C 

±1/2  LSB 

P-24A 

AD7845JR 

0°C  to  +70°C 

±1  LSB 

R-24 

AD7845KR 

0°C  to  +70°C 

±1/2  LSB 

R-24 

AD7845AQ 

-25°C  to  +85°C 

±1  LSB 

Q-24 

AD7845BQ 

-25°C  to  +85°C 

±  1/2  LSB 

Q-24 

AD7845SQ/883B 

-55°Cto  +125°C 

±1  LSB 

Q-24 

AD7845TQ/883B 

-55°C  to  +125°C 

±  1/2  LSB 

Q-24 

AD7845SE/883B 

-55°Cto  +125°C 

±1  LSB 

E-28A 

NOTES 

'Analog  Devices  reserves  the  right  to  ship  either  ceramic  CD-24A)  or  cerdtp. 

(Q-24)  hermetic  packages.  •  ~ 

^To  order  MIL-STD-883,  Class  B  processed  parts,  add  /883B  to  part 

number. 

'E  =  Leadless  Ceramic  Chip  Carrier;  N  =  Plastic  DIP;  P  =  Plastic  Leaded 
Chip  Canier;  Q  =  Cerdip;  R  =  SOIC.  For  outline  information  see 
Package  Infmmation  section. 
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NOTES  '  -  ■  -  ■  i' •■ 

1.  AU  INPUT  SIGNAL  RISE  AND  FALL  TIMES  MEASURED  FROM 
10%to90%of +5V.  tn=tF=»linf'.  -.-r 


Figure  7.  AD7845  Timing  Piagram 
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LEAST  SIGNIFICANT  BIT 

This  is  the  analog  wei^ting  of  I  bit     the  digital  woid  in  a 
DAaForiheMS®il5,Hi»«^^^- 

RELATIVE  ACCURACY 

Relative  accuracy  or  endpoint  nonlinearity  is  a  measure  of  tli£ 
mavimiiin  deviation  from  a  straight  line  passing  through  the 
endjoints  of  the  DAG  );ninsfer  Amotion.  It  is  measured  after 
adju^ii^for  botlLeiu^piaints  (i.e.,  offset  and  gain  error  are  ad- 
justed out)  and  is  norimUy  Bypremrai  in  ibast  jjgnifirpiit  biia  or 
as  a  percentage  of  Mfeseiie  N«g^. 

DIFFERENTIAL  NONLINEARITY 

Differential  nonlinearity  is  the  difference  between  the  measured 
change  and  the  ideal  1  LSB  change  between  any  two  adjacent 
codes.  A  specified  differential  nonlinearity  of  + 1  LSB  max  over 
the  d|ienting  tesqiennue  range  ensiirei>fmcPBtDnieiqr:  _ 

GAIN  ERROR 

Gain  error  is  a  measure  of  the  output  error  between  an  ideal 
DAC  and  the  actual  device  output  with  all  Is  loaded  after  offset 
error  has  been  adjiisted-out.  Gun  enor  is  adjustable  to  zero  with 
an  external  potentiometer.  See  Figure  13. 

ZERO  CODE  OFFSET  ERRDil  ^ 

This  is  the  etiui  pioieurat  flie  ae^feei  Oit^lUNlMi^'M  haded 
in  the  DAC.  It  is  dne  ta  the  op  amp  inpat        vidti^  and 
bias  anient  afi^tlie^A^fB&i^iMtet.  ' 

TOTAL  HARMONIC  DISTORTION 

This  is  die  ratio  of  the  root-mem-squaie        »ua  of  As  har- 
monics to  the  fimdfflnental,  expressed  in  (tts. 

OUmJT  NOISE 

This  is  the  noise  due  to  the  white  noise  of  the  DAC  and  the  in- 
put noise    tiK  tf||Mi^< 


DIGITAL-TO-ANALOG  GLITCH  IMPULSE 

This  is  the  amount  of  charge  injected  from  the  digital  inputs  to 
the  analog  output  when  the  inputs  change  s^Me.  This  is  nomially 
specified  as  the  area  of  the  glitch  is  akux  fMimxs  or  nV-secs 
depending  upon  whether  tl^  glitch  is  meaattted  as  a  current  or 
voltage.  The  measurement  takes  place  n^^n^  =  AfjUD. 

DIGITAL  FEEDTHROUGH 

When  the  DAC  is  not  selected  (i.e.,  CS  is  high)  high  frequency 
logic  activity  on  the  device  digital  inputs  is  capadtively  coupled 
throuj^  the  device  to  show  up  as  noise  on  the  Vqut  pin.  This 
muse  is  digiol  feedduou^. 

MULTIPLYING  FEEDTHROUGH  ERROR 

This, is, ac  error  due  to  capacitive  feedthf^^  from  the  Vksp  ... 

termUi  to  Vau^  .'"'^^  ^  DAC^-teaBTOf'M' 

OPEN-LOOP  GAIN 

Open-loop  gain  is  defined  as  the  ratio  of  a  change  of  output 
voluge  to  the  voltage  applied  at  the  V^ee  pio  with  aU  Is  loaded 
in  the  DAC.  It  is  specified  at  dc. 

UNITY  GAIN  SMALL  SIGNAL  BANDWIDTH 

This  is  the  frequency  at  which  the  magnitude  of  the  smaU  signal 
voltage  gain  of  the  output  amplifier  is  3  dB  below  unity.  The  ' 
device  is  operated'as  a  closed-loop  uniqr  ^mi  invertn  (i.e.',  DAC 
is  loadi^^rttb  rff  Is). 

OjUTPUT  RE»STANCE 

This  is  the  effective  output  source  resistanoK-i' . 

•  A-  -If  :.       "  ..■ 

Wfft^BjTufe^pjHffiP'IiiS.^n''''^'''^  as  the  maximum  freqnency, 
at  unity  closed-loop  gain,  for  which  a  sinusoidal  input  sigpl  will 
produce  fiill  output  at  iMed  load  mthout  raceeding  a  distortion 
level  of  3%. 


^REVrA 


Typical  Performance  Curves— AD7845 


Figure  Z  ■Pmtimnt^'Mtiptmm.  ^  =  -1       Figure  3.  Output  Voltage  Swing  vs.      Figure  4.  AtoM*  Simetral  Density 

Resistive  Load 


Figure  8.  Unity  Gain  Inverter  Pulse  j  Figure  ft  Unity  Gain  Inverter  Pulse  Figure  10.  Digital-to-Analog  Glitcti 
Response  (Large  Signali;^/-^  ~      ■  •  -*  Response  (Small  Signal)  Impulse  (All  Is  to  All  Oe  Traneition) 


;U!%tif-  <5rtno^  ^1B^Q^.Vi  I'.i-un'j  .-.aiVij''  ■  '•.  'j^i^ 
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1  ' 

^OtJT 

2-11 

DB11-DB2 

,B<mD 

113-14: 

lEffil-DBO 

15 

WR 

16 

CS 

17 

Vref 

18 

AGND 

19 

Vss 

20 

Vdd 

21 

Ra 

22 

Rb 

.  23 

Rc 

24 

RpB 

Voltage  Output  Tenninal 
Data  Bit  1 1(MSB)  to  Data  Bit  2 

Digital  Ground.  The  metal  lid  on  the  ceramic  package  is  connected  to  this  pin 
Data  Bit  1  to  Data  Bit  0  (LSB) 
Write  Input.  Active  low 
Chip  Select  Input.  Active  low 

Reference  Input  Voltage  which  can  be  an  ac  or  dc  signal 
Analog  Ground.  This  is  the  reference  point  for  external  analog  circuitry 
Negative  power  supply  for  the  output  amplifier  (nominal  —12  V  to  +15  V) 
Positive  power  supply  (nominal  +12  V  to  +15  V) 

Application  resistor.       =  4  Rp^  i  |i 


Application  resistor.  Rb  =  2  Rp 
Application  resistor.  R<;  =  2  Rp 


Feedback  resistor  in  the  DAC.  For  normal  operation  this  is  connected  toA%g^i 


CIRCUIT  INFOSMAtlON 

Digital  Section 

Figure  11  is  a  simplified  circuit  diagram  of  the  AD7845  input 
control  logic.  When  CS  and  WR  are  both  low,  the  DAC  latch  is 
loaded  with  the  data  on  the  data  inputs.  All  the  digital  inputs 
are  TTL,  HCMOS  and  +5  V  CMOS  compatible,  faciUtating 
easy  microprocessor  interfacing.  All  digital  inputs  incorporate 
standard  protection  circuitry.  , 


INPUT 

DAC 

BUFFERS 

LATCH 

WR- 


I> 


Figure  1 1.  AD784S  Input  Control  Logic 


0  ,e. 


D/A  Section 

Figvu-e  12  shows  a  simplified  circuit  diagram  for  the  AD7845 
D/A  section  and  output  amplifier.  The  D/A  converter  is  a  stan- 
dard R-2R  ladder.  Binarily  weighted  currents  are  switched  be- 
tween AGND  and  the  inverting  terminal  of  the  on-chip  output 
amplifier.  The  output  amplifier  and  feedback  resistor  Rpe  per- 
form the  current-to-voltage  conversion.  When  connected  in  the 
standard  configiuation  (i.e.,  Rps  connected  to  Your)!       j  ' 

VoUT  =  -J5"Vjjgpj 
where  D  is  the  fiactionaL  representation  of  the  digital  input 
code.  D  can  vary  from  0  to  4095/4096. 

The  amplifier  can  maintain  ±10  V  across  a  2  kfl  load.  It  is  in- 
ternally compensated  and  settles  to  0.01%  FSR  (1/2  LSB)  in  less 
than  5  (jls.  The  input  offset  voltage  is  laser  trimmed  at  vrafer 
level.  The  amplifier  slew  rate  is  typically  7  V/(j.s,  and  the  unity 
gain  small  signal  bandwidth  is  600  kHz.  There  are  three  extra 
ijp-cbip  resistors  (R^,  Rbi  Rc)  connected  to  the  amplifier  invert- 
ing tepninal.  These  are  useful  in  a  numbo'  of  applicatioiis  in- 
ducliog        adfDstnient  and  gain  iangii%. 


Ra     ^8  Ri 


MSB 


n  n  I 


Figure  12.  Simplified  Circuit  Diagram  for  theAD784S  &tA 
Section  and  Output  AmpHfier 
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UNIPOLAR  BINARY  OPERATION 

Figure  13  shows  the  AD7845  connected  for  unipolar  binary 
operation.  When  Vif^  is  an  ac  signal,  the  circuit  performs 
2 -quadrant  multiplication.  The  code  table  for  Figure  13  is  given 
in  Table  I. 


Figure  13.  Unipolar  Binary  Operation 
Table  I.  Unipolar  Binary  Code  Table  for  AD7845 


ffinacy  Itfumber  in' 
DACl 


MSB 
1111 


1000 


LSB 

im  nil 


0000  0000 


0000  0000 
0000        .  0000 


0001 
0000 


Analog  Output*^ 


-V 

^"'1^4096^ 

/2048\ 


"^"'(4096) 


OFFSET  AND  GAIN  ADJUSTMENT  Ii|An|l|RS»JRE  13 

Zero  OfFset  Adjustment  f 

1.  Load  DAC  with  all  Os.  ~" 

2.  Trim  R3  until  Vqut  =  0  V. 

Gain  Adjustment 

1.  Load  DAC  with  all  Is. 

4095 


2.  Trim  Rl  so  that  Vn 


4096 


In  fixed  reference  applicaticms,  full  scale  can  also  be  adjusted  by 
omitting  Rl  and  R2  and  trimming  the  reference  voltage  magni- 
tude. For  high  temperature  applications,  resistors  and  potenti- 
ometers should  have  a  km  mofiavme  co^k^mit. 


BIPOLAR  OPERATION 
(4-QUADRANT  MULTIPLICATION) 

The  recommended  circuit  for  bipolar  operation  is  shown  in 
Figure  14.  Offset  binary  coding  is  used. 

The  offset  specification  of  this  circuit  is  determined  by  the 
matching  of  internal  resistors  Rg  and      and  by  the  zero  code 
offset  error  of  the  device.  Gain  error  may  be  adjusted  by  varying 
the  ratio  of  Rl  and  R2. 

To  use  this  circuit  Without  trimming  and  keep  within  the  gain 
error  specifications,  resistors  Rl  and  R2  should  be  ratio  matched 

The  code  table  for  Figure  14  is  given  m  Table  H. 


Rl  I  


Figure  14.  Bipolar  Offset  Binary  Operation 


Table  II.  Bipolar  Code  Table  for  Offset  Binary  Circuit  of 
Figure  14 


Binary  Number  In 
DAC  Register 


MSB 

nil 


1111 


LSB 
1111 


1000  0000  0001 

1000  0000  0000 


0111 


nil 


nil 


Analog  Output,  Vgux 


/2047\ 


0  V 


I'mmrMmhMm.meciMmTEfis.  •Sr-jis 


PROGRAMMABLE  GAIN  AMPLIFIER  (PGA) 
The  AD7845  performs  a  PGA  function  when  connected  as  in 
Figure  15.  In  this  configuration,  the  R-2R  ladder  is  connected 
in  the  amplifier  feedback  loop.  Rp^  is  the  amplifier  input  resis- 
tor. As  the  code  decreases,  the  R-2R  ladder  resistance  increases 
and  so  the  gain  increases. 

-  -^'^  --w  ■      'W ™ "  ' 


Figure  IS.  AD7845  Connected  as  PGA 

As  the  programmed  gain  increases,  the  enor  and  noise  also  in- 
crease. For  |1b»  rapon,  the  maxinnim  gain  should  be  liariKd  to 
256.TabeqftF!8BBs'PflVeiSnSfe^^^ 

Note  that  instead  of  using  Rp3  as  the  input  resistor,  it  is  also 
possible  to  use  combinations  of  the  other  application  resistors, 
Ra,  Rb  and  R^.  For  instance,  if  Rb  is  used  instead  of  jR-pB,  the 
gain  range  for  the  same  codes  of  Table  II  now  goes  frotn  1/2  to 
128.  —  


Table  III.  Gain  and  Error  vs.  Input  Code  for  Figure  15 


Digital  Inputs 

Gain 

Error  (%) 

1111 

nil 

nil 

4096/4095  -=■  1 

0.04 

1000 

0000 

0000 

2 

0.07 

0100 

0000 

0000 

4 

0.13 

0010 

0000 

0000 

8 

0.26 

0001 

0000 

0000 

16 

0.51 

0000 

1000 

0000 

32 

1.02 

0000 

0100 

0000 

64 

2.0,, 

0000 

0010 

0000 

128 

4.0 

0000 

0001 

0000 

2S6 

8.0 

i)'Vn:  000;- 

WW 

PROGRAMMABLE  CURRENT  SOURCES 

The  AD7845  is  ideal  for  designing  programmable  current 
sources  using  a  minimum  of  external  components.  Figures  16 
and  17  are  examples.  The  circuit  of  Figure  16  drives  a  program- 
mable ciurent  Ij,  into  a  load  referenced  to  a  negative  supply. 
Figure  17  shows  the  circuit  for  sinking  a  programmable  current. 
The  same  set  of  drcuit  equations  apply  for  both  xU^grams. 

h  =  h  =  l2  +  h 

,     D  ■  \Vm\  „  4095\ 

id-\v,n\\ 


D-\V,nl 


 «hN 


Rl  V^Rdac)-^ 


Note  that  by  making  Rl  much  smaller  than  Rdao  the  circuit 
becomes  insensitive  to  both  the  absolute  value  of  Rqac  it^ 
temperature  variations.  Now,  the  onfy  temtet  deteiminiiig  load 
 r     .u.      •  reastor  RilluiiQ  ^«Acmln'0  '  s  '  ~ 


current Tl  is  the  sense  reastor  RiuiiS  ^«Acmln'0  '  s 
If  Rl  =  100  n,  then  the  progranmii^  lai^  ^  0  to  ITO  mAi— 
and  the  resolution  is  0.024  mA.  '"  '         '      '  "' 

1' 


Figure  16.  Programmable  Current  Source 


.'-^^^  J^?fiOW  »rT-  •-'IV 


RE¥i  A 


'Ilia         -.  ■h.-. 


A07845 


Figure  17.  Programmable  Current  Sink 

I  " 

4-20  mA  CURRENT  LOOP 

The  AD7845  provides  an  excellent  way  of  making  a  4-20  mA 
current  loop  circuit.  This  is  basically  a  variation  of  the  circuits 
in  Figures  16  and  17  and  is  shown  in  Figure  18.  The  applica^on 
resistor      (Value  4R)  produces  the  effective  4  mA  offset. 

Since  l2>Ii, 


156 


/»2V5 


and  since  Rimc=Ri<b=K  • 

1000 


156 


mA 


=  [4  +  (16  X  DyimA,  where  D  goes  from  0  to  1  with 
Digital  Code  ,^  ^ .  , 

When  D    0  (Code  (tf  aU  Os): 

.]     •  ilj;,  =  4niA       J      1.  . 

When  b  =  1  (Code  of  all  Is): 
II  =  20  mA 

The  above  circuit  succeeds  in  significantly  reducing  the  dicuit 
oognponent  count.  Both  the  on-chip  output  amplifier  and  die 
i^lica^  i«&tor  Ra  contribute  to  this. 


Figure  18.  4-20  mA  Current  Loop 
APPLICATION  HINTS 

General  Ground  Management:  AC  or  transient  voltages 
between  AGND  and  DGND  can  cause  noise  injection  into  the 
analog  output.  The  simplest  method  of  ensuring  that  voltages  at 
AGND  and  DGND  are  equal  is  to  tie  AGND  and  DGND 
together  at  tfae  AD784S.  lil  more  complex  systems  where  the 
AGND  and  IX^D  intertie  is  on  the  backplane,  it  is  recom- 
mended that  (^.diod^tj^ntiiected  in  inverse  parallel 
between  the  AD7845  AGND  and  DGND  pins  (IN914  or 
equivalent). 

Digital  Glitches:  When  a  new  digital  word  is  written  into  the 
DAC,  it  results  in  a  change  of  voltage  applied  to  some  of  the 
DAC  switch  gates.  This  voltage  change  is  coupled  across  the 
switch  stray  capacitance  and  appears  as  an  impulse  on  the  cur- 
rent ouq>ut  bus  of  the  DAC.  In  the  AD784S,  impulses  on  this 
bus  are  convened  to  a  voltage  by  Rps  and  the  output  amplifier. 
The  output  voltage  glitch  energy  is  specified  as  the  area  of  the 
{^suiting  spike  in  nV-seconds.  It  is  measured  with  Vref  con- 
nected to  analog  ground  and  for  a  zero  to  fiill-tcale  input  code 
transition.  Since'^nircQpcnceaof'  b^ed  ssttam  seoenUy  hMC 
noisy  grounds  which  couple  into  the  power  sup(die^  the  , 
A078^       and  V^s  tetminals  should  be  decoupled  to4W»l— 
ground. 

Temperature  Coefficients:  The  gain  temperature  coefficient  of 
the  AD7845  has  a  maximum  value  of  5  ppm/°C.  This  corre- 
sponds to  wrost  case  gain  shift  of  2  LSBs  over  a  100°C  tempera- 
ture range.  When  trim  resistors  Rl  and  R2  in  Figure  13  are 
used  to  adjust  full-scale  range,  the  temperature  coefficient  of  Rl 
and  R2  must  be  taken  into  account.  The  offset  temperature  co- 
efficient is  5  ppm  of  FSR/°C  maximum.  This  correponds  to  a 
worst  case  offset  shift  of  2  LSBs  over  a  100°C  temperature 
range. 

The  reader  is  referred  to  Analog  Devices  Application  Note 
"Gain  Error  and  Gain  Temperature  Coefficient  of  CMOS  Multi- 
plying DACS,"  PubUcation  Numb^;jE630C-S-3/86. 
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MICROPROCESSOR  INTERFACING   

16-BIT  MICROPROCESSOR  SYSTEMS 

Figures  19,  20  and  '21-show  how  the  AD7845  interfaces  to  three 
popular  16-bit  microprocessor  systems.  These  are  the  MC68000, 
8086  and  the  TM32010.  The  AD7845  is  treated  as  a  memory- 
mapped  peripheral  to  the  processors.  In  each  case,  a  write  in- 
stuction  loads  the  AD7845  with  the  appropri'atfe'^ffl."'1ftfe 
particular  instructions  used  are  as  follows:      '  . 

MC68000:  MOVE 
IT" 


A1  -  AZ3 
MC68000 


RW 


ADDRESS  BUS 


3_£ 


•    ■  ,  'V 

SC-  .--(jfr-:.! 


wn 


>  *  i:*        H  y 
'jii'l  '^riL- 


ADDRESS  BUS 


3_£ 


16-BIT  LATCH 

ADDRESS 

(2  X  8212) 

DECODE 

■LINEAR  CiRCUtTRY  OMITrED  FOR  CLARITY 


DBO  -  DB11 


Figure  20.  AD7845  to  8086  Interface 


AO- A11 

ADDRESS BUS.  ^ 

TMS32aiO 

ADDRESS 
DECODE 

CS 

AD7845* 

WE 

WR 

h 

D0-D15 

DATA  BUS 

DB0-DB11 

1  1  ' 

"MICROPROCESSOR  SYSTEMS 

Figiu-e  22  shows  an  interface  circuit  for  the  AD7845  to  the 
8085A  8-bit  microprocessor.  The  software  routine  to  load  data 
to  the  device  is  given  in  Table  IV.  Note  that  the  transfer  of  the 
12  bits  of  data  requires  two  write  operations.  The  first  of  these 
loads  the  4  MSBs  into  the  7475  latch.  The  second  write  opera- 
tion loads  the  8  LSBs  plus  the  4  Mt  by  t6e 
latch)  into  the  DAG.  -..^j*' 


ma 


ADDRESS  BUS 


31 


LATCH 

ADDRESS 

(8212) 

DECODE 

7475 
4.BIT 
LATCH 


.  .1  tit  i 


DBO-Dt? 


*LINEAR  CIRCUITRY  OMITTED  EOR  CLARITY 


Figure  22.  8(S5A  Interface 
TSdIb  M  Subroutine  Listing  for  Figure  22 


2000  LOAD  DAC  : 

LXf 

H,#3008  - 

"rhe  H,L  register  pair 
are  loaded  wid)  latch 
!aflA*i'30O0. 

MVI 

A,#"MS" 

Load  the  4  MSBs  of 

data  into  accumulator. 

MOV 

M,A 

Transfer  data  from 
accumulator  to  latch. 

INR 

L 

Increment  H,L  pair  to 

MVI 

A,#"LS" 

AD7845  address. 

:  -if.-:./    ■         i  aL'\  y 

Load  the  8  LSBs  of 

data  into  accumulator. 

MQV 

M,A 

Transfer  data  from 
acciunulator  to  DAC^, 

RET 

End  of  routine. 

AD7845 


Figure  23  and  24  are  the  interface  circuits  for  the  Z80  and 
MC6809  microprocessors.  Again,  these  use  the  same  basic 
format  as  the  808SA  interface. 


DIGITAL  FEEDTHROUGH 

In  the  preceding  interface  configurations,  most  digital  inputs  to 
the  AD7845  are  directly  connected  to  the  microprocess  bus. 
Even  when  the  device  is  not  selected,  these  inputs  will  be  con- 
stantly changing.  The  high  frequency  logic  activity  on  the  bus 
can  feed  through  the  DAC  package  capacitance  to  show  up  as 
noise  on  the  analog  output.  To  minimize  this  digital  feedthrough 
isolate  the  DAC  from  the  noise  source.  Figure  25  shows  an  in- 
terface circuit  which  uses  this  technique.  All  data  inputs  are 
latched  from  the  busy  by  the  CS  sigiul.  One  may  also  use  other 
means,  such  as  peripheral  interface  devices,  to  reduce  the  digital 


•LINEAR  aRCUim  OMITTED  FOD  dABtTV 


AO- A15 

MICflOPROCKSOR 
SYSTEM 

WR 
D0-D15 

ADDRESS 
DECODE 

CS 

AD7845* 

WR 

DBIt-  DB11 

A 

EN 

► 

16-BIT 
LATCH 

 V 

•UNEARCIRCUrmyOMnTHlFORCLARrrY 


D0-D7 


3_£: 


Figure  25.  AD784S  IntBrface  Circuit  Umng  Latches  to 
Minimize  Digital  Feedthrough 


□ 


DATA  BUS 


'LINEAR  CmCUITRV  OMITTED  FOR  CLARITY 

Figure  24.  MC6809  Interface 
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16-Bit  Voltage  Output  DAC 


AD7846 
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16-Btt  MmMMMicMywrar  TMnparaturs 
±2LSBs  Integral  UnHrtty  Ertor 
Mictoprocewor  Compatibis  with  Raadbaek  OvaWIHy 
Unipolar  or  Bipolar  Output 
Multiplying  Capability 
Low  Powar  (IQOmW  typieil) 


GENERAL  DESOUPTION  < 

The  AD7846  is  a  16-bit  OAC  constructed  wi^  Analog  Derices' 

process.  It  has  Vj^^p^  and  V|^p_  leferenoe  uiputs 
and  an  on-chip  output  atnplifier.  These  can  be  configured  to 
give  a  onQMbr  outputltinge  (0  to  +SV,  0  to  -f  Itrip  or  bipolar 
output  ranges  (±SV,  ±10V). 

The  DAC  uses  a  segmented  architecture.  The  4MSBs  in  the 
DAC  latch  select  one  of  the  segments  in  a  16-resistor  string. 
Both  taps  of  the  segment  are  buffered  by  amplifiers  and  fed  to  a 
12-bit  DAC,  which  provides  a  further  12  bits  of  resolution.  This 
architecture  ensures  16-bit  monotonidty.  Excdlent  integral  lin- 
earity results  from  tight  matching  between  the  input  offset  volt- 
ages of  the  two  buffer  amplifiers. 

In  addition  to  the  excellent  accuracy  specifications,  the  AD784<: 
also  offers  a  comprehensive  microprocessor  interface.  There  are 
16  dau  I/O  pins,  plus  control  Unes  (CS,  R/W,  LDAC  and 
CLR).  R/W  and  CS  allow  writing  to  and  reading  from  the  I/O 
latch.  Tliis  is  the  readback  function  viuch  is  useful  in  ATE  ap- 
plications. LDAC  allows  simultaneous  updati^  of  DACs  in  a 
multi-DAC  system  tad  dw  CLR  line  will  reset  the  contents  the 

DAC Jatch  to  00  . . .  OOOcir  10  000  drpmidiftg  on  the  state 

of  R/W.  This  means  thkt  die  DAC  output  aarbC'feset  to  OV  in  ' 
both  the  unipolar  and  bipolar  configiu^tions. 

The  AD7846  is  available  in  28-pin  plastic,  ceramic,  LCCC  and 
PLOC  packages. 


FUNCTIONAL  BLOCK  DIAGRAM 


PRODUCT  HIGHLIGHTS 

1.  16-Bit  Monotonicity 

The  guaranteed  16-bit  monotonicity  over  temperature  makes 
the  AD7846  ideal  for  closed-loop  applications. 

2.  Readback 

The  ability  to  read  back  the  DAC  register  contents  minnpzes 
software  routines  when  the  AD7846  is  used  in  ATE  systems. 

3.  Power  Il^i^pation 

Power  dis^pation  of  lO^yff  tsa^  ^  AWSi^.tbfil^^mt. 
power,  lii^  accuracy  PAC  int  tiie  Biaritet. 


01 1  , 

(i; 

: 

It. 

-nil  imS 
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AD7846-SPECIFICATI0NS 


(Voo  =  +14.25V  to  +15.75V,  %  =  -14.25V  to  -15.75V,  Vcc  =  +4.75V  to 
1  +5.25V.  VguT  loaded  with  2kn,  lOOOpF  to  OV.  VnEF+  =  +5V,  R,n  connectad  to 
OV.  All  specifications  T^in  to  T^m  unless  otiierwise  stated.) 


Parameter 

^J^^  Vei^ons 

.  K,  B  Versions 

S  Version^ 

Units  ^ 

Test  Condidons/Conunen^  : 

Besdufian             .   . 

is  - 

16 

16 

Bits 



UNIPOLAR  WIBWr 

Vkh._=OV,  Voct=OV  io  +  lOV 

Relative  ActA^iSi2SX 

±12 

±4 

±12 

LSB  typ 

lLSB=153|iV 

T,^  to  T,^ 

Diiferential  Nonlinearity  Error 

±16 

±8 

±16 

LSBmax 

±1 

±0.5 

±1 

LSB  max 

All  Grades  Guaranteed  Monotonic 

Gain  Error  @  25°C 

±12 

±6 

±12 

LSB  typ 

VouTl-oad=10Mn 

to  T,^ 

±16 

±16 

±24 

LSB  max 

Offset  Error  @  2S°C 

±12 

±6 

±12 

LSB  typ 

T„^toT^^  ^ 

±16 

±16 

±24 

LSBmax 

GainTC^ 

±2 

±2 

±2 

ppm  FSR/°C  typ 

Offset  TC 

±2  : 

±2  ,  ' 

±2 

ppmFSR/°Ctyp 

BIPOLAR  OUTPUT 

Vref-  =  -5V,  Vout=-10V  to  +10V 

Relative  Accuracy  @  2S°C 

±6 

±2 

±6 

LSB  typ 

1LSB«30S||,V 

'Tnrii,  to 

±8 

±4 

±8 

LSBmax 

T^ni'iiiiitial  NJnnlinMiritv  Prmr 

±1 

±0.5 

+1 

All  fvmks  f^mrniaaJ  Mntmtinwif 

Gain  ^nr  @  2SX 

±6 

±4 

±6 

LSB  typ 

VoOTLQfld'=l(HWO 

T,^toT„„ 

±12 

±8 

±16 

LSB  max 

Offset  Error  @  25"C 

±6 

±4 

±6 

LSB  typ 

VouTL(»d=10Ma 

T^toT^'  r— 

±12 

±8 

±16 

LSB  max 

Bipolar  Zero:Si(D^I^^°C 

±6 

±4  ' 

±6 

LSB  typ 

to  T,^ 

±12 

±8 

±16 

LSB  max 

GainTC 

±2 

±2 

±2 

ppm  FSR/°C  typ 

Offset  TC' 

±2          -  . 

±2 

±2 

ppmFSRA:typ 

Bipolar  Zerx^  TC^ 

±2 

±2 

ppmFSR/°Ctyp 

REFERENCE  INPUT 

&q)ut  RemtHBoe 

■7/1 

9n 
zu 

kll  min 

Resistance  from  V^^p.  to  V^^p^ 

40 

40 

40 

kn  max 

Typically  30kO 

Vrbp+ Range 

Vss+6  to 

Vss+6  to 

Vss+6  to 

volts 

Vdd-6 

VoD-6 

Vdd-6 

Vref_  Range 

Vss+6  to 
Vdd-6 

Vss+6  to 
Vdd-6 

Vote 

OUTPUT  CHARACTERISTICS 

,1  fir,  JdSra^ait  "' 

Output  Voltage  Swing 

Vss+4  to 

Vss+4  to 
Vdd-3 

Vss+4  to 
Vdd-3 

Vm» 

,1  ^lL'VT'o  ffoi/i'-''         1  11'' 

Resistive  Load 

2 

2            ,  . 

iai0''^~  ■■ 

ToOV     '  ■           ■    '  •    -  "  ■• 

Capacitive  Load 

1000 

1000 

lUOu 

To  OV" 

Output  Resistance 

0.3 

0.3' 

0,3 

ntyp 

Short  Circuit  Current 

^25 

±25 

±25 

mAijp 

To  Oy  or  A»y  Power  Siqpfd^  - 

DIGITAL  INPUTS 

ViH  Oapat  Hi^  Voltage) 

2.4 

2.4 

2.4 

'Vn^  ™^  ■! 

:[*  lfniaae>  ti'i  ._  ?-     .■  ■ 

(Uqnit  Ljow  voltage; 

0.8 

0.8 

0.8 

V  max 

IiN  (Input  Cuzrent) 

±  10 

±10 

±  10 

p.A  max 

(Input  Capacitance)^ 

10 

10 

10 

pF  max 

DIGITAL  OUTPUTS 

Vol  (Output  Low  Voltage) 

0.4 

0.4 

0.4 

Volts  max 

IsiNK=l-6mA 

Vqh  (Output  High  Voltage) 

4.0 

4.0 

4.0 

Volts  min 

^  SOURCE  ~  400pA 

Floating  State  Leakage  Current 

±10 

±10 

±10 

|iA  max  .  „ 

DB0-PB1S=0  (0  Voc 

Floating  State  Output  Capacitance' 

10 

10 

POWER  REQUIREMENTS* 

•3?  ■ :  «  i  J  .  i 

+  11.4/+15.75 

+  11.4/+15.75 

+  11.4/+15.75 

VminA^max 

v« 

-11.4/- 15.75 

-11.4/-15.75 

-11.4/-15.75 

VminA^max 

Voc 

+4.75/+5.25 

+4.7»+5.25 

+4.75/+S,25 

VminA'max 

Ibd 

5 

5 

S 

mA  max 

Your  Unloaded 

U, 

5 

5 

5 

mA  max 

VoorUiilnded 

loc 

1 

I 

mA  max 

Power  Supply  Sensitivity* 

1.5 

I.S 

2 

LSB/Vmm 

Power  Dissipation 

100 

100 

100 

mWtyp 

VouT  Unloaded 

NOTES 

'Temperature  Ranges  as  follows:  J,  K  Versions;  0  to  +70°C; 
A.  B  Venioiu:  -25'C  to  +»5'C;  S  Vankn:  -55"C  to  +12510. 

'Mimniiim  leii  fa  S  il  iliwlilN^lffl. 
"Sliiqile  toted  « 


'AD7846  is  functional  with  lliitM^j|(BiH  of  WflEVi'SM 
Pcrfonnancc  Curves. 

'Semilinlsr  of  Gain  Emr,  OCbet  Knr  and  B^nbr  Zero  Emc  to  Vn 
^ecificadms  subject  to  diange  witbout  nolioe. 


2%s!2z  BmmmmAiaM.'imemmrFBm 


Then  characteristics  are  inctudad  foi^:|a|ip  |iidaiK».iN||r  an)  are  not 

AC  PERFORMANCE  CHARACTERISTICS  -iGsvto  -is.7sv:vcc=+4.75vto  +im  r„  coiin;cM  t>  m 


T.= 

*  A 

*  A 

Parameter 

25°C 

to 

Units 

Test  Conditions/Coiiuneiits 

Output  Settling  Time 

7 

7 

\is  max 

To  0.006%  FSR.  VouT  loaded.  Vref- =0V. 

9 

9 

M.S  maX 

To  0.003%  FSR.  VouT  loaded.  Vref-  =  -5V. 

Digital-to-Analog  Glitch 

400 

400 

nV-secs  typ 

DAC  alternately  loaded  mtli  10  .  .  .  OpOO  andiOl . .  .  1111. 

Impulse 

VouT  unlwW.             ,  ' 

AC  FBPdthwnig|fc>,t.f.*  -f'.j 

mV  pk-pk  typ 

Vj^jSf  (Bf.(yiiBP+=lV  nnfe  iOkHz  sine  wave. 

DAC  kaded  with  aU  Os.  , 

Digital  Feeddmnigh 

10 

10 

nV-secs  typ 

DAC  ahenatdy  loaded  with  all  Is.  and  ajl  Os.  CS  fliate- ' 

Output  Noise  Voltage 

50 

50 

nV/yHz  typ 

AioMKcd  atVouT-  DACloaded  withOHllQU  .  ..  Ih 

Density  (IkHz-lOOkH^ 

V«r+=V«Bp_=OV. 

TIMING  CHAR/iTERISnCS 


(VH=+14.2SVtg  +1S.75V,  Vs=-14.25V  to  -15.7SV,  Vcc=+4.7SV  to  +iJSI.) 


Limit  at 
Ta=25°C 

Limit  at 
Ta=0  to  +70°C 
Ta=-25"C  to  +85X 

Parameter 

Limit  at 

TA=-55°Cto  +125°C 

Units 

Test  Conditions/Comments 

h 

U 

\ 
U 

40 

150 

40 

110 

0 

230 

40 

160  1 
40 

i-lO  , ,,  ■,  rr^i:^  ^(ii  ■ 
0 

270 

50 

190 

50 

120 

0 

320        a;*!:  i  - 

ns  min 
ns  min 
ns  min 
ns  min 

ns  Tnin 
ns  max 

R/W  to  CS  Setup  Time 

CS  Pulse  Width  (Write  Cycle) 

R/W  to  CS  Hold  Time 

Data  Setup  Time 

Dau  Hold  Time 

Data  Access  Time         .  ' 

U 
«. 

tio 

10 
80 
20 
150 

0 

10 
90 
20 
150 

0 

20 

150 

0 

ns  min 
ns  max 
ns  min 
ns  min 
ns  min 

Bus  Relinquish  Time 

CLR  Setup  Time 
CLR  Pulse  Width 
CLR  Hold  Time 

«„ 

tl2 

80 
240 

100 
280 

100 
330 

ns  min 
ns  min 

LDAC  Pulse  Width 

CS  Pulse  Width  (Read  Cycle) 

NOTES 

'Timing  jjiedficationrarc  sample  tescetl  at  25X  to  ensure  compliance.  All  input  control  signals  are  specified  with  "'^^'Sna- 
(10%  to  90%  of -I-5V)  and  timed  from  a  voltage  level  of  1.6V. 

H(  ia  meaauied  with  the  had  dicuits  of  Figure  1  and  defined  aa  the  time  lequiied  for  an  output  to  cross  0.8V  or  2.4V. 
%j>4<#ncd  ••;l)^;timi;;;cj|iHi«l.fbr  an  ootput  id  change  O.SV  when  loaded  with  the  circuits  of  Figure  2. 


MW«lrr 


iwupr 


a.  High  Z  to  Vqh        b.  High  Z  to  Vql 
^SW?  J,,^pac(*gji|Mj8  fcyfyft«sess  Time  (fj 


b.  Vol  to  HighZ 

pi 


Figure  2.  Ltiad  CireUf&  tor  SiiS  ^\ei^^  %^^b'^-  jiop. 
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ABSOLUTE  MAXIMUM  RATINGS^ 

Vdd  to  DGND  -0.3V  or  +17V 

 -0.3V,  Vdd  +0.3V  or  +7V  (Whichever  Is  Lower) 

Vss  to  DGND  5 .  .  ,  .+0.3V.to  -17V 

Vref+  to  DGND   .  .±25V 

Vref-  to  DGND  ±25V 

VouTtoDGND'  ±25V 

RiNtoDGND  ±25V 

Digital  Input  Voluge  to  DGND  -0.3V  to  Vcc  +0.3V 

Digital  Output  Voltage  to  DGND  .  >  .  .  4.,«^JV't«)  Vee  +ftW' 
Power  Dissipation  (Any  Package)    Ki ''e  nj-w  bji  ./ 'v  ' 
To  +75°C  .  .  .  .  .-.  .  .  .  I'i  .  .  fU'^.  .  ib'v^  ...  .  .lOOOmW 
Derate* above  WSt:'  .  Im  ,-  .  .  ,  .     .  .  .  *.  i  .'■r. .  .VHa\fJ°C 

  '  -S.-l,,'  I 

ORDERING  GUIDE 


Temperature 

Relative 

Package 

Model 

Acouacy 

Option* 

AD7846JN 

0°C  to  +70°C 

±16LSB 

N-28 

AD7i46KN 

0°C  to  +70''C 

±8LSB 

N-2S 

AD7846JP 

0°C  to  +70°C 

±16  LSB 

P-28A 

AD7846KP 

O'C  to  +70°C 

±8  LSB 

P-28A 

AD7846AD 

-25°C  to  +85''C 

±16  LSB 

D-28 

AD7846BD 

-25°C  to  +85°C 

±8  LSB 

D-28 

AD7846SD/883B 

-55°Cto  +125°C 

±16  LSB 

D-28 

AD7846SE/883B 

-SS'Cto  +125°C 

±16  LSB 

E-2gA 

*D  =  Ccnmic  DIP;  E  =  Leadless  Ceninic  Chip  Cairier;  N  =  Flaatic  DIP; 
F  =  Plastic  Leaded  Chip  Cairier.  For  outUne  infonnaiiaa  we  nBkage 

Information  section. 


CAUTION 


TERMINOLOGY 
Least  Significant  Bit 

This  is  the  analog  weighting  of  1  bit  of  the  digital  word  in  a 
DAC.  For  the  AD7846,  1LSB=(Vrep*  -  V,^.y2". 
Relative  Accuncy 

Relative  accuracy  or  endpoint  nonlinearity  is  a  measure  of  the 
maximum  deviation  from  a  straight  line  passing  through  the  end 
points  of  the  DAC  transfer  function.  It  is  measured  after  adjust- 
ing for  both  endpoints  (i.e.,  offset  and  gain  errors  are  adjusted 
out)  and  is  normally  expressed  in  least  significant  bits  or  as  a 
percentage  of  full  scale  range. 

Differential  Nonlinearity 

Differential  nonlinearity  is  the  difference  between  the  meastu-ed 
change  and  the  ideal  change  between  any  two  adjacent  codes.  A 
q>ecilied  differential  nonlinearity  of  ±1LSB  ma^  over  the  oper- 
ating temperature        aunres  monOMnict^.   >' 

GainEncor 

Gain  enor  is  a  measure  of  the  ouq^t  error  between  an  ideal 
DAC  and  the  actual  device  oittput  widi  all  Is  loaded  ^er  oCbet 
error  has  been  adjusted  biit.^^n'^^:^^bSdyu&iIile  1^  zero  with 
an  "''^**'*'  patendomeiar. 


Operating  Temperature  Range 

J,  K  Versions  ,  .  .  .  -.^j.^  0  to  +70°C 

A,  B  Versioi».  ;.  .  .     ;         .  .  .-25''Cto  +85°C 

S  Version   .iT^  —  .  .-55°C  to  +125X 

Storage  Temperature  Range  .  .       .  .  .... .— fiSX  to -H  ISO^ 

Lead  Temperature  (Soldering)  .  .'.  .  i  ^.  .S^^JCfe 

NOTES  c  >.   •  t" 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  ftmctional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indi- 
cated in  the  operational  sections  of  this  spediication  is  not  implied.  Expo- 
'itlifi  t6<U»oIute  maximum  tat&!fteond£i«as  ptr  enendedig»9rieilt.^.time  V\ 
may  affect  device  leliability.  Oi^^  one  Absoluie  Maximum  Rating  may  be 
applied  at  any  one  time. 

^V(^  must  not  exceed  Vpp  by  moie  than  0.3V.  If  it  is  pbiaible'fibf^iis  to 
happen  during  power  supply  noinencing,  the  foUowfl^^Siik  peonciion 


^^ouT  Ik  >>ni<ed  n  D0n>,  ViiD>  Vas>  Voc  P>!°*f^ 
disaipatiun  of  the  padage  ia  ax'aendiS.  t'  , 

0     :  ) 


1  ■  1 

^  '     i  Kf     !  0?! 


WARNING! 


Offset  Error 

This  is  the  error  present  at  the  device  output  with  all  Os  loaded 
in  the  DAC.  It  is  due  to  op  amp  input  offset  voltage  and  bias 
current  and  the  DAC  leakage  cuncnt. 
Bipolar  Zero  Error 

When  the  AD7846  is  connected  for  bipolar  output  and 
10  .  .  .  000  is  loaded  to  the  DAC,  the  deviation  of  the  analog 
output  from  the  ideat-midacale  of  OV  is  called  the  b^elaTiaeio 
error. 

Digital-to-Analog  Glitch  Impulse 

This  is  the  amount  of  charge  injected  from  the  digital  inputs  to 
the  analog  output  when  the  inputs  change  state.  This  is  nor- 
mally specified  as  the  area  of  the  glitch  in  either  pA-secs  or 
nV-secs  depending  upott  «ijnher  Ol^'pieb^lBei^ured  ai  a 
current  or  a  voltage. 

Multiplying  Feedthrough  Error 

This  is  an  ac  error  due  to  capacitive  feedthrough  from  either  of 
the  Vkef  terminals  to  Voirr'^'ben  the  DACiS'  littded%idi  all 
Os. 

Digilal  Fecdthtpiigli 

When  the  DAC  is  not  selected  (i.e.,     u  ^eld  high),  high  fre- 
quency logic  actti^  eft  i^^M  a#atlEWeq>acitiv^  coupled 


ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shimts.  The  protective  foam 
should  be  discharged  to  th£.  destination  socket  before  devices  are  removed. 


PIN  COlWiqaiRATIONk^i 
DIP 


PIN  FUNCTION  DESCRIPTION 


Pin 


Mnemonic 


Description 


0B2  [V 
DB1  [T 
DBS 

v„[I 

v.„,[I 

«.\T 
v,„.[T 

DB1S 


[W2  [l3 
DB11  [l7 


"zb]  DB3 
'zi\  0B4 
Is]  DBS 
^  LDAC 

il]  ^ 

22]  R/W 

To]  DGND 

DBG 
la]  DB7 
17]  DBS 
Is]  DB9 
Is]  OT10 


1-3 


6. 


LCCC 


DB15  10 

b%i4  tr 


12  13  14  15  16  17  18 
CD     CO     BO      01     Q     S  Q 


PLCC 

Q       Q       ^  ^ 


23 

24 
25 


DB2-DB0  Data  I/O  pins.  DBO  is  LSB. 

Positive  supply  for  analog  circuitry. 
Vjjp  This  is +15V  nominal^ 

VouT  DAC  output  voltage  pin. 

Input  to  sununing  resistor  of  DAC 


Table  I. 

Vrep+  input.  The  DAC  is  specified 
forVREP,  =+5V.  .V-^. 

r 

Vref-  input.  For  unipolar 
operation  connect  Vref-  '<> 
and  for  bipolar  operation  connect  it 
to  -5V.  The  device  is  specified  for 
both  conditions. 

Negative  supply  for  analog  circuitry. 
This  is  -15V  nominal. 

Data  I/O  pinS.  DB15  is  MSB. 

Groimd  pin  for  digital  circuitry. 

Positive  supply  for  digital  cirqiitry. 
This  is  +5V  nominal. 

[,  I  R/W  input.  This  can  be  used  to  load 
data  to  the  DAC  or  to  rraS  hiiek  the 
DAC  latch  contents. 

■  Chip  select  input.  This  selects  the 
device. 

Clear  input.  The  DAC  can  be 
cleared  to  000  ..  .  000  or 
100  .  .  .  000.  See  Table  II. 

Asynchronous  load  input  to  DAC. 

Data.I/O  pins. 


10-19  DB15-DB6 

20  DGND 

21  Vcn 


'".\ 

cs 

CLR 


LDAC 
26-28  DB5-DB3 


|l2j[«J|u|l«|l«J[27j[«J 

s-  s  s  s  8  s  s — ^.>. . 

M     (0    g    ,«    o     Q     5       I    •  5 


Output  Range 

Vref+ 

OV  to  +5V 

+5V 

OV 

Vqut 

OVto  +10V 

+5V 

OV 

OV 

+5V  to  -5V 

+  5V 

-5V 

Votrr 

+5Vto  -5V 

+5V 

OV 

+5V 

+  10Vto  -lOV 

+5V 

-5V 

OV 

Table  I  AD7846  Output  Voltage  Ranges 


IAD7846— Typical  Perfonrnmce  Curves 


Figure  4.  AC  FeedthF0ugh.,Vf,gfii.  =  1V  rms,^  ^  Figured.  AC  Feedthrough 
10kHz  Sine  Wave.  vs.  Frequency 


,R1 


Figure  6.  Large  Signal 
Frequency  Response 


v.„- 

=ov 

OAC  LOADED  WITH  ALL  U 

1  — 

10*  10*  «• 

FREQUENCY  -  Hi 


Figure  7.  Noise  Spectral  Density 


Figure  8.  Digital-to-Analog  Glitch 
Impulse  without  'Internal  Deglitcher 
(W  .  .  .  000  to  Oil  .  .  .  ni 
Transition) 


Figure  9.  Digital-to-Analog  Glitch 
Impulse  with  Internal  Deglitcher 
(10  ...  000  to  Oil  ...  Ill 
Transition) 


Figure  10.  Pulse  Response 
(Large  Signal) 


Figure  11.  Pulse  Rospons^',^ 
(Small  Signal)  '  ' 


■■III 

mfi 


Figure  12.  Spectral  Response  of 
Digitally  Constructed  Sine  Wave 


2  2.5 

3 


S  JO 


Vpo/Vm  -  VolU 

Ft0tm  t$.  l^itigtjUwarfty  vs.  Vog/Vs. 


Vm/Vh  -  Vote 


Figure  14.  Typical  Monotonicity  vs.  Vpg/Vss 


CIRCUIT  DESCRIPTION 
Digital  Section 

Figure  15  shows  the  digital  control  logic  and  on-chip  data 
latches  in  the  AD7846.  Table  II  is  the  associated  truth  table. 
The  D/A  converter  had  two  latches  which  are  controlled  by  four 
signals:  CS,  R/W,  LDAC  and  CLR.  The  input  latch  is  con- 
nected to  the  data  bus  (DB15-DB0).  A  word  is  written  to  the 
input  latch  by  bringing  CS  low  and  R/VC'  low.  The  contents  of 
the  input  latch  may  be  read  back  by  bringing  CS  low  and  R/W 
high.  This  feature  is  called  "readback"  and  is  used_ili  I 
diagnostic  and  calibration  routines. 


CS 

RAV 

LDAC 

CLR 

Function 

I 

X 

X 

X 

3-State  DAC  I/O  Latch  in 
High  Z  State 

0 

0 

X 

X 

DAC  I/O  Latch  Loaded  with 
DB15-DB0 

0 

1 

X 

X 

Contents  of  DAC  I/O  Latch 
Available  on  UBI5-DB0 

X 

X 

0 

1 

Contents  of  DAC  I/O  Latch 
Transferred  to  DAC  Latch 

X 

0 

X 

0 

DAC  Latih  iLoaded  with 
000  ...  000 

X 

I 

X 

0 

DAC  Latch  Loaded  with 
100  ..  .  000 

ISiic 


Figure  15.  AD7846  Input  Control  Logic 


I   J-'i:^,'  ,        jri  -i^ui  uiy^  t'-.'"  '-J''-^ 

:•  ■■!•  ;:/  jr!         .  '       r  .        ,  )  : 


Table  II.  AD7846  Control  Logic  Truth  Table 

Data  is  transferred  from  the  input  latch  to  the  DAC  latch  with 
the  LDAC  strobe.  The  equivalent  analog  value  of  the  DAC 
latch  contents  appears  at  the  DAC  output.  The  CLR  pin  resets 
the  DAC  latch  conteiits  to  000  .  .  .  000  or  100  ..  .  000,  depend- 
ing on  the  state  of  R/W.  Writing  a  CLR  loads  000  ...  000  and 
reading  a  CLR  loads  100  ..  .  000.  To  reset  a  DAC  to  OV  in  a 
unipolar  system  the  user  should  exercise  CLR  while  R/W  is  low; 
to  reset  to  OV  in  a  bipolar  system  exercise  the  CLR  while  R/W 
is  high. 

D/A  Conversion 

Figure  16  shows  the  D/A  section  of  the  AD7846.  There  are 
ihict  DACs,  each  of  which  have  their  own  buffer  amplifiers. 
DACl  and  DAC2  are  4-bit  DACs.  They  share  a  16-resistor 
string  but  have  their  own  analog  multiplexers.  The  voltage  refer- 
ence is  applied  to  the  resistor  string.  DAC3  is  a  12-bit  voltage 
mode  DAC  with  its  own  output  stage. 

The  4J\iSBs  of  the  16-bit  digital  code  drive  DACl  and  DAC2 
while  the  12LSBs  control  DAC3.  Usmg  DACl  and  DAC2,  the 
MSBs  select  a  pair  of  adjacent  nodes  on  the  resistor  string  and 
present  that  voltage  to  the  positive  and  negative  inputs  of 
DAC3.  This  DAC  interpolates  between  these  two  voltages  to 
produce  tbe  analog^ntput  voltage.  i 


V«F-0 


Figure  16.  AD7846  D/A  Conversion 


DACl  switches  from  the  bottom  of  Segment  1  to  the  top  of  Seg- 
ment 2  while  DAC2  stays  comiected  to  the  top  of  Segment  1. 
The  code  driTing  DAC3  is  automatically  complemented  to  com- 
pensate for  the  inversion  of  its  inputs.  This  means  that  any  lin- 
earity .e£E;cts  doe  to  amplifier  offset  voltages  ronain  unchanged 
when  switching  bom  one  segment  to  the  next  and  16-bit  mono- 
tonicity  is  ensured  if  DAC3  is  monotonic.  So,  l/^-t>it  resistor  . 
matching  in  DAC3  guarantees  overall  16-bit  mdnotoniaty.  TU^ 
Itf  lW'"'tL  <i>uch  more  acheivable  than  the  16-bit  matching  which  a  con- 
ventional R-2R  structure  would  have  needed.  "  j  X 

Output  Stage 

The  output  stage  cS  the  AD7g46  is  shown  in  Figure  17.  It  is 
capable  of  driving  a  BcfVlOOOpF  load.  It  also  has  a  resistor 
feedback  network  which  allows  the  user  to  configure  it  for  gains 
of  one  or  tw;^  T(Met  I         ^  digGHf^.Qn^titi^oiefBr  that  are 
possible. 

An  additional  feature  is  that  the  output  buffer  is  configured  as  a 
track-and-hold  amplifier.  Although  normally  tracking  its  input, 
this  amplifier  is  placed  in  a  hold  mode  for  approximately  1(jls 
after  the  leading  edge  of  LDAC.  This  short  state  keeps  the 
DAC  output  at  its  previous  voltage  while  the  AD7846  is  inter- 
nally changing  to  its  new  value.  So,  any  glitches  that  occur  in 
the,mmsition  are  not  seen  at  £Ke  output.  In  systems  where  the 
LDAC  is  tied  permanently  liiw,  the  deglitching  will  not  be  in 
operation.  Figures  8  and  9  show  the  outputs  of  the  AD7846' 
with  and  without  the  deghtcher.  »ci  >  •  'i;o  >  .  ! 


DAC3 

Figure  17.  AD7846  Output  Steige 


  .-w  <w  wxwu      i«v  ii±jjou,  -r  jv  roicrence. 

Since  tied  to  OV,  da^output  ampltfier  has  a  gain  of  2  and 
the  ot^utitangeisfl  »yiWI/.  If  a  0  (e.+SV  range  is  required^ 

)t>stag^>for  a  I 
irof  ^iguce 


Aouldifeetied  to  V^^i^  go^l 
gain  ae  U  Table  III  gives<l]ifc&ad 


Binary  Number 
in  DAC  Latch 

Analog  Output 

(Vout) 

MSB  LSB 

iiu  iiu  nil  nil 
1000  0009,00000000 

0000  0000  DOOO  OOOA  , 
0000  0000  0000  ooob 

+  10(65535/65536)  V  ~ 
+  10  (32768/6SS36)  V 
+  10(1/6553^  V 
OV 

Table  III.  Code  Table  lor  Figure  18 

Offset  and  gain  may  be  adjusted  in  Figure  18  as  follows  :  To  ad- 
just offset,  disconnect  the  Vr^p   input  from  OV,  load  the  DAC 


with  all  Os  md  adjust  the  V„ 


voltage  until  V,,L-r  =  OV.  For 


gain  adjustment,  the  AD7846  should  be  loaded  with  all  Is  and 
Rl  adjusted  until  V„l.t  =  10(65535)/(65536)  =  9.999847V.  If  a 
simple  resistor  divider  is  used  to  vary  the  V^pp    voltage,  it  is 
important  that  the  temperature  coefficients  of  these  resistors 
match  that  of  the  DAC  input  resistance  {-300ppm/°C).  Other- 
wise, extra  offset  errors  will  be  introduced  over  temperature. 
Many  circuits  will  not  require  these  offset  and  gam  adjustments. 
In  these  circuits,  Rl,  can  be  omitted.  Pin  5  of  the  ADS86  may 
be  left  open  circuit  and  Hn  8  (Vkef-  )  of  the  AD7846  tied  to 
OV. 
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BIPOLAR  OPERATION 

Figure  19  shows  the  AD7846  set  up  for  ±  lOV  bipolar  operation, 
The  AD588  provides  precision  ±5V  tracking  outputs  which  are 
fed  to  die  Vkef+  and  V^ef  inputs  of  ^  AD7846.  Hie  code 
table  for  Figure  19  is  sfiown  in  Table  IV. 


Figure  19.  Bipolar  ±10V  Operation 


Binaiy  Nmnbcr 

Analog  Onqmt  _ 

inDACLatck 

(Vout) 

MSB             '  LSB 

nil  nil  nil  nu 

+ 10  (32767/32768)  V  y' 

1000  0000  0000  0001 

+  10  (1/32768)  V 

1000  0000  0000  0000 

OV 

0111  nil  nil  nil 

-10(1/32768)  V 

0000  0000  0000  0000 

-10(32768/32768)  V 

NOTE 

ILSB=  10V/2"=  10V/327«8  =  305|iV. 


L 


Table  IV.  Offset  Binary  Code  Table  for  Figure  19 

Full  scale  and  bipolar  zero  adjustment  are  provided  by  varying 
the  gain  and  balance  on  the  AD588.  R2  varies  the  gain  on  the 
ADS88  while  R3  adjusts  the  +5V  and  -5V  outputs  together 
with  respqpL;^  pnund. 

For  bipolar  zero  adjustment  on  the  AD7846,  load  the  DAC  with 
100  ...  000  and  adjust  R3  until  Vout=OV.  Full  scale  is  ad- 
justed by  loading  the  DAC  with  all  is  and  adjusting  R2  until 
Voirr  =  9.99%94V. 

When  bipolar  zero  and  full  scale  adjustment  are  not  needed,  R2 
and  R3  can  be  omitted,  Pin  12  on  the  AD588  should  be  con- 
nected to  Pin  11  and  Pin  5  should  be  left  floating.  If  a  user 
wants  a  ±5V  output  range,  there  are  two  choices.  By  tying  Pin 
6<R,NXof  the  AD7846 

to  Vqut  (Pin  5),  the  output  stage  gain  is 
reduced  to  unity  and  the  output  range  is  ±5V.  If  only  a  positive 
+SV  reference  is  available,  bipolar  ±5V  operation  is  still  possi- 
ble. Tie  Vref  OVand  connect  Rin  to  V^ef—  This  will  also 
give  a  ±SV  outi:|Ut  range.  iitnKeitK,  the  linearity,  gain,  and  off- 
set error  specifications,  will]be  the  same  as  the  unipolar  0  to 
-t-5V  range.  ,  - 

Other  Output  Voltage  Ranges 

In  some  cases,  users  may  require  output  voltage  ranges  other 
than  tliose  already  medtiiMeid.' One  example  is  systems  which 


need  the  output  voltage  to  be  a  whole  number  of  millivolts  (i.e. 
ImV,  2mV,  etc.).  If  the  AD689  (8.192V  reference)  is  used  with 
the  AD7846  as  ifl  Figure  20,  then  the  LSB  size  is  125m,V.  This 
makes  it  possible  to  program  whole  millivolt  values  at  the  out- 
put. Table  V  shows  the  code  table  for  Figure  20. 


SIGNAL  GROUND 


•ADDITIONAL  PINS 
OMITTED  FOR  CLARITY 


Figure  20.  Unipolar  Output  with 


Binary  Number 
in  DAC  Latch 

Analog  Output              .   >  > 

MSB  LSB 

nil  nil  nil  iiii 

1000  0000  0000  0000 
0000  0000  0000  1000 
0000  0000  0000  0100 
0000  0000  0000  0010 
0000  0000  0000  0001 

8. 192V  (65535/65536)  =  8.1919V 
8.192V  (32768/65536)  =  4.096V 
8.192V  (8/65536)  =  O.OOIV 
8.192V  (4/65536)  =  0.0005V 
8.192V  (2/65536)  =  0.00025V 
8.192V  (1/65536)  =  0.000125V 

NOTE 

lLSB-8.192V/2"=125^lV. 

Table  V.  Code  Table  for  Figure  20 
Multiplying  Operation 

The  AD7846  is  a  full  multiplying  DAC.  To  get  four-quadrant 
multiplication,  tie  Vr^f   to  OV,  apply  the  ac  input  to  Vkri-. 
and  tie  R,^,  to  V^ef.-  Figure  6  shows  the  Large  Signal  Fre- 
quency Response  when  the  DAC  is  used  in  this  fashion. 
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TEST  APPLICATION 

Figure  21  shows  the  AD7846  in  an  Automatic  Test  Equipment 
application.  The  readback  feature  of  the  AD7846  is  very  useful 
in  these  systems.  It  allows  the  designer  to  eliminate  phantom 
memory  used  for  storing  DAC  contents  and  increases  system 
reliability  since  the  phantom  memory  is  now  effectively  on  cl^p 
with  the  DAC.  The  readback  feature  is  used  in  the  foiUowiiig 
manner  to  control  a  data  transfer.  First,  write  the  desired  16-bit 
word  to  the  DAC  input  la^,its^,|^  GS  and  R/W  inputs. 
Verify  that  correct  data  has  been  received  by  reading  back  the 
latch  contents.  Now,  the  data  transfer  can  beicompleted„|;>y , 
bringing  the  asynchronous  LDAC  control  |ii|^^e#.  The  analog 
equivalent  of  the  ^^ml  «Mt  bp»  ai^ea^  a^ie  DAG  MQW. 


In  Figure  2 1 ,  each  pin  on  the  Device  Under  Test  can  be  an  in- 
put or  output.  The  AD345  is  the  pin  driver  for  the  digital  in- 
puts, and  the  AD9687  is  the  receiver  for  the  digital  outputs. 
The  digital  control  circuitry  determines  the  signal  timing  and 
format. 

DACs  1  and  2  set  the  pin  driver  voltage  levels  (V„  and  Vl), 
and  DACs  3  and  4  set  the  receiver  voltage  levels.  The  pin  driv- 
ers used  in  ATE  systems  normally  have  a  nonlinearity  between 
input  and  output.  The  16-bit  resolution  of  the  AD7846  allows 
compensation  for  these  input/output  nonlinearities.  The  dc  para- 
metrics  shown  in  Figure  21  measure  the  voltage  at  the  device 
pin  and  feed  this  back  to  the  system  processor.  The  pin  voltage 
can  thus  be  fine-tuned  by  incrementing  or  decrementing  DACs 
1  and  2  imder  system  processor  control. 


1  ■   lOl  .riSi 


Figure  21.  Digital  Test  System  witti  16-Bit  Performance 


FOSmOIir  AiEASintEMENT  AMjiQATION 
F^ure  22  shows  the  AD7846  in  a  position  measurement  applica- 
tion using  an  LVDT  (Linear  Variable  Displacement 
Tiansducer),  an  ADfi30.  synchronous  demodulator  and  a  com- 
parator to  make  a  16-bit  LVDT-to-Digital  Convertor.  The 
LVOT  is  excited  with  a  fixed  frequency  and  fixed  ampUtude 
sine  wave  (usually  2.5kHz,  2V  pk-pk).  The  outputs  of  the  sec- 
ondary coil  are  in  anti-phase  and  their  relative  amplitudes  de- 
pend on  the  position  of  the  core  in  the  LVDT.  The  AD7846 
output  interpolates  between  these  two  inputs  in  response  to  the 
DAC  input  code.  The  AD630  is  set  up  so  that  it  rectifies  the 
DAC  output  signal.  Thus,  if  the  output  of  the  DAC  is  in  phase 
with  the  Vrep^  input,  the  inverting  input  to  the  comparator 
will  be  positive,  and  if  it  is  in  phase  with  V^^p,,  the  output  will 
be  negative.  By  turning  on  each  bit  of  the  DAC  in  succession 
starting  with  the  MSB,  and  deciding  to  leave  it  on  or  turn  it  off 
based  on  the  comparator  output,  a  16-bit  measuirement  of  the 
cone  position  is  obtained.   '        '<  ^        '  '- 


PROCESSOR  DATA  BUS 


■  .1  Tiiis:-l 


.TO 


Figftrm  ^,~AD784e  in  J^tion  ^easi^f^mont^pi^Ui^ion: 
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AD7846-8086  Interface  i 
Figure  23  shows  the  8086  1 6-bit  processor  interfacing  to  the 
AD7846.  The  double  buffering  feature  of  the  DAC  is  not 
used  in  this  circuit  since  LDAC  is  permanently  tied  to  OV . 
AD0-AD15  (the  16-bit  <lata  bus)  are  connected  to  the  DAC  data 
bus  (DB0-DB15).  The  16-bit  word  is  written  to  the  DAC  in  one 
MOV  instruction  and  the  analog  output  responds  immediately. 
In  this  example,  the  DAC  address  is  DOOOH. 


Figf/re^X  Ap7Sf6  to  SaBejpterface  Cirt^it,..    , ,- 

In  a  multiple  DAC  system,  the  double  buffering  of  the  AD7846 
allows  the  user  to  simultaneously  update  ail  DACs.  In  Figure 
24,  a  16-bit  word  is  loaded  to  the  input  latches  of  each  of  the 
DACs  in  sequence.  Then,  with  one  instruction  to  the  appropri- 
ate address,  CS4  (i.e.,  LDAO'is  Iwought  low,  updatii^^the^ 
DACs  simultaneously.  ■ '  '     •  ''-^ 


Figure  24. 


:  Multiple  DAC  System 


Interfacing  between  the  AD7846  and  MC68000  is  accomplished 
tilling  the  circuit  of  Figure  2S.  The  following  routine  writes. data-  ' 
to  the  DAC  latches  and  then  outputs  the  data  via  the  DAG      ■  i 
latch.  ' 


1000        MOVE.W  #W,  DO 


MOVE.W   DO,  $EOO0 


MOVE.W  #228,  D7 


TRAR, 

J  V- 


.#14 


The  desired  DAC  data,  W, 
is  loaded  into  Data  Register 
0.  W  may  be  any  value 
between  0  and  65535 
(decimal)  or  0  and  FFFF 
(hexadecimal). 
The  data,  W,  is  transferred 
between  DO  aid  aie;:DAe, 
register. 

Control  is  returned  to  the 
System  Monitor  using  these 
two  instructions. 


2_£ 


DATABUSf. 


CLR 
LDAC 


Figure  25.  4D7S4(|to«j5 


'0  /nfartes* 


DIGITAL  FEEDTHRQU^  ; 

In  the  preceding  interface  configurations,  most  digital  inputs  to 

the  AD7846  are  directly  connected  to  the  microprocessor  bus. 
Even  when  the  device  is  not  selected,  these  inputs  will  be  con- 
stantly changing.  The  high  frequency  logic  activity  on  the  bus 


ADDRESS  BUS 


DIR  G 

B  A 
BUS  8U 

2  X 
74LS245 


CLR 
LDAC 


rUNEAR  CIRCUITRY  i 
!  OMITTED  FOR  CLABITY .' 


Figure  26.  AD7846  Interface  Circuk  'Us'mg  Latches  to  Mini- 
mize Digital  Feedthrough 

noise  fan  Ae  analog  output.  To  minimize  tliis  Digital  Feed- 
t^iTgb  raeUtritlie  DAGfiom  the  noise  source.  Figure  26 
shows  an  interface  circuit  which  isolates  the  DAC  from  the  bus. 
■Note  that  to  make  use  of  the  AD7g46  ^igdba^  jtolure  using 
the  isolation  technique  of  Figiue  26,  the  tatdi  Heeds  to  be 
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Noise 

In  high  resolution  systems,  noise  is  often  the  limiting  factor. 
With  a  10  volt  span,  a  16-bit  LSB  is  152m.V  (-96dB).  Thus,  the 
noise  floor  must  stay  below  -96dB  in  the  frequency  range  of 
interest.  Figure  7  shows  the  noise  spectral  density  for  the 
AD.7846.  ,  , 

Groim^iig 

As  well  as  ncnsej  the  other  prime  consideration  in  high  resolu- 
tion DAC  systems  is  grounding.  With  an  LSB  size  of  1S2|jlV 
and  a  load  current  of  5mA,  ILSB  of  error  can  be  introduced  by 
series  resistance  of  only  O.OSfl. 

Figure  27  below  shows  recommended  grounding  for  the 
AD7846  m  a  typical  q>|>liq^oii. 


(+5V  ^~SV| 


Rl  to  R5  represent  lead  and  track  resistances  on  the  printed  cir- 
cuit board.  Rl  is  the  resistance  between  the  Analog  Power  Sup- 
ply ground  and  the  Signal  Ground.  Since  current  flowing  in  Rl 
is  very  low  (bias  current  of  AD588  sense  amplifier),  the  effect  of 
Rl  is  negligible.  R2  and  R3  represent  track  resistance  between 
the  AD588  outputs  and  the  AD7846  reference  inputs.  Because 
of  the  Force  and  Sense  outputs  on  the  AD588,  these  resistances 
will  also  have  a  negUgible  effect  on  accuracy. 

R4  is  the  tesistaiuie  between  the  DAC  output  and  the  load.  If 
R,^  is  constant,  then  R4  will  introduce  a  gain  error  only  which 
can  be  trimmed  out  in  the  calibration  cycle.  RS  is  the  resistance 
between  the  load  and  the  analog  common.  If  the  output  vQltage 
is  sensed  across  the  load,  RS  will  introduce  a  further  gain  error 
which  can  be  trinmied  out.  If,  on  the  other  hand,  the  output 
voltage  is  sensed  at  the  analog  supply  common,  RS  appears  as  -| 

part  of  the  load  and  therefore  introduces  no  errors.  ' 

I 

Printed  Circuit  Board  Layout  I 

Figure  28  shows  the  AD7846  in  a  typical  application  with  the 
AD588  reference,  producing  an  output  analog  voltage  in  the 
±  10  volts  range.  Full  scale  and  bipolar  zero  adjustment  are  pro- 
vided by  potentiometers  R2  and  R3.  Latches  (2x74LS24S)  iso- 
late the  DAC  digital  inputs  from  Ae  AC^re  imcropiac«ssar.bu&  < 
and  minimize  digital  feedthrough. 

The  printed  circuit  board  layout  for  Figure  28  is  shown  in  Fig- 
ures 29  and  30.  Figure  29  is  the  component  side  layout  while 
Figure  30  is  the  solder  side  layoa£'^%i^^l9^p|if^  ovietlay  is  ' 
shown  in  Figure  31. 

In  the  layout,  the  general  grounding  guidelines  given  in  Figure 
27  are  followed.  The  AD588  and  AD7846  are  as. close  as  ppssi- , 
ble,  and  the  decoupling  capacitors  for  these  |^,a}so       ,^  . .  , 
close  to  the  device  pins  as  possible. 


Figure  27.  AD7846  Grounding 


AD7846 


Figure  29.  PCB  Component  Side  Layout  for  Figure  28 
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Figure  30.  PCB  Solder  Side  Layout  for  Figure  28 
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Figure  31.  Component  Overlay  for  Circuit  of  Figure  28 
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FEATURES 

Complete  DAC  with  DSP  Interface,  Comprising: 

-  12-Blt  Voltage  Mode  DAC 

-  3  V  Zener  Reference 

-  Output  Buffer  Amplifier  with  4  |i,s  Settling  Time 

-  8  Word  FIFO  and  Interface  Logic  '--^ 
72  dS  Signal-to-Noise  Ratio 

interfaces  to  High  Speed  DSP  Processors, 
e.g.,  ADSP-21 00,  TMS320C2S,  TMS3201 0 
42  ns  min  WR  Pulse  Width 
Low  Power  -60  mW  typ 

APPUCATIONS 

Digital  Signal  ProcaMii^^  /i;ni  v 

Speech  Synthesis  '  '    .!  .  L'"^"!!:  _4   - 

iligh  Spaad  fHainmm 


FUNCTIONAL  BLOCK  DIAGRAM 


DSPSWM 


lijMd  witti  AP7878 


CTNERAL  DESCRIPTION 

The  AD7848  is  a  fast,  complete,  12-bit,  voltage  output  D/A 
converter  with  a  versatile  DSP  interface  consisting  of  an  8-word, 
first-in,  first-out  (FIFO)  memory  and  associated  control  logic. 

The  FIFO  memory  allows  up  to  eight  samples  to  be  loaded 
to  the  AD7848  at  full  microprocessor  speed.  The  samples  are 
tlien  loaded  to  the  DAC  register  tmder  control  of  an  asynchro- 
nous LDAC  signal.  A  fast  da^  :^^j>  time  of  20  ns  allows 
direct  interfacing  to  DSP  processins  andlES^  ^peed  16-1>it 
microprocessors. 

An  on-chip  status/control  lister  allows  the  user  to  ptogaim  the 
effective  length  of  the  FIFO  and  omtains  ¥lFp  empty,  FIFO 
fiiU  and  FIFO  word  count  infonnation. 

The  analog  output  &om  the  AD7848  provides  a  bipolar  output 
lange  of  ±3  V.  Full  power  output  signals  up  to  20  kHz  can  be 
cteate4  and  the  AD7848  is  (iilly  specified  for  dynamic  perfor- 
mance parameters  such  as  signal-to-noise  ratio  and  harmonic 
distortion. 

The  AD7848  is  fabricated  in  Linear  Compatible  CMOS 
(LC^MOS),  an  advanced,  mixed  technology,  process  that  com- 
bines precision  bipolar  circuits  with  low  power  CMOS  logic. 
The  part  is  available  in  a  28-pin  plastic  and  hermetic  dual-in-line 
package  (DIP)  and  in  a  28-tenninal  plastic  leaded  chip  carrier 
(PLCG). 


REFOUT  RffH 


Qdqnd 


PRODUCT  mGHUGHTS 

1.  Complete  D/A  Function  with  DSP  Interface 

The  AD7848  provides  the  complete  function  for  creating  ac 
signals  to  12-bit  accuracy.  The  part  features  an  on-chip  refer- 
ence, an  output  buffer  amplifier  and  12-bit  D/A  convener. 
The  additional  feature  of  an  8-word  FIFO  reduces  the  high 
software  overheads  associated  widi  servicing  peripherals  in 
DSP  processors. 

2.  Dynamic  Spedfications  for  DSP  Users 

The  AD7848  is  fiilly  specified  aq^JCf^^^^ae  paiMt«t^s, 
includn^  signal'Ui-niise  ratio  aniOiS^SiK,distQrtiw.,^'> 

3.  Fiist  Microprocessor  Interface 

Data  setup  times  of  20  ns  and  write  pulse  widths  of  42  ns 
make  the  AD7848  compatible  with  all  modem  16-bit  micro- 
processors and  digital  signal  processors.  Key  digital  timing 
parameters  are  also  tested  and  ^ecified  Ooer     fidl  opistat- 
ing  tempeiBtture  range.  ' 
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A07848 -SPECIFICATIONS 


(Voo  =  5  V±5%,  Vss  =  -5  V±5%.  AGND  =  D6ND  =  OV,  REF  IN  =  +3  V, 
Rl  =  2  kn,  Ci^  =  100  pF,  feu  =  10  MHz.  All  Specifications  T„|„  to  T„^ 
unless  otherwise  noted.) 


Parameter 

J.  A 

Versions^ 

K,  B 

VCfWUIS; 

Test  Conditioiis/Coiiunents 

DYNAMIC  PERFORMANCE^ 

Signal  to  Noise  Ratio^  (SNR)  @  •t-2S°C 

T^toT„ 
Total  Harmonic  Distortion  (THD) 

70 
70 

-80 

72 
70 

-80 

dB  min 
dB  min 

dB  typ 

four  =  1  kHz  Sine  Wove,  fauipu  =  100  kHz 
Typically  72  dB  at  -l-2S^  »fl<fc„T<20  kHz* 

four  =  1  kHz  Sine  Wave,  fjAMPLE  =  100  kHz 
Typically  -80  dB  at  ■t25°C  for  0<fouT<20  kHz* 
fijux  =  1  kHz  Sine  Wave,  Isample  —  100  kHz 
'^TjifKilly  —80  dB  at  -(-25X  for  0<foin»*^"*Har 

Peak  Harmonic  or  Spurious  Noise 

-80 

-80 

dBtyp 

DC  ACCURACY 
Resolution  "* 
Relative  Accuracy 
Differential  Nonlinearity 
Bipolar  Zero  Error 
Positive  Fun-Scale  Eiior ' 
Negative  Full-Scale  Errot^ 

12 

±1 

±1/2 

±4 

±4 

±4 

12 

±1/2 

±1/2 

±4 

±4 

±4 

Bits 

LSB  typ 
LSB  typ 
LSB  max 
LSB  max 
LSB  max 

-o.-i  '■     ;■>  ^  .■ 

REFERENCE  OUTPUT* 
REF  OUT 

REF  OUT  Error  @  +25°C 

T^  to  T^ 
Reference  Load  Sensitivity 

(4REF  OUT/AI) 

3 

±10 
±15 

-1 

3 

±10 

-1 

V  nom 
mV  max 
mV  max 

mV  max 

RefiMiKC  Ijud  Current  Change  (0-500  |iA) 

REFERENCE  INPUT , 
REF IN          1  i 

Input  Current  — 

2.85 
3.15 
±1 

2.85 
3.15 
±1 

V  min 

V  max 
mA  max 

LOGIC  INPUTS  - 
Input  High  Voltage, 
Input  Low  Voltage,  V^jl 
Input  Current,  I^ 
Input  CqnciamiB^G^|~|^ 
Input  Coding 

2.4 
0.8 
±10 
10 

2sCoi 

2.4 
0.8 
±10 
10 

nplement 

V  min 

V  max 
pA  max 
pF  max 

V^D  =  5  V±5% 
Vdd  =  5  V±5% 
Vn,  =  0  V  to  Vdd 

LOGIC  OUTPUTS 

Output  High  Voltage,  Vqh 

Output  Low  Voltage,  Vol 

DBll-DBO 
Floating  State  Leakage  Current 
Floating  State  Output  Capacitance^ 

2.7 
0.4 

10 
15 

2.7 
0.4 

10 
15 

V  min 

V  max 

|iA  max 
pFmax 

IsouKCE  —  ^ 
Isnac  —  1.6  mA 

ANALOG  OUTPUT                 "  ^  ■  ■ 
Output  Voltage  Range        IliW  baMti: 
DC  Output  Impedance 
Short  Circuit  Current 

±3 
0.2 
25 

±3 
0.2 
25 

V  nom 
ntyp 
mA  typ 

,Hr>,.»:   ir."::  i,ti..:0  IrOW  OHK         '  '/> 

AC  CHARACTERISTICS' 
Voltage  Output  Settling  Time* 

Positive  Full-Scale  Change    '   '  ■     '  ' 

Negative  Full-Scale  Change 
Digital-to- Analog  Glitch  Inpidse'. 
Digital  Feedthrough' 
CLK  IN  Feedthrough 

••'  4"'^ 
4  , 
10 
2 
2 

4 
4 

10 

2 

2 

|JLS  max 
fjLS  max 
nV  sees  typ 
nV  sees  typ 
mVtyp 

DAC  Cpde  Change  AU  Is  to  All  Os         ^  ... 

POWER  REQUIREMENTS  , 
Vss 

Il>D 

Power  Dissipation 

+5  "" 
13 
6 
95 

■+5 
■  -5 
13 

6 

95 

mA  max 
mA  max 
mW  max 

±5%  for  Specified  Perfomuince   '         " '  ' 
±5%  for  Specified  Performaiue 
CS  =  DMWR  =  DMRD  =  Data  Inputs  =  5  V; 
Output  Unloaded 

CS  =  DMWR  =  DMRD  =  Data  Inputs  =  5  V; 
Output  Unloaded 
Typically  60  mW 

NOTES 

'Temperamre  ranges  are  as  fidlows:  J,  K  VetwBis,  0  to  -H7D"C;  A,  B  Verakns,  -2S°C  to  -l-gS°C. 

XuT  =  ±3  V. 

'SNR  includes  distortion  and  noise  components. 

*Using  external  sample-and-hold  (see  Testing  the  AD7848). 

^Measured  with  respea  to  REF  IN  and  includes  bipolar  effiet  emir. 

'For  capadtive  loads  greater  than  SO  pF  a  series  resistor  is  reqniied  (see  INTERNAL  REFERENCE 
'S^ple  tested  @  +2S'*C  to  ensure  compliance. 
'Measnted  widi  CLK  IN  mppad. 
Spedfiatkna  snbject  to  diange  mdwat  notice. 
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TIMING  CHARACTERISTICS V„„  = 


+5  V±5%,  Vss  =  -5  V±5%,  AGND=DGND=0  V) 


Limit  at  T^, 

Limit  at  T^, 

Parameter 

(J,  A,  Verstons) 

(K,  V  Venioiw) 

Units 

Conditions/Comments 

(, 

42  , 

ns  min 

INTERNAL  WRITE  Pulse  width 

5 

1  p@irM 

QS  mill 

Anno  tn  TNTFRKAT  WRTTF  Spmn  Timp 

0 

~o 

ns  min 

ADDO  to  INTERNAj.  WRITE  Hold  Time 

»4 

t,-12 

ti-32 

ns  min 

Data       ^  Qfl^illi;  Wlllt'E  Setup  Time 

or  50^ 

or  50^ 

10 

10 

ns  min 

Data  Valid  to  INTERNAL  WRITE  Hold  Time 

\ 

l.SCLKINGyBk*  i 

1.5  CLK  IN  Cycles 

min 

LDAC  Pulse  Width 

0 

0 

ns  min 

CS  to  DMRD  Setup  Time 

\ 

0 

ns  min 

CS  to  DMRD  Hold  Time 

«» 

Ml 

ns  min 

DMRD  Pulse  Width 

tio' 

57 

41 

ns  max 

Data  Access  Time  after  DMRD 

5 

5 

ns  min 

45 

45 

ns  max 

NOTES 

'Timing  Specifications  in  bold  print  are  100%  production  tested.  All  other  times  are  sample  tested  at  +25°C  to  ensure  compliance.  AU  iiqnlt  signids. 

are  specified  with  tr  -  tf  =  5  ns  (10%  to  90%  of  5  V)  and  timed  from  a  voliage  level  of  1.6  V. 

^The  smaller  number  of  these  two  is  the  required  data  setup  time,  i.e.,  for  narrower  write  pulses  a  shorter  setup  time  is  required.  J> 
^  tjq  is  measured  with  the  load  circuits  of  Figure  1  and  defiiied  as  the  time  required  for  an  output  to  cross  0.8  V  or  2.4  V. 
^1,  is  defined  as  the  time  reqiiired  for  the  data  lines  to  change  0.5  V  when  loaded  With  the  drcuits  of  Figure  2  ' 

Specifications  subject  to  change  without  notice.  ' 


ABSOLUTE  MAXIMUM  RATINGS* 

(Ta  ^  +25°C  unless  od^pnrisc  siate^  ,  / 

Vdd  to  AGND     -0.3  V  to  +7  V 

Vss  to  AGND  +0.3  V  to  -7  V 

AGND  to  DGND   -0.3  V  to  Vdd+0.3  V 

VouT  to  AGND  Vss-0.3  V  to  Vdd+0.3  V 

REF  IN  to  AGND  -0.3  V  to  Vdd+0.3  V 

REF  OUT  to  AGND   -0.3  V  . to  Vdd+0.3  V 

Digital  Inputs  to  DGND  -0.3  V  to  Vdd+0-3  V 

Digital  Outputs  to  DGND  .  -0.3  V  to  Vdd+0.3  V 

Operating  Temperature  Range    ,  i     ■  c 

Commercial  (J,  K  Versions)  *r,v .. .  .0  to  +70°C 

Industrial  (A,  B  Versions)  -25°C  to  +85°C 

Storage  Temperature  Range   -SS'Cto  +lSO^ 

Lead  Temperature  (Soldning,  10  sees)  +300°C 

Power  IMssq)«4«j(;i|^,l[|^taBci)  je,!b7$'1&^}B»\»^ 

Derates  above  +75*0  by   10  mWTC 


:MT  T! 


*StK>MS  iboK  those  listed  under  "Absolute  Maximum  Ratings"  may  cauae 
pemuiidir  dam^  to  the  deviee.  Tlnd  is  a  stress  rating  only  and  fiinctional 
opeiation  of  ^  device  at  these  or  any  other  conditiaos  above  il»se  listed 
in  ^  qptt!adonal  secticms  <£  this  speofication  is  not  implied.  Exposuxe  to 
abfohuA  ma^mftm  rating  conditions  for  extended  periods  may  afifect  devke 


ORDERING  GUIDE 


m. 


Model 

Temperature 
Range 

SNR  (dBs) 

Package 
Option* 

AD7848JN 

0°C  to  +70°C 

70  min 

N-28 

AD7848KN 

0°C  to  +70°C 

72  min 

N-28 

AD7848JP 

0°C  to  +70°C 

70  min 

P-28A 

AD7848KP 

0°C  to  +70°C 

72  min 

P-28A 

AD7$48AQ 

-25°C  to  +85°C 

70  min 
72iiiai 

Q-28 
Q-2^ 

*N  =  Plastic  DIP;  P  =  Plastic  Leaded X^Ciziier;  Q  =.Qe>dq>.  For  pvt- 
line  infimnaiian,  see  Package  bfomiaiion  section.        ' ' 


56  kn  s       so  pF 


+a  v 


^SOpF 


a.  H\gh-Z  to  Vqh  Wm.  to  High-Z 

Figuee  1.  Loaei  Ciaeuits  for  Ace^s^Time 


+5  V 

DSN  — I  1— 

i  lOpF 

a.  VoH  to  High-Z  b.  Vol  to  High-Z 

Figure  2.  Load  Circuits  for  Output  Float  Delay 


CAUTION  

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shimts.  The  protective  foam 
tei]dJ>edjschat8edtn^itaination.aQ^ethetoedcndce»m^   ,  


DMflD 
LDAC  [V 
ALMT  [V 

dgwd[T 

DB11  [~9~ 
DBIO 

oa»[i7 

DBsQz 

DB7Q3 


AD7848 

TOP  VIEW 
(Not  to  ScAitl 


ZS]  REF  OUT 

3  v.. 

23]  Vqut 
^  AGND 

"zo]  OBO 
^  DB1 
"ib]dB2 
"l7]oB3 
"iTj  DB4 

1s]dbb 


almtIT 

DGNo[7 

 Aomu 

TOPVIEW 

[Wilt  III  ftiriiil 
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Pm  FUNCTION  DESCKIFTION 


Pin 
No. 


Pin 

iVfnmonic 

■-j^  


cs 


DMWR 


DAiRD 


LDAC 


ALMT 


DGND 


7 

8  Vdd 
9-iO  DBU-DBO 


21 
22 
23 

24 
25 

26 


'DD 

AGND 

Vss 

REF  OUT 


REF^ 


27  RESET 

28  CLKiN 


Eduction 

Address  Inpnt.  Tins  input  determines  ^irtwther  die  word  on  the  data  bm  duriiya  WlMii  uiieaiion  is  loaded 
to  die  FIFO  RAM  or  to  the  status/conaol  legister.  A  logic  low  selects  the  FIFO  memory,  ^lile  a  logic 
fi^'satie&tiA'  stayafcoittrol  register  (see  Statas/Control  Register  section). 

Chip  Select.  Active  low  logic  input.  The  device  is  selected  when  this  input  is  active. 


Data  Memory  Write.  Active  low  logic  input.  DMWR  is  used  in  conjunction  with  CS  to  write  dau  to^ either 
the  FIFO  memory  or  the  status/control  register.  QmespiHids  diiecdy  |p  PM'^i(A)^P''2lQ9i)>  R/W;, , 
(MC68000,  TMS320C25),  WE  (TMS32010). 


Data  Memory  Read.  Active  low  logic  input.  DMRD  is  used  in  conjunction  with  CS  low  to  access  data  from 
the  status/control  register.  Corresponds  directly  to  DMRD  (ADSP-2100),  DEN  (TMS32010). 

Loiii  i)AC.  Logic  inpiit.  A  new  word  is  loaded  to  the  DAC  register  from  FIFO  memory  Location  0  on  the 
■  faffing'  edge  of  this  signal.  The  LDAC  input  js  asynchronous  to  CLK  IN  and  is  jwdqwadi^  of  C^, 
DMWR  and  DMRD.  A  softwiie  lCSC  can  be  performed  by  writing  to  the  conwd  iii^ter  (see  STATUS/ . 
CONp:^L  REGISTER  section). 

FIFO  Almost  Empty.  A  logic  low  indicates  that  the  word  count  (i.e.,  number  of  data  words  in  the  FIFO) 
has  reached  the  programmed  almost  empty  word  count  in  the  status/control  register.  ALMT  is  updated  ' 
after  every  LDAC  operation.  The  ALMT  output  can  be  disabled  (i.e.,  set  to  a  logic  high)  by  writing  a 
Logic  1  to  DB7  (ENAL)  of  the  status/control  register.  The  ALMT  status  can  tl^  be^^mimtiiny  nadtog  ' 
the  sums  register  (see  STATUS/CONTROL  REGISTER  section).  ^  .iVA.D'j. 

Digital  Ground.  Ground  reference  for  digital  drcuiti^;  ^  ] .  _  ^^'j^^^ 

Positive  Supply  Voltage,  +5  V±5%. 

Data  Bit  11  (MSB)  to  DBO  (LSB).  Three-state  TTL  input/outputs.'Ci)dilig  for  data  words  is  2s 
complement. 

Positive  Supply  Voltage,  +5  V±5%.  Same  as  Pin  8;  both  pins  must  be  tied  together  at  the  package. 

Analog  Ground.  Ground  reference  for  DAC,  refownce  and  output  buffer  amplifier. 

Analog  Output  Voltage.  This  is  the  buffisr  amplifier  output  Dotage.  Bqmlar  output  range  (±3  V  with  REF 
IN  =  +3  V). 

Negative  Supply  Voltage,  —  5  V±5%. 

Voltage  Reference  Output.  The  internal  3  V  analog  reference  is  provided  at  this  pin.  To  operate  the 
AD7848  with  internal  reference,  REF  OUT  should  be  (^E^eeted  to  REF  IN.  The  external  load  capability 
of  the  reference  is  SOO  |iA. 

Voltage  Reference  Input.  The  reference  voltage  for  the  DAC  is  applied  to  this  pin.  It  is  internally  buffered 
before  being  appUed  to  the  DAC.  The  nominal  reference  voltage  for  correct  operation  of  the  AD7848  is 

3V.  ■■. 

Reset.  Aiaive  kMr  li|^ii^aC,>iAt''lb8ic  low  clears  the  words  imte  mO^  memory  aBd  die  coHteots  of  the 
DAC  Twister  to  0000  0000  0000  and  resets  the  status/control  r^istn  and  control  logic. 

Input.  TTL  compatible  logic  input.  Used  as  the  clock  source  for  all  internal  dynamic  logic  and 
provides  synchronization  during  bus  transactions.  The  mark/space  ratio  of  this  clock  can  vary  from 
3S/6S  to  eS/S^j^^i^c^^  INTERNAL  WRITE  dming  is  obeyed  (see  READ/WRITE  Operations 
section). 
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Table  I.  Status/Control  Bit  Function  Description 


BIT  LOCATION 

DBll 

DBIO 

DB9 

DBS 

DB7 

DB« 

DBS 

DB4 

DB3 

DB2 

DBl 

DBO 

STATUS  INFORMATION  (READ) 
CONTROL  FUNCTION  (WRITE) 
RESET  STATUS 

ALMT 

X 

0 

AEC2 

AEC2 
0 

AECl 

AEC! 

ij 

AECO 

ENAL 

FFUL 

0 

FEMP 

X 

FUND 

X 

FC2 

FCl 

X 

FCO 

X 

0 

T  p.  A  r 

X  =  DONT  CARE 

STATUS/  CONTROL  REGISTER 

The  AD7848  contains  two  on-chip  registers  -  a  status  register 
for  monitoring  the  status  of  the  FIFO  memory  and  a  control 
register  to  provide  control  for  the  FIFO  memory  functions. 
Because  both  registers  reside  at  the  same  address  and  much  of 
the  information  is  common  to  both  they  are  treated  here  as  a 
common  status/control  register.  Read  operations  from  the  status/ 
control  register  access  data  from  the  siMatri0^j-tA^'waxt 
operations  are  to  the  control  register.  ' 

The  register  is  directly  accessible  thiough  the  data  bus 
(DBll-DBO)  with  a  read  or  a  write  operation  when  ADDO  is 
high.  A  write  operation  provides  control  for  the  ALMT  output, 
DAC  register  updates  and  FIFO  word  count  reset.  This  is  nor- 
mally done  on  power-up  initialization.  The  FIFO  memory 
address  pointer  is  decremented  after  every  DAC  register  update 
and  this  pointer  is  compared  with  a  preprogrammed  count  in 
the  status/control  register.  When  this  preprogrammed  coimt  is 
reached,  the  ALMT  output  is  asserted  if  the  ENAL  control  bit 
is  set  to  0.  This  ALMT  can  be  used  to  interrupt  the  micropro- 
cessor after  any  predetermined  number  of  DAC  register  updates 
(between  1  and  8).  The  status  of  the  address  pointer,  along  with 
FIFO  underflow,  FIFO  empty  and  ALMT  status  can  be 
accessed  at  any  time  by  reading  the  status/control  register.  Note, 
reading  from  the  status/control  register  does  not  canae  a^  intidr- 
nal  movement  in  the  FIFO  memoiy.  •  ^         1 1 

STATUS/CONTROL  REGISTER  FUNCTION 

DESCRIPTION 

DBII  (ALMT) 

Almost  Empty  Flag.  Read  only.  This  is  the  same  as  the  Pin  6 
(ALMT  output)  status.  A  logic  low  indicates  that  the  word 
count  in  the  FIFO  memory  has  reached  the  preprogrammed 
word  cotmt  in  bit  locations  DB10-DB8.  ALMT  is  updated  at 
the  end  of  an  LDAC  operation.  ALMT  is  active  following  a 
device  reset  because  both  the  FIFO  wiM'£()iim..aAd'dle  almost 
empty  word  count  are  000.  '  ' '    '  ' 

DB10-DB8  (AEC2-AEC0) 

Almost  Empty  Word  Count.  Read/Write.  The  coimt  value 
determines  the  number  of  words  in  the  FIFO  memory  which 
will  cause  ALMT  to  be  set.  When  the  FIFO  word  count  equals 
the  programmed  count  in  these  three  bits,  then  both  the  ALMT 
output  and  DBll  of  the  status/control  register  are  set  to  a  logic 
low.  For  example,  when  a  code  of  01 1  is  written  to  these  bits, 
ALMT  is  set  when  only  Location  0  through  Location  3  of  the 
FIFO  memtary  otnitain  viUd  data.  AEC2  is  the  most  significant 
bit  of  the  word  count.  The  count  value  can  be  read  back  if 
required. 


DB7  (ENAL) 

Enable  Almost  Empty.  Read/Write.  Writing  a  1  to  this  bit  dis- 
ables the  ALMT  output  and  statu.s/control  register  bit  DBll, 


DB6  (FFUL/RESET) 

FIFO  Full/Reset.  Read/Write.  Reading  a  0  from  this  bit  indi- 
cates that  there  are  8  words  in  the  FIFO  memory  (i.e.  the  FIFO 
is  full).  Writing  a  1  to  this  bit  location  will  cause  a  system  reset 
as  per  the  RESET  input  (Pin  27). 


DBS  (LDAC) 

Load  DAC.  Write  only.  Writing  a  0  to  this  location  causes  the 
sample  in  Location  0  of  the  FIFO  to  be  loaded  into  the  DAC 
legista;.  The  function  of  this  tut  is  the  same  as  the  LDAC  input 
(Kn^). 

DB4<FEMF) 

FIFO  Empty.  Read  only.  Reading  a  I  indicates  that  there  are 
no  words  in  FIFO  memory.  When  the  FIFO  is  empty,  any  fur- 
ther LDAC  operations  will  continue  to  update  the  DAC  register 
with  the  contents  of  Location  0  of  dw  FIFO.  I 

DB3  (FUND)  -  ! 

FIFO  Underflow.  Read  only.  If  the  FIFO  memory  is  empty  and 
further  DAC  register  updates  occur,  then  this  bit  is  set  to  a  1.  It 
will  remain  set  imtil  an  LDAC  operation  occurs  with  valid  data 
in  FIFO  Location  0. 

DB2-DB0  (FC2-FC0) 

FIFO  Word  Count.  Read  only.  The  value  read  from  these  bits 
indicates  the  number  of  words  in  FIFO  memory.  For  example, 
reading  Oil  from  these  bits  indicates  that  Location  0  through 
Location  3  contain  valid  data.  Note,  reading  all  Os  indicates  that 
there  is  either  one  word  or  no  word  in  the  FIFO  memory;  in 
this  case,  the  FIFO  Empty  determines  if  there  is  no  word  in 
memory.  FC2  is  the  most  significant  bit. 

b/A  SECTION 

The  AD7848  contains  a  12-bit  voltage  output  D/A  converter 
consisting  of  highly  stable  thin  film  resistors  and  high  speed 
NMOS  single  pole,  double  throw  switches.  The  simplified  cir- 
cuit diagram  for  the  DAC  section  is  shown  in  Figure  3.  The 
three  MSBs  of  the  data  word  are  decoded  to  drive  the  seven 
switches  A-G.  The  9  LSBs  switch  a  9-bit  R-2R  ladder  structure. 
The  ouQnit  voltage  ftom  iffia  converter  has  the  same  polarity  as 
the  refemice  voltage,  REF  IN. 
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The  REF  IN  voltage  is  internally  buffered  by  a  unity  gain 
amplifier  before  being  applied  to  the  D/A  converter  and  the 
bipolar  bias  circuitry.  The  D/A  converter  is  configured  and 
scaled  for  a  3  V  reference  and  the  device  is  tested  with  3  V 
applied  to  REF  IN.  Operating  the  AD7848  at  reference  voltages 
outside  the  ±5%  tolerance  range  may  result  in  degraded  perfor- 
mance from  the  part. 

INTERNAL  REFERENCE 

The  AD7848  has  an  on-chip  temperature  compensated  buried 
Zener  reference  (see  Figure  4)  which  is  factory  trimmed  to 
3  V±  10  mV.  The  reference  voltage  is  provided  at  the  REF 
OUT  pin.  This  reference  can  be  used  to  provide  both  the  refer- 
ence voltage  for  the  D/A  converter  and  the  bipolar  bias 
circuitry.  This  is  achieved  by  connecting  the  REF  OUT  pin  to 
the  REF  IN  pin  of  the  device. 


Figure  4.  Internal  Reference 


The  reference  voltage  can  also  be  used  as  a  reference  for  other 
components  in  the  system  and  is  capable  of  providing  up  to 
500  ^A  to  an  external  load.  The  maximiun  recommended  capac- 
itance on  REF  OUT  for  normal  operation  is  50  pF.  If  the  refer- 
ence is  required  for  external  use,  it  should  be  decoupled  to 
lAGND  with  a  200  Q  leastOBHtSerieriwitti  a  fiuaM  combinar 
tion  of  a  10  (xPtMitilum  capBettor.and&O.l  |*Eceraiiuc. 
capacitor.  \-  ir  uT!'    •  '  ,-• 

EXTERNAL  REFERENCE 

In  some  applications  the  user  may  require  a  system  reference  or 
some  other  external  reference  to  drive  the  AD7848  reference 
input.  Figure  5  shows  how  the  AD586  5  V  reference  can  be 
conditioned  to  provide  the  3  V  reference  required  by  the 
AD7848  REF  IN.  An  alternate  soturce  of  reference  voltage  for 
the  AD7848  in  systems  which  use  both  a  DAC  and  an  ADC  is 
to  use  the  REF  OUT  voltage  of  an  ADC  such  as  the  AD7878.  A 
circuit  showing  this  arrangement  is  outlined  in  Figure  16. 


&  HiSSe  Driving  AD7848  REF  IN 


OP  AMP  SECTION 

The  output  from  the  converter  is  buffered  by  a  noninverting 
amplifier.  Internal  scaling  resistors  on  the  AD7848  configure  the 
output  voltage  for  ±  3  V  from  an  input  reference  voltage  of 
+  3  V.  Figure  5  shows  the  arrangement  of  these  resistors  around 
the  output  op  amp.  The  buffer  amplifier  is  capable  of  develop- 
ing ±3  V  across  a  2  kfl  and  100  pF  load  to  ground  and  can  pro- 
duce 6  V  peak-to-peak  sine  wave  signals  up  to  a  frequency  of 
20  kHz. 

The  output  is  updated  on  the  falling  edge  of  the  LDAC  input. 
For  a  software  DAC  update,  the  output  is  updated  on  the  next 
rising  clock  edge  after  receiving  a  software  LDAC.  The  ampli- 
fier settles  to  within  1/2  LSB  of  its  final  value  in  typically  less 
than  2  (is  for  a  full-scale  output  change. 

TRANSFER  FUNCTION 

The  baac  d«9{iit5;c{iifiguration  for  the  AD7848  is  shown  in  Fig- 
ure 6.  Table  n  sbows  the  ideal  input  code  to  output  voltage 
relationship  for  this  configuration.  Input  coding  to  the  DAC  is 
2s  complement  with  I  LSB  =  FS/4d%  =  6  V/4096  = 
1.465  mV.  The  output  voltage,  Vqutj  can  be  expressed  in 
terms  of  the  input  code,  N,  using  the  following  relationship: 


Figure  6.  Basic  Connection  Diagram 


DAC  Latch  Contents 
MSB  LSB 

Analog  Output,  Vqut* 

QUI  nil  nil 

-1-2.998535  V 

Gill  nil  1110 

-1-2.99707  V 

0000  0000  0001 

-1-0.001465  V 

0000  0000  0000 

0  V 

nil  nil  nil 

-0.001465  V 

1000  0000  0001 

-2.998535  V 

1000  0000  0000 

-3  V 

•Assuming  REF  IN  =  +3  V. 


Table  II.  Ideal  Input/Output  Code  Table 
INTERNAL  FIFO  MEMORY 

The  internal  FIFO  memory  of  the  AD7848  consists  of  eight 
memory  locations,  each  memory  location  12  bits  wide.  A  block 
diagram  of  the  AD7848  FIFO  architecture  is  shown  in  Figme  7. 

Data  is  loaded  to  the  FIFO  under  control  of  CS  and  UMWK. 
The  FIFO  Address  Pointer  always  points  to  the  top  of  memory 
i.e.,  the  uppomott  location  which  contains  valid  data.  This 
pcnnter  is  inctemeiiMd  viien  a  new  word  is  taled  tihbe  FIFO 
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fiom  the  data  bus.  Data  is  loaded  from  the  FIFO  to  the  DAC 
regjgter  under  control  of  an  asynchronous  LDAC  signal.  When 
LDAC  is  asserted,  the  data  contained  in  the  bottom  location  of 
the  FIFO  (Location  0)  is  transferred  to  the  DAC  register.  On 
completion  of  this  transfer  operation,  each  word  in  the  FIFO 
moves  down  one  location  and  the  Address  Pointer  is  decre- 
mented by  one.  Therefore,  each  data  word  enters  at  the  top  of 
memory,  propagates  down  with  successive  LDAC  operations 
until  it  reaches  Location  0  from  where  it  can  be  transferred  to 
^  DA6  register. 
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Figure  7.  Internal  FIFO  Architecuture 

The  propagation  of  data  words  down  the  FIFO  occurs  in  syn- 
chronization with  the  AD7848  input  clock  (CLK  IN).  As  a 
result,  a  write  operation  to  the  FIFO  memory  must  also  be  syn-' 
chronous  with  CLK  IN.  If  the  write  operation  is  not  synchro- 
nous with  a  CLK  IN  cycle  or  if  the  DMWR  line  goes  low 
within  20  ns  prior  to  a  rising  edge  of  CLK  IN,  the  AD7848 
logic  will  stop  operating  correcdy.  This  means  that  in  systems 
where  the  AD7848  CLK  IN  is  not  derived  from  the  micropro- 
cessor clock,  the  CLK  IN  and  DMWR  signals  will  have  to  be 
synchronized  externally. 

The  updating  of  the  status  register  following  data  movements  in 
the  FIFO  also  occurs  in  synchronization  with  CLK  IN.  The 
status  register  is  updated  on  the  next  rising  CLK  IN  edge  after 
DMWR  goes  low.  A  setup  time  of  70  ns  is  required  between  the 
falling  edge  of  DMWR  and  the  rising  edge  of  CLK  IN  to 
ensure  that  the  status  register  update  takes  place  on  that  rising 
edge;  otherwise  the  update  will  slip  to  the  next  rising  edge  of 
CLK  IN.  If  the  AD7848  is  operated  with  a  DMWR  to  CLK  IN 
setup  time  of  less  than  70  ns,  the  updating  of  the  status  register 
does  not  take  place  on  the  same  clock  cycle  but  data  is  written 
correcdy  to  the  FIFO.  This  means  that  in  these  situations  the 
status  register  should  not  be  read  during  the  CLK  IN  cycle  fol- 
lowing the  write  operation.  To  get  the  correct  information,  the  ' 
user  will  have  to  allow  one  clock  cycle  between  the  write  and 
read  operations.  •  V 

READAVRITE  OPERATIONS 

The  AD7848  read/write  operations  consist  of  writing  to  tibe,, 
FIFO  memory  and  sutus/control  register  and  n 
status/control  register.  These  operations  are  com 
CS,  DMWK,  DMRD  and  ADDO  logic  inputs. 

Write  Operation 

A  write  operatkm  to  the  AD7848  FIFO  memay  consists  of 
bringing  CS  and  UMWk  low  with  ADDO  knr.  Intemalfy,  these 


signals  are  gated  with  CLK  IN  to  provide  an  INTERNAL 
WRITE  signal  (see  Figure  8).  The  pulse  width  of  this  INTER- 
NAL WRITE  signal  is  effectively  the  overlap  between  the  CLK 
IN  low  time  and  the  CS  and  DMWR  pulses.  This  may  result  in 
shorter  write  pulse  widths,  setup  times  and  data  hold  times  than 
those  given  by  a  microprocessor.  The  timing  on  the  AD7848 
timing  diagram  of  Figure  9  is  therefore  given  with  respect  to  the 
INTERNAL  WRITE  signal  rather  than  the  DMWR  signal.  A 
similar  situation  exists  for  writing  information  to  the  AD7848 
status/control  register.  A  write  operation  to  the  status/control 


register  consists  of  bringing  CS  and  DMWR  low  with  ADDO 


Figure  9.  AD7848  Write  Operation 

Data  is  internally  latched  to  the  FIFO  memory  on  the  rising 
edge  of  CLK  IN  after  DMWR  goes  low.  Keeping  DMWR  low 
for  numerous  CLK  IN  cycles  does  not  result  in  numerous  FIFO 
write  operations.  Data  is  written  on  the  first  rising  CLK  IN 
edge  after  DMWR  goes  low. 

Read  Operation 

Figure  10  shows  the  timing  diagram  for  a  read  operation  from 
the  status/control  register  of  the  AD7848.  CS  and  DMRD  going 
low  accesses  data  from  the  status/control  register.  The  ADDO 
line  can  either  be  high  or  low  for  a  read  from  the  status/control 
register^ 
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Figure  10.  AD7848  Read  Opifiiion 
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UPDATING  THE  DAC  OUTPUT   

The  DAC  output  on  the  AD7848  can  be  updated  under  software 
or  hardware  control.  For  hardware  control,  the  output  is  up- 
dated by  asserting  the  LDAC  input;  for  software  control,  writ- 
ing a  0  to  DBS  of  the  status/control  register  updates  the  output. 


The  LDAC  input  is  an  asynchronous  input  which  is  indepen- 
dent of  CLK  IN.  This  is  essential  for  applications  where  precise 
sampling  in  time  is  important.  In  these  apphcations,  the  signal 
update  must  occur  at  exactly  equal  intervals  to  minimize  errors 
due  to  sampling  uncertainty  or  jitter.  In  these  cases,  the  LDAC 
input  is  dnVen  faom  a  tuber  dr.siome  precise  clock  source. 


In  applications  where  precise  sampling  is  not  critical,  the  LDi^^ 
pulse  can  be  generated  froni  a  microprocessor  WR  line  gated 
with  a  decoded  address  (different  to  the  AD7848  OS  address). 
Note,  die  LDAC  inpMlaemU^&it-.fyt  at  least  l.S  CLK  IN 
cycles. 

The  updating  of  the  DAC  output  occurs  direcdy  after  the 
LDAC  ^put  goes  low.  However,  the  shifting  of  data  words 
down  the  FIFO  occurs  a  number  of  CLK  IN  cycles  later.  If  a 
write  operation  occurs  before  the  diiftiag-af  winds  has  happened 
then  the'  FIFO  shifting  will  be  delayed  until  the  write  operation 
is  completed.  Care  must  be  taken  in  this  situation  because  since 
no  FIFO  shift  has  occtirred  the  word  is  still  in  the  FIFO.  For 
Qomidei  if  the  FIFO  contained  eight  words  before  the  LDAC 
iq)eratio|i,  it  would  continue  to  con^in  e^t  wra^  uittil  die 
FIFO  shi6  occurred,  and  in  this  case.no  new  words  could  be 
wrinen  to  the  FIFO. 

The  alternative  method  for  updating  the  DAC  output  is  a  soft- 
ware update  which  is  achieved  by  writing  a  0  to  DBS  of  the  sta- 
tus/control register.  In  this  C3^,  d^e  DAC  register  is  updated  on 
the  next  rising  clock  edge  of  CLK  IN.  Qaatvuious  LDAC  oper- 
ations do  not  take  place  when  theije  is  a  A.in  DpS.  The  update 
only  occurs  on  the  next  CLK  IN  rising  edge  af^  the  ft  m  writ- 
ten toJDfiiJnelJMCiiqwt  CBin^)  for 
software  eontioNrae^AC  update. 

AD7848  DYNAMIC  SPECIFICATIONS 

The  AD7848  is  specified  and  100%  tested  for  dynamic  perfor- 
mance specifications  rather  than  traditional  dc  specifications 
such  as  Integral  and  Differential  Nonlinearity.  These  ac  specifi- 
cations are  required  for  the  signal  processing  applications  such 
as  Speech  Synthesis,  Servo  Control  and  High  Speed  Modems. 
These  applications  require  information  on  the  DAC's  effect  on 
the  spectral  content  of  the  signal  it  is  creating.  Hence,  the 
parameters  for  which  the  AD7848  is  specified  include  Signal- 
to-Noise  Ratio,  Harmonic  Distortion  and  Peak  Harmonics. 
These  terms  are  discussed  in  more  detail  in  the  following 
sections. 

Signal-to-Noise  Ratio  (SNR) 

SNR  is  the  measured  signal  to  noise  ratio  at  the  output  of  the 
DAC.  The  signal  is  the  rms  magnitude  of  the  fundamental. 
Noise  is  the  rms  sum  of  all  the  nonfundamental  signals  up  to 
half  the  sampling  frequency  (fs/2)  excluding  dc.  SNR  is  depen- 
dent upon  the  number  of  quantization  levels  used  in  the  digiti- 
zation process;  the  more  levels,  the  smaller  the  quantization 
noise.  The  theoretical  signal  to  noise  ratio  for  a  sine  wave  output 
is  given  by 


SNR  =  (6.02 


1.76)  dB 


.(1) 


where  N  is  the  number  of  bits.  Thus  for  an  ideal  12-bit  con- 
vener, SNR  74, c(^,  •    ..t,.-, .  K-ru       V  0,-5 


Figure  1 1  shows  a  typical  2048  point  Fast  Fourier  Transform 
(FFT)  plot  of  the  AD7848KN  with  an  output  frequency  of 
1  kHz  and  an  update  rate  of  100  kHz.  The  SNR  obtained  from 
this  graph  is  73.3  dB.  It  should  be  noted  that  the  harmonics  are 
taken  into  account  when  calculating  the  SNR. 
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Figure  1 1.  AD7848  FFT  Plot 


Effective  Number  of  Bits 

The  formula  given  in  (1)  relates  the  SNR  to  the  number  of  bits.V 
Rewriting  the  formula,  as  in  (2),  it  is  possible  to  get  a  measure  i 
t^iperformalice  expressedtin  effective  number  of  bits  (Nbi^p). 


Neff  = 


SNR  -  1.76 

6.02 


.(2) 


The  effective  number  of  bits  for  a  device  can  be  calculated 
directly  from  its  measured  SNR. 

Total  Harmonic  Distortion  (THD) 

THD  is  the  ratio  of  the  rms  sum  of  harmonics  to  the  rms  value  r 
of  the  fundamental.  For  the  AD7848,  THD  is  defined  as 


THD  =  20  Log 


where  Vj  is  the  rms  amplitude  of  the  ftmdamental  and  Vj,  V,, 
V4,  V5  and  Vj  are  the  rms  amplitudes  of  the  second  through  the 
sixth  harmonic.  The  THD  is  also  derived  from  the  2048-point 
FFT  plot. 

Peak  Harmonic  or  Spurious  Noise 

Peak  Harmonic  or  Spurious  Noise  is  defined  as  the  ratio  of  the 
rms  value  of  the  n«ct  largest  component  in  the  DAC  output 
spectrum  (up  to  fs/2  and  excluding  dc)  to  the  rms  value  of  the 
fundamental.  Normally,  the  value  of  this  specification  will  be 
determined  by  the  largest  harmonic  in  the  spectrum  but  for 
pans  where  the  harmonics  are  biuied  in  the  noise  floor  the  peak 
wiB%i'^«riir||idc. 
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Testing  the  AD7848 

The  method  used  to  test  the  dynamic  performance  specifications 
is  outlined  in  Figure  12.  Data  is  loaded  to  the  AD7848  under 
conBoI  ef  the  mkroconttoUer  and  asaodited  logic-.  The  output 
of  the'AD784S  is  applied  to  a  9th  ocdtr  btw-pai^  Slter.  The  out- 
put a(  the  filter  is  in  turn  applied  to  a  14-bit  accunte  digitizer,  i 
The  digtnzer  samples  the  signal  and  the  aa^oceamiOa  gmx-  - 1 
aKs  ail  'FFT  pktt&am  «fakh:|iie(d^iai^^a(teasiKe:eCW<- : 
AD7848  can  be  evaluated. 
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Figure  12.  AD7848  Dynamic  Performance  Test  Circuit 

The  digitizer's  sampling  is  synchronized  with  the  AD7848 
update  rate  to  ease  FFT  calculations.  The  digitizer  samples  the 
AD7848  after  the  output  has  settled  to  its  new  value.  Therefore, 
if  the  digitizer  was  to  sample  the  output  directly;  it  would  effec- 
tively be  sampling  a  dc  value  each  time.  As  a  result,  the  dy- 
fuunic  performance  of  the  AD7848  would  not  be  measuied 
correctly,  giving  better  results  than  the  actual  performance  of 
the  AD7848.  Using  a  filter  betweoi  the  DAC  and  the  digitizer 
means  that  the  digitizer  samples  a  cotitinnaiusly  moving  signal 
and  the  true  dynamic  performance  of  the  AD7848  is  measured. 

Some  applications  will  require  improved  performance  versus 
frequency  barn  Ae-ADJMi.  In  Aese^>plicatioiis,  a  staple 
sample-and-hjold  circuit  such  as  that  outlteed  in  l^i^uJlSirill 
extend  the  vtky  i/nuii  ij>'ifuiuiiiu(»<rf-die  A£>7848'tD  IKJeHz. 
Other  apfOcOSU^WPi^i^Wifm'maaax  sami^-uid- 
hold  function  following  tte  AI)^48.  An  example  of  this  type  of 
application  is  driviiigri3MHHttlPcaiaci«Ar  filter  #hetei&e 
updating  of  the  DAC  is  synchronized  with  the  switched- 
capacitor  filter.  This  inherent  sample-and-hold  function  also 
extends  the  frequency  range  performance  of  the  AD7848. 
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Performance  versus  Frequency 

The  typical  performance  plots  of  Figures  14  and  15  show  the 
performance  of  the  AD7848  over  a  wide  range  of  input  frequen- 
cies. The  plot  of  Figure  14  is  without  a  sample-and-hold  on  the 
ouqnit  while  the  plot  of  Figure  IS.  is  generated  with  the  sample-  -. 
^qtoBt of  Figmc  l?-on the AHBnt.^         .    .  ' 
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Figure  74.  Performanee  vs.  Frequency  (No  Saj^^^^^^ 
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Figure  13.  Sample-and-Hold  Circuit 
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MICROPROCESSOR  INTERFACING 

The  AD7848  high  speed  bus  timing  allows  direct  interfacing  to 
DSP  processors.  Due  to  the  complexity  of  the  AD7848  internal 
logic,  only  synchronous  interfacing  is  allowed.  This  means  that 
the  AD7848  CLK  IN  must  be  the  same  as  or  a  derivative  of  the 
processor  clock.  In  apphcations  where  this  is  not  possible,  the 
CLK  IN  and  DMWR  signals  must  be  externally  gated.  SliM3si« 
processor  interfaces  are  shown  in  Figures  16  to  19. 

AD7848  -  AOSP-2100  Interface 

Figtire  16  shows  an  interface  between  the  AD7848  and  the 
ADSP-2100  DSP  processor.  Also  included  in  the  interface  is  the 
AD7878,  a  12-bit  A/D  converter  which  also  contains  an  on-chip 
FIFO  and  has  dynamic  performance  specifications.  An  interface 
like  this  is  suitable  for  applications  such  as  modems  and  servo 
control. 

Conversion  is  initiated  on  the  ADC  using  an  external  timer. 
This  timer  is  also  used  to  control  the  updating  of  the  AD7848 
output.  The  ALFL  output  interrupts  the  microprocessor  when 
the  FIFO  word  count  of  the  AD7878  has  reached  its  prepro- 
grammed value.  The  processor  then  reads  the  conversion  nsults 
from  the  AD7878's  internal  FIFO  memory.  Similarly,  the 
ALMT  output  interrupts  the  microprocessor  when  the 
AD7848's  preprogrammed  word  count  is  reached.  The  processoiF 
then  loads  another  batch  of  samples  to  the  AD7.848's  internal  , 
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Rgure  16.  AD7848fAD78T8  -  ADSP-2100  Interiace 


AD7848  -  TMS320C25  Interface 

An  interface  between  the  AD7848  and  the  TJWS320C25  DSP 
processor  is  shown  in  Figiu'e  17.  As  in  the  previous  interface, 
the  updating  of  the  AD7848  output  is  controlled  by  an  external 
timer.  The  ALJWT  output  of  the  AD7848  provides  an  interrupt 
signal  to  the  TMS320C25.  The  TMS320C25  CLKOUT2  signal 
must  be  inverted  before  being  applied  to  the  AD7848  CLK  IN 
pin.  A  single  WAIT  state  is  inserted  in  a  read  cycle  to  the 
AD7848  statnafeooiieitngteBBNaiibijli  READY 

input. 

The  TMS320C25  does  not  have  separate  RD  and  WR  outputs  to 
drive  the  AD7848  DMWR  and  DMRD  iiq>ius.  These  aie  gener- 
ated from  the  processor  STR^jfld  WSpMlfeB^  llifljjfr  I 
tion  of  some  logic  gates.  ' 


•ADOfnONAL  PINS  OMrTTCD  FOR  CLARITY 


Figure  17.  AD7848  -  TMS320C25  Interface 
AD78W- 7AISS2010  Jnteifi^e 

Figure  l{l.di09s  uiqtet&oe  between  the  AD7848  and  the 
TMS32010  DSF  processor.  Once  again,  an  extonal  timer  is 
used  to  update  t^  DAG  ou^po.  The  TM^^O  CaJCOUT  sig- 
nal must  be  wertBd-bcfote  toog  apfAsd  »  ibt  iiD7848  CLK 
IN  pin. 


•AOBITKMAI.  FINS  OMTTGD  OR  CUmr 

Figure  18.  AD^^S  -  TMS32010  Interfam 
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AD7S48  -  MC68000  Interface 

This  interface  also  uses  an  external  timer  for  updating  the  ana- 
log output  as  described  in  the  previous  three  interfaces.  It  dif- 
fers from  the  other  interfaces  because  it  needs  extra  logic  due  to 
the  nature  of  its  interrupts.  The  MC  68000  has  eight  levels  of 
external  interrupt.  When  interrupting  this  processor  one  of  these 
levels  (0  to  7)  has  to  be  encoded  onto  the  IPL2-IPL0  inputs. 
This  is  achieved  with  a  74148  encoder  in  Figure  19,  (interrupt 
level  1  is  taken  for  example  purposes  only).  The  ALMT  output 
drives  the  appropriate  input  of  the  74148  for  the  required  inter- 
rupt level.  The  MC68000  places  this  interrupt  level  on  address 
bits  A3  to  Al  at  the  start  of  the  interrupt  service  routine.  Addi- 
tional logic  is  used  to  decode  this  interrupt  level  on  the  address 
bus  and  the  FC2-FC0  outputs  to  generate  a  VPA  signal  for  the 
MC6g000.  This  results  in  an  autovectored  interrupt;  the  start 
address  for  the  service  routine  must  be  loaded  into  the  approb- 
ate auto  vector  location  during  initialization.  For  further  infor- 
mation on  the  68000  interrupts  consult  the  68000  users  manual. 

The  MC68000  AS  and  R/W  outputs  are  used  to  generate  sepa- 
rate  DMWR  and  DMRD  inputs  for  the  the  AD7848.  Since  the 
UDS  line  is  used  to  decode  the  DMWR  and  DMRD  signals,  the 
AD7848  is  tmaotf'tmf^eA  at  sa  eroi  addiess. 


APPLYING  THE  AD7848 

Good  printed  circuit  board  layout  is  as  important  as  the  overall 
circuit  design  itself  in  achieving  high  speed  converter  perfor- 
mance. The  AD7848  works  on  an  LSB  size  of  1.465  mV. 
Therefore,  the  designer  has  to  be  conscious  of  minimizing  noise 
in  both  the  converter  itself  and  in  the  surrounding  circuitry. 
Switching  mode  power  supplies  are  not  recommended  as  the 
switching  spikes  can  feedthrough  to  the  on-chip  amplifier.  Other 
causes  of  concern  are  ground  loops  and  digital  feedthrough  from 
microprocessors.  These  are  factors  which  influence  any  high 
performance  converter,  and  a  proper  PCB  layout  which  mini- 
mizes these  effects  is  essesuial  for  best  perfonnance. 

LAYOUT  HINTS 

Ensure  that  the  layout  for  the  printed  circuit  board  has  the  digi- 
^  and  analog  lines  separated  as  much  as  possible.  Take  care  not 
to  run  any  digital  track  alongside  an  analog  signal  track.  Estab- 
lish a  single  point  analog  ground  (star  ground)  separate  from  the 
logic  system  ground.  Place  this  star  ground  as  close  as  possible 
to  the  AD7848  as  sbavn  in  Figure  20.  Connect  all  analog 
grounds  to  this  star  ground  and  also  connect  the  AD7848 
IXjND  pin  to  tbis  ground.  Do  not  connect  any  other  digital 
grounds  10  tim  milog  gsouad  point. 


IPL2 
iPU 
IPLO 


ADDRESS  BUS 


LDAC 
CLKIN 


DB11 
DBO 


•  ADIHTIONAL  HNS  OMITTED  FOR  CLARITY. 


Figure  fB.  AD7848  -  MC68000  fnterfacB 


1 

Figure  20.  Power  Supply  Grounding  Practice 

Low  iapedimce  analog  and  digital  power  supply  Common 
returns  are  essential  to  low  noise  operation  of  high  perfonnance 
converters.  Therefore,  the  foil  width  for  these  tracks  should  be 
kept  as  wide  as  possible.  The  use  of  ground  planes  minimizes 
impedance  paths  and  al^  guards  the  analog  circuitry  &om 
digital  noise. 

NOISE 

Keep  the  signal  leads  on  the  Vqut  signal  and  the  signal  return 
leads  to  AGND  as  short  as  possible  to  minimize  noise  coupling. 
In  applications  where  this  is  not  possible,  use  a  shielded  cable 
between  the  DAC  output  and  its  destination.  Reduce  the  ground 
circuit  impedance  as  much  as  possible  since  any  potential  differ- 
ence in  grounds  between  the  DAC  and  its  destination  device 
appears  as  an  error  volt^  in  series  with  the  IMC  output. 


Cd^^ll"  feeSijhiuugh  to  the  analog  output  is  2  mV  typical. 
This  occiurs  at  10  MHz  and  since  almost  all  applications  will 
have  a  low  pass  filter  on  the  output  to  remove  the  update  fre- 
quency, the  CLK  IN  feedthrough  should  not  be  a  problem. 
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FEATURES 

250MSPS  Update  Rate 
Low  Glitch  Impulse 
Complete  Composite  Functions 
Intmal  Voltage  Reference 
Single -^.av  Supply 

APPLICATIONS 
Raster  Scan  Displays 
Color  Graphics 
Automated  Test  Equipment 
TV  RaraiiytKvetion 


AmM      TOiCTIONAL  BLOCK  DIAiSRAM 


fr 


GENlii^  descshtion  I 

The  Al)976i-is^4>igtr<^peedr8°bh'idieit9i>=^^  — 
with  fiilly  ii^grated  composite  video  functions.  High-speed 
ECL  iniq^i|Egistecs  provide  synclusonous  qpenttion  of  data  and 
contidi  bastions  up  .to  2S0MSPS.  ■ 

The  AD9701  incorporates  on-board  control  functions  including 
horizontal  sync,  blanlcing,  reference  white  level,  and  a  10% 
bri^t  signal  for  highlighting.  The  setup  level  is  also  adjustable 
from  0       tini^^q  20  IRE  units,  through  the  control  pin.  An 
internal  jsi^t^^ij^gjiraice  allows.the  M39lS>lito  operate  as  a 
stand-alatMind£i3.ttconstruction>DAC. 


n ! 


The  AD9701  is  available  as  an  industrial  temperature  range 
device,  ^25°C  to  +8S°C,  and  as  an  extended  temperatiuie  wge 
device,  -55°C  to  +125°C.  Both  grades  of  the  AD9701  ane 
f.  packaged^iiiia'22<pin'eeianiic  DIP,  with  the  extended  tieni^iSture 
"device  also  SvaiiaMe&i  a ;28-pin  LOG  package.        '■  ; 


PIN  CONFIGURATIONS 


GROUND  ^ 

-Vs  [T 

BIT  1  (MSB)  [T 
BIT  2  [T 
BIT  3  [T 

AD9701 

22]  GROUND 

"2T]  SETUP 

20]  NO  CONNECT 

19  [  10%  BRIGHT 

18  1  COMPOSITE  BLANKING 

j   BIT4  [~r 

]       \        BIT  5 

BIT6  Q] 

'  '  STROBE  |17 

TOP  VIEW 
(Not  to  Scale) 

.  1 

7^  COMPOSITE  SYNC 

16  1  REFERENCE  WHITE 
lisi  COMPENsijION 
ul  CURRE>rr^ET 

iT]  oumJT  ^ 

lil  GR^tAffi 

25  NO  CONNlet!  ' 


24  10%  BRIGHT' 

23  coMMiilf  BukndNci 

22  NO  CONNECT 

21  COMPOSITE  SYNC 

20  RE^eftCl  WIilT^ 

10  MWEf^3i(N  ,.,  ^" 


2  S 


13   14    15  16  17  18 

i  ^  >  S 


Mt 

(*!  1 

nil  .1; 

AO'  1 

Od. 

•v.' 

1 

V  1 

i  <:-' 

ABSULU'l  b  MAXIMU/Vi  Kil  1  IWliS' 

Supply  Voltage  ( -  Vg)   -TV 

Digital  Input  Voltages  (including  STROBE,  SYNC, 
BLANKING,  10%  BRIGHT,  and  REFERENCE 

WHITE)   OV  to  -Vs 

Analog  Output  Cturent   >  .  ,  -  »"Si^  >  :•  •  37inA 

Power  Dissipation  (  +  25°C  Free  Mif  1  '.  .  .  780mW 


Operating  Temperature  Range 

AD9701BQ   -25°Cto+85°C 

AD9701SQ/SE  -  55°C  to  +  125°C 

Storage  Temperature  Range  -  65°C  to  +  ISOf^ 

Junction  Temperature   +  175°C 

Lead  Soldering  Tempeiature  (lOsec)  +  300°C 


ELECTRICAL  CHARACTERISTICS  (Supply  Voltages  =  -  5.2V;  1^  =  VStti  Setup  =  OV,  unless  ottniwise  stated) 


AD9701BQ 

AD9701SQ«E 

Pitameter 

Temp 

Min 

Tjrp 

Mb 

Mia 

WiP 

Mai 

Unit* 

RESOLUTION 

8 

8 

Bits 

Differential  Linearity 

+  25  C 

0.25 

0.5 

0.25 

0.5 

Full 

1.0 

I.O 

LSB/  VT 

1 1  ■  ■ 
Integral  Linearity 

+  25''C 

0.25 

0.5 

0.25 

O.S 

LSB 

Full 

1.0 

1*0 

LSB 

Monotonicity 

Full 

GUARANTEED 

GUARANTEED 

IK|TIAL(ATSKI^ERKdR^ 

Zero-Scale  Offeei  Error*' 

+  25°C 

0.05 

0.9 

o.os 

0.9 

mV 

Full 

0.9 

0.9 

mV 

Zero-Scale  Offset  Drift  Coefficient 

FuU 

2 

liV/°C 

FuU-Scale  Drift  Coefficient 

FnU 

SO 

50 

. 

ANALOG  OUTPUT           -J  ^  ' 

Voltage  Output^  ~~ 

10%  Bright* 

Full 

-0.9 

0 

-0.9 

0 

mV  '■' 

Reference  White 

Full 

-67.45 

-71 

-74.55 

-67.45 

-71 

-74.55 

mV 

Blanking  (Setup  =  OIRE)^ 

FuU 

-698.55 

-708.5 

-718.45 

-698.55 

-708.5 

-718.45 

mV 

Sync  (Setup  =  OIRE)* 

FuU 

-979.25 

-993.5 

-1007.75 

-979.25 

-993.5 

- 1007.75 

mV 

Current  Output' 

10%  Bright' 

Full 

-  0.024 

0 

-0.024 

0 

mA 

RefcTOOce  White 

FuU 

- 1.805 

- 1.9 

-1.996 

- 1.805 

-  1.9 

-1.995 

mA 

yiu-BlaiiUng  (Setup  =  OIRE)^ 

FuU 

- 18.63 

- 18.9 

-19.16 

- 18.63 

- 18.9 

-19.16 

mA 

Sync  (Setup  =  OIRE)* 

FuU 

-26.11 

-26.5 

-26.87 

-26.11 

-26.5 

-26.87 

mA 

Output  Ccmipliaiice  Range 

FuU 

- 1.6;  +0.1 

- 1.6;  +0.1 

V 

Output  Resistance 

+  25'*C 

640 

800 

640 

800 

n 

DYNAMIC  PERFORMANCE 

'j'j,  •.:  ■ 

Update  Rate 

+  25°C 

225 

250 

225 

250 

MSPS 

Output  Propagation  Delay^ 

+  25°C 

5 

6 

5 

6 

ns 

Output  Settling 'nme"' 

Current 

+  25'*C 

8 

8 

ns 

V^tage 

+25*0 

12 

j2 

ns 

Output  Slew  Rate^*  r. 

+  25*C 

255 

300 

255 

300 

V/|ts 

Output  Rise  Time^  ^i^,;  .  •     '  \i 

+  25X 

1.7 

2.0 

1.7 

2.0 

ns 

Outputrall  lime              y  ' 

+  25*C 

1.7 

2.0 

1.7 

2.0 

ns 

(jlitcn  Impulse 

+  25^ 

60 

70  . 

60 

70 

pV-s 

SETUPCONTROL'^ 

Setup  Level  (Grounded) 

Full 

0 

•  ■ 

0 

IRE 

Setup  Level  (Open) 

FuU 

7.5 

7.5 

IRE 

Setup  Level  (Tied  to  -  5.2V  with  Ikfl) 

FuU 

10 

10 

IRE 

Setup  Level  (- 5.2V) 

FttU 

20 

20 

IRE 

DIGITAL  INPUTS 

Logic  **  1"  Voltage 

FuU 

-1.1 

-1.1  -  .  ~ 

i 

V 

Logic  **<r  Voltage  % 

FuU 

-1.5 

-1.5 

V 

Logic"!"  Current 

FuU 

100 

100 

HA 

Logic  "0"  Current 

Full 

15 

15 

mA 

Input  Capacitance 

+  25°C 

4 

5.5 

4 

5.5 

pF 

Data  Setup  Time 

+  25°C 

0.1 

0.1 

ns 

Data  Hold  Time 

+  25°C 

1.4 

1.4 

ns 

POWER  SUPPLY" 

Supply  Current  ( -  5.2V) 

+  25°C 

140 

160 

140 

160 

mA 

FuU 

ito 

ICO 

mA 

Nominal  Power  Dissipation 

+  25°C 

728 

728 

mV 

Power  Supply  Rcicctioa  Ratio'* 

FuU 

3 

6 

3 

6 

^^Ms  DimTALrTO-mMOGeom/mwm 
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NOTES 

'Absolute  imximwm  ratings  arc  limitii^  values,  to  be  ^plied  individually, 
and  beyond  which  serviceability  of  the  circuit  may  be  impaired.  Functional 
operability  under  any  of  these  conditions  is  not  necessarily  implied. 
Exposure  to  absolute  maximum  rating  conditiom  for  extended  periods 
may  affect  device  reliability. 
^Typical  thermal  impedance  ,  .  . 

22-Pin  Ceramic  e^.  =  64X/W;  Bjc  =  IS'^GTV 

28-Pin  Ceramic^IXq    .  BuriS^^^^^^^SW'  -  . 
^SYNC,  BLANldNG,  an^  l»effiNCE  WHTfE  are  ihactivc  (Lope  "i"). 

ISET  1.26V/RsET- 

*An  bits  at  logic  HIGH.  '  *  ■  'r- 

'All  values  arc  relative  to  fiill-scale  output,  after  being  DOTmalized 

to  nominal  value.  Typical  variation  in  full-scale  output  from  device  to 
device  can  reach  ±  10%,  for  a  fixed  Rset  resistor. 
The  effect  of  10%  BRIGHT  algebraically  adds  to  the  output  waveform. 


^The  output  level  with  BLANKING  active  (Logic  "(T).  u  determined  by 
the  setup  control  level. 

^In  normal  operation,  the  BLANKING  injim  is  activated  (Logic  **0*')  prior 
to  or  in  conjunction  with  the  SYNC  input.  The  effect  of  the  SYNC 
output  is  relative  to  the  setup  level. 

'Measured  from  edge  of  STROBE  to  50%  transition  pcunt  of  the  output 
»gnal. 

"^Measured  with  full-scale  change  in  output  level,  from  the  10%  transition 
level  to  within  ±0.2%  of  the  final  output  value. 

"Measured  from  10%  to  90%  transition  point  for  full-scale  step  output, 
x)^^  Wm;$0k  IvlQfi  «f  AefiMys^kale  (GS  range)  with  a  0  IRE  setiiptl^. 
"  ^§m9f^^^iimB^^'^^e^»^^f^  witiiin  ±  5%  for  normal  opcfg^. 

SpBrifinfrioiis  wiiject  to  cjaay  .without  noike. 


mmrAL  infut$  vs.  analog  output 


Bit 

Bit 

Bit 

Bit 

Bit 

Bit 

Bit 

Bit 

10% 

Ref. 

Comp. 

Analog 

1 

2 

3 

4 

5 

6 

7 

8 

Bright 

White 

Blanking 

Sync 

Output  (mV) 

1 

1 

1 

1 

1 

1 

1 

1 

0 

1 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

-71 

1 

0 

0 

0 

0 

0 

0 

0 

0 

-320 

'     '  0 

0 

0 

0 

0 

0 

0 

0 

0 

-637.S 

0 

0 

0 

0 

0 

0 

0 

0 

1 

-708.5 

X 

X 

X 

X 

X 

X 

X 

X 

0 

0 

X 

X 

X 

X 

X 

X 

X 

X 

1 

-71 

X 

X 

X 

X 

X 

X 

X 

X 

0 

0 

-637.50' 

X 

X 

X 

X 

X 

X 

X 

X 

0 

0 

-  690.75^ 

X 

X 

X 

X 

X 

X 

X 

X 

0 

0 

-708.50' 

X 

X 

X 

X 

X 

X 

X 

X 

0 

0 

-  779.50'' 

X 

X 

X 

X 

X 

X 

X 

X 

0 

0 

0 

-922.50' 

X 

X 

X 

X 

X 

X 

X 

X 

0 

0 

0 

-975.75^ 

X 

X 

X 

X 

X 

X 

X 

X 

0 

0 

0 

-993.50' 

X 

X 

X 

X 

X 

X 

X 

X 

0 

0 

0 

- 1064.50" 

X 

X 

X 

X 

X 

X 

X 

X 

1 

0 

0 

-993.50' 

X 

X 

X 

X 

X 

X 

X 

X 

1 

0 

0 

- 1046.75^ 

X 

X 

X 

X 

X 

X 

X 

X 

1 

0 

0 

- 1064.50' 

X 

X 

X 

X 

X 

X 

X 

X 

I 

0 

,0 

-U35.50* 

1.  Senv  0^  21)  gradiided  (0  IRE  onin). 

2.  Setup  (Pin  21)  open  (7.S  IRE  units). 

3.  Senip  (Pin  21)  to  -S.2V  through  Ik  (0  IRE  uniB). 

4.  Semp  (Pin  21)  to  -  S.2V  (20  UtE  units). 


ORDERING  GUIDE 


Device 

Temperature  Range 

IDescription 

Package 
Option* 

AD9701BQ 
AD9701SE 
ADi^liSO 

-25°Cto+85°C 
-55°Cto  +  125°C 

i2-Pin  DIP,  Industrial  Tempeiatuie 
28-Pin  LOG,  Extended  Tempenture 
22-PinDIP.ESt^dedTafipentim- 

Q-22 

E-28A 

q-22 

'-    -  — ^  ^P'-v 

"*E  =  Leadless Ceramic Chq>Cnrier;Q  —  f>wHp  Rirrf«uKMiMfiiiiiMifawriiai*Ppffc^jf  Tiifc»iiMiMwia»ir^iww 


mmmirO'Atm.mcoNVErmfts  11^7^ 


AD9701 


PIN  NAME 


DESCRIPTION 


GROUND 

-Vs 

BIT  1  (MSB) 


'!>  ootta  arTT  tiiqiir 


One  of  three  ground  returns.  All  grounds  should  be  connected  together  near  the  AD9701 . 
Negative  supply  pin,  nominally  —5.2V, 

One  of  eight  digital  input  bits.  BIT  1  (MSB)  is  the  most-significant-bit  of.th^iijjglital  iaput . 

  'Word.  wutoipBi  ir.'cii-- .t 

BIT2-BIT7  -  One  of  eight  digital  input  bits.  ;  ^'^  '     ,     Zl*?" ^'"^''^ 

BIT  8  (LSB)  -  One  of  eight  digital  input  bits.  BIT  ,S  ^L,S|()  ,^  tfie  l^«|.i*^^p^n?^^^hp^Higital  input 

word. 

STROBE.':>  .i^l  uglt)lw■;«|mtM,■9;t^Daal  and  control  legister  strobe  input.  STROBE  is  leading  edge  tr^  ii  , 

GROBND"»  i'*-"™  1*  <«  -  oMiiwjluOne  <rf  three  ground  returns.  All  grounds  shoiitd  be  connected  together  neir  the  AD970I.'  ' 


SETUP 


The  SETUP  mpat'  detttinines  the  position  of  the  blanking  level  relative  to  the  "reference 
"b&af'le^el  ijti  aitttttil  iit  logic  "0").  The  setup  level  is  adjustable  from  0  IRE  units  to,  2Q 
IRE  units  below  the  reference  black  level  (an  IRE  unit  is  1%  of  the  "gr^  scale"  iaiige}> 


SETUP  LEVEL 


10%  BRIGHT 


-V"WS>.-. 

0  . 

i 


■  I'"  - 

0  IRE  Units 
7.S  KB  Units 
■fOIREtnlts  • 
20  IRE  Units 


CONnGURATION  (PIN  21) 


Ground 
Open 

Coimection  to  —  S.2V  through  1  kfl 
Connection  to  —5.2V 


coMPosrrf 


COMPOSITE  SYNC  - 
REFERENCE  WHITE 


COMMNSATION  , 


CURRENT  SET 


OUTPUT 
GROUND 


10%  BRIGHT  adds  an  additional  current  to  the  output  level,  equal  to. roi^gUy  J0%  of  the 
"grey  scale"  range.  The  10%  BRIGHT  is  active  logic  LOW,  and 'o^a|tes!^^i^a<ieD%  i# 
all  other  inputs.  

^Tlie  COMPOSITE  BLANKING  input,  active  logic  LOW,  forces  output  to  the  blanki^ 
level  set  with  the  SETUP  input. 

■  The  COMPOSITE  SYNC  input,  active  LOW,  creates  a  negative  going  horizontal  syn- 
chronization pulse  relative  to  the  blanking  level.  Under  normal  operating  conditions  the 
COMPOSITE  BLANKING  signal  should  precede  and  extend  past  die  COMPOSHTE  Smi: 
signal.  See  SETUP  for  additional  information.  '    1  ^ 

The  REFERENCE  WHITE  input,  active  LOW,  overrides  the  data  inputs,  Sndidfces  the 
output  to  the  maximum  "grey  scale"  level.  v  .. 

The  COMPENSATION  input  insures  adequate  gain  stat)ility  for  the  internal  reference 
amplifier.  Under  normal  operating  conditions,  the  COMPENSATION  input  is  decoupled 
fto  ground  through  a  0.1  nF  capacitor i    y  '/. 

~TEe  CURRENT  SET  input  detennin^1Ee  "$ilFscale  'or  "grey  scale"  range.  The  ^ects  of  the 
video  control  fimctions  are  in  addition  to  the  "grey  scale"  range.  (16811^  Rset  —  6000). 
Ioirra«»-4IsEr = 4(1 .26V/RsKr) 

Analog  ou^t.  1  ■  :  \- 

One'rf  Af«e^reiiad-iwtiMa».-Ailgroimd»-dK>uld  be  connected  togethCT^ear  fee  AD970I. 


SYSTEM  TIMING  DIAGSAMS 


DIGITAL  INPUTS  \ 

mCUJOWG 
OONTROLMnnS  J 

)( 

STROBE  \^ 

nilTPIITPBBnR 

• — t,— • 

/ 

WAVEFORM 

GLITCH  IMP 
VOLTAt 

ULSE  \  1 
f  \ 

ERROR  WIPUXm 

  tHn 


DIGITAL  DATA  SETUP  TME 
MOITAL  DATA  HOCD  TMK 
SnOBE  PULSE  MflDTHMSH 
STROBE  PULSE  WIDTH  LOW 
SETTLING  TIME 

MINIMUM  PROPAGATION  DELAY 


DIQirALDATA 

nTKinnTo , 


NOTES 

1.  ALL  INPUTS,  INCLUDING  IHE  VIDEO  COMIKK. 

FUNCTIONS.  ARE  SYNCHRONIZED  TO  THE 
STWOM  WPUT. 

2.  THE  lOKBMffirf  CONTROL  WILL  INCRCAK 
THE  OUTPUT  LEVEL  BY  APPROXIMATH.Y  10 
UK  UMTS  OVai  THE  PffiffiNT  OUTfVr 

UEJULV  7,14niV. 


AD9701 


DIE  LAYOUT  AND  MECHANICAL  INFORMATION 


COMPOSITE  BLANKING 


10%  BRIGHT 


\  COM 


REFERENCE  WHITE 
/  ^^COMPENSATION 


SETUP ^ 


^CURRENT  SET 


GROUND 
GROUND 


^fl^J  lij- 

SLr 


/  aiT*         /    BIT*  \ 


\ 

araiLsw 


Die  Dimensions 
Pad  Dimensions 
Metalization 


Passivatioii 
Die  AtMch 
Bond  Wire 


BIT? 

107x104x15  (±2)  mils 
4x4  mils 
Aluminum 

None 
-Vs 
Oiomitiide 
Gold  Etttectic 
1.2S  mil  Alntniwiim;  Ulpssonic  B<uid|ng 
or  Imil  Gold;  Gold  Ball  Banding 


APPLICATIONS  INFORMATION 

Raster  scan  video  displays  image  data  on  a  line  by  line  basis, 
with  timing  and  control  signals  inserted  between  the  Unes.  The 
control  signals  include  the  horizontal  synchronization  pulses 
which  are  used  to  align  the  display  circuitry  at  the  beginning  of 
each  line.  After  the  complete  video  image  is  displayed  on  the 
monitor,  the  process  begins  again  with  the  next  image.  The 
Tcnicalceset  piilse(s)  that  initiate  this  timing  seqoence  are  located 
bctweai  each  video  image. 


l2kltPULLUP  RESISTORS) 


level  is  at  the  blackest  extreme  of  the  image  data,  and  all  timing 
signals  are  designed  to  fall  below  the  blanking  level  so  as  not  to 
be  seen  on  the  monitor.  The  actual  image  data  is  located  above 
the  blanking  level,  and  it  may  be  fiirther  separated  from  the 
timing  signal  by  the  setup  level.  The  setup  level  is  simply  a 
buffer  zone  between  the  timing  and  image  data. 

Generation  of  the  timing  signals  for  the  AD9701  is  controlled  by 
the  COMPOSITE  BLANKING  and  the  COJViPOSITE  SYNC 
inputs.  In  normal  operation  the  output  level  of  the  AD9701  is 
forced  to  the  blanking  level  (black)  with  the  COMPOSITE 
BLANKING  control  so  that  when  the  synchronization  occurs, 
it  will  not  interfere  (be  seen)  with  the  monitor  image.  The 
COMPOSITE  SYNC  control  forces  the  ouqnit  level  below  the 
tdanking  level,  generating  die  s^nduonizatiQn  pulse. 

The  "pey.  scale^  is  the  image  intensity  range,  located  above  the 
Uanking  level  by  the  amount  of  the  setup  level.  The  setup  levd 
is  "reference  bladt,"  the  darkest  displayable  picture  intensity. 
The  top  of  the  "grey  scale"  is  "reference  white,"  or  the  brightest 
pictiue  intensity.  As  an  8-bit  device,  the  AD9701  divides  the 
"grey  scale"  into  256  individtial  levels. 

Normal  raster  scan  wave£Drms  divide  the  region  between  the 
blanking  levd  and  refeirncf  white  into  100  IRE  units  (International 
Radio  Enginwra).  The  setiqi  level  can  nmge  fram  0  to  20  IRE 
units,  but  qrpicaUsr  is  around  10  IRE  units,  and  the  synchnniization 
pulse  levd  typicfdly  fidb  40  IKE  units  below  the  blanking  level. 
For     AD9701,  die  rdSeience  white  level  is  10  IRE  units  below 
the  fidl-scale  output  range  (CbnAotiT)- 


COMPOSfTE  BLANKING 
COMPtlSITF  SVNf: 
REFERENCE  WHITE 


Hasten  Graphics  Configuration  for  TTL  Systems 

The  image  data  is  distinguished  firom  the  timing  information  by 
in  location  relative  to  the  blanking  level.  The  blanldng  reference 


la  terms  of  priority,  the  REyERHNCE  WHITE  control  over- 
rides  tiie  data  inpnta.  but  both  COMH>^lTE  SVNC  and 
(!X>jm>SlTE  BLANKS^  overtitfc  die  data  inpnig  and  the 
REFERENCE  WHITE  craitrol.  A  fourth  control  is  active  at  all 
times,  10%  BRIGHT,  whidi  adds  appRndmately  10  IRE  units 
to  die  onqnit  level  no  matter  what  die  input  state  of  the  AD9701 . 
The  10%  BRIGHT  contrd  is  primarily  used  to  highlight  areas 
of  the  video  image. 

As  with  any  high-speed  device,  the  AD9701  requires  a  substantial 
low  impedance  ground  plane  and  high  quality  pound  connections 
to  adiieve  the  best  performance.  Performance  can  also  be  improved 
widi  adequate  power  sup]^  dfroiipling  near  the  sup^y  pins  of 
the  AD9701 .  In  ECL  mode,  the  outpiit  of  the  AD9701  is  designed 
to  drive  7Sn  cable  direcdy,  with  7Stl  terminations  to  ground  at 
both  ends  of  die  cable.  For  TTL  configurations  the  output 
should  be  terminated  to  +S.OV  through  an  82n  resistor  (see 
circuit  bdow). 


r 


10%  BRIGHT  1NM46   


Standard  Reconstruction  Configuration 
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2-752  DIGITAL-TO-ANALOG  CONVEFTEHS 


A  vfa 


ANALOG 
DEVICES 


12-Bit,  100 IBPS 
D/A  Converters 


AD9712/AD9713 


FEATURES 
190  MSPS  Mixiate  Rate 

-cdirril:  coiiiiMHWtty 

Low  iSllBh  IhiimIm:  14M  pV-s 

fmmmssnai  so  m  «o  ±i  lsb 

mlMtM^SttKKtXJBSi.t^L  

APPLICATIONS 
ATE 

Stgnal  Reconstruction 
Arbitrary  Waveform  Generators 
Digital  Synthesizers 
Signal  Generators 


■a>!S'  lit  3 1 


tVNCnONAL  BLOCK  OIAGRAM 


aiM 


GENERAL  DESdtnbK^        "  "  I  ! 

The  AD9712  and  AD9713  are  12-bit,  high  speed  digital- 
to-analog  converters  constnicted  in  an  advanced  oxide  isolated 
bipolar  process.  The  AD9712  is  an  ECL-compatible  device 
featuring  update  rates  of  100  MSPS  minimum;  the  TTL- 
compatible  AD9713  will  update  at  80  MSPS  minimum. 

Designed  for  direct  digital  synthesis,  waveform  reconstruction, 
and  high  resolution  imaging  appUcations,  both  devices  feature 
low  glitch  impulse  of  100  pV-s;  and  fast  settling  times  of  30  ns 
to  ±1  LSB.  Both  uaits  ue-chan^erized  for  djmamic  petfoi^  ■ 
mancc,  and  have  mrrtfnt  hamMmk  suppncskm. 


AIW712/A09713 
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NETWORK 
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INTERNAL 
VOLTAGE 
REFERENCE 
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The  AD9712  and  AD9713  are  available  in  28-pin  plastic  DIPs 
and  PLCCs,  with  an  operating  temperature  range  of  0  to  -l-70°C. 
Contact  the  factory  for  availabiUty  of  military-grade  devices. 
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Designations 


JIEV.A 


VmrAtiTO'ANALOGCONVBRTEnS  2-7S3 


I-SPECIFICATIONS 


ABSOLUTE  MAXIMUM  RATINGS' 

Positive  Supply  Voltage  (+Vs)  (AD97J3  .Qnly)  .,..,_,,j_.^,+6  V 
Negative  Supply  Voltage  (-Vj) 

(AD9712  and  AD9713)  -7  V 

DAC  Outputs  to  ANALOG  RETURN  +0.5  V.te-^  SE.- 

Digital  Input  Voltages  (D,-Di2,  LATCH  ENABLE) 

AD9712. : A-: 'v. . .  .ovto  -v^ 

AD9713  0  Vto  +Vs 

Internal  Reference  Output  Current  -20  jjiA  to  +500  (i-A 

Control  Amplifier  Input  Voltage  Range  .  ,  0  V  to  -4  V 

Contnd  Amplifi^  dutput  Cuijraitf^.i^  .J   .  .±2.5  mA 


REFERENCE  IN  Voltage  Raage  ,  .J.  ^|;^3,.7  V  to  -Vj 

Analog  Output  Current  doe^  sr  IootX  .  .  .30  mA 

Operating  Temperatiure  Range 

AD9712JN/JP  0  to  +70°C 

AD9713JN/JP   0  to  +70°C 

Maximum  Junction  Temperature^  .  .  ,  +  150°C 

Lead  Temperature  (Soldering,  10  aeco^^.  ,..  .  +300°C 

Storage  Tanperature  Range   ^ft^^^^  *P,  tij«PT 

t-VnOOt  :Miw|Ril  :i;Ji.  ">  v 
K-J  r  A  0}  en  OC  ■  »  ^ 


ICS  (-Vs  =  -5.2  V;  +Vs  =  +5  V  (ADg713  Only);  CONTROL  AMP  IN  =  -1.2  V 
(external);  Rje,  =  7.5  kil,  unless  otherwise  noted) 


Parameter  (Conditioiis) 

Temp 

Test 
Level 

AD9712JN/IP 
Min  Typ 

Max 

AD9713JN^ 
Min  T/p 

Max 

Units 

RESOLUTION 

12 

12 

Bits 

TV"  ArT*TTU  Ar'V 

ji^iujsEiaiiiiiu  r'l  wimncimty  \j) 

T             1  XT      1-    -    ^-  /T\^ 
^'"'Rfxst  Fit"  ^tnitoht  T  in«^^-i'^'  !  ■ 

+25*'C 
Full 

J 

VT 

T 
1 

VT 
Vi 

2.0 
4.0 
3.0 
4.0 

1.2 

2.0 
4.0 
3.0 
4.0 

T  CTJ 
T  CTJ 
T  CH 

INITIAL  OFFSET  ERROR 

ZeKHScale  Offset  Error 

+25°C 

I 

0.5 

1.5 

0.5 

1.5 

l»A 

FuU 

VI 

5.0 

5.0 

FuU-^c$l«fiato  Error' 

+25°C 

I 

4.0 

8.5 

4.0 

8.5 

FuU 

VI 

11.0 

ii.b 

% 

Offset  Drift  Coe£Bdent 

+25''C 

V 

0.03 

0.03 

mA/°c 

REFERENCE/CONTROL  AMP 

Internal  Reference  Voltage 

+25°C 

I 

-1.13 

-1.26 

-1.39 

-1.13 

-1.26 

-1.39 

V 

FuU 

I 

-1.11 

-1.41 

-1.11 

-1.41 

V 

Internal  Reference  Voltage  Drift 

FuU 

V 

300 

300 

Amplifier  Input  Impedance 

+25°C 

V 

SO 

S9 

(- 

Amplifier  Bandwidth 

+25''C 

V 

300 

300 

kHz 

REFERENCE  INPUT* 

Reference  Input  Impedance 

+25°C 

V 

3 

3 

kn 

Reference  Multiplying  Bandwidth' 

+25°C 

V 

40 

40 

MHz 

OUTPUT  PERFORMANCE 

 Tfmi 

Full-Scale  Output  Current' 

+25°C 

V 

20.48 

20.48 

mA 

Output  Compliance  Range 

+25''C 

IV 

-1.2 

+3 

-1.2 

+3 

V 

Output  Resistance 

+25°C 

IV 

2.0 

2.5 

3.0 

2.0 

2.5 

3.0 

kn 

Output  Capacitance 

+25°C 

V 

30 

30 

pF 

Output  Update  Rate' 

+25°C 

IV 

100 

110 

m 

mm 

Output  Settling  Time  (tsr)' 

Current  Settling 

+25°C 

V 

30 

30 

ns 

Voltage  SetUing  (Rl  =  50  O) 

+25°C 

V 

30 

30 

ns 

Output  Propagation  Delay  (tpu)' 

+25°C 

V 

8 

11 

ns 

GUtch  Impulse'" 
Output  Slew  Rate"      '  ' 

+25°C 

V 

100 

100 

pV-s 

+25°C 

V 

400 

400 

V/(is 

Output  Rise  Time" 

+25°C 

V 

3 

3 

ns 

Output  Fall  Time" 

+25°C 

V 

2 

2 

ns 

REV3A 


Attflmeter  (Comtitioiu) 

Temp 

Level 

Min  Typ 

Max 

Min 

Max 

Units 

TiWwlTAI  fMPTTIHl 

 ^ 

LMglC    1     V  orngE 

Full 

VI 

— 1.0  —0*8 

2-5  ^ 

Y         -        ■  ~ 

I.<O^C  '*0**  Volt80C 

Full 

VI 

—  1.5 

0.8 

V  1. 

Logic  "1**  Current 

Full 

VI 

20 

20 

■1 A 

Full 

VI 

10 

600 

fiA 

+25*'C 

Y 

3 

3 

nF  '                    '  ! 

Tnniir  ^^nin  Ttm«>  fr 

inpui  ociup  1  line  ^i^^ 

+25*'C 

y 

3 

3 

Tnnnt  Hnlrl  Timf  (x  S^^ 

+25°C 

Y 

3 

3 

Latch  Pulse  Width  (Ilpw) 

(Transparent) 

-r25X 

\ 

2.5 

4 

ns 

AC  LINEARITY" 

Spurious-Free  Dynamic  Range 

V 

-60 

^55 

dBc 

POWFH  5TTPPT  Y*' 

f^osiave  dUppiy  L«uirent  ^tj.u  y) 

T 
1 

in 

Pi  ill 

VT 

V  1 

£3 

mn 

negHCivc  oi^^Qr  uaTEcni     j>£  v; 

tZj 

T 
1 

xou 

103 

VM  A 

Pi  lit 

X^UJi 

VT 
V 1 

.  il7ft:  ■ 

■  ^ 

1/3 

i>UIIIlllHt  A  UWCT  JLAUtStpttUWl 

+25°C 

Y 

> .  ■  .^oraj;  J, 

Power  Simply 

T 
i 

3311 

..  A  A7 

NOTES 

'Absofaue  maximum  ntiiigs  are  limiting  values  to  bejm)%d  individually,  and  beyond  which  the  serviceability  of  the  circuit  may  be  impaired. 
PliiiniliWl  <i|i<T«llffily  it  not  neoaauity  implied.  EIHaN^W^b<ohite  ™-«im.m  mmg  togditions  for  ao  extended  period  of  time  may  affect  device  reliability. 
Typical  thennal  impedances:  28-pin  plastic  DIP  8,x^I|?CWi  e,c  =  Tt/W;  28-piii  PLCC  e„  =  48°C/W;  e,c  =  UfCIW. 
'Measured  as  error  of  the  ratio  of  full-scale  current  to  current  through  Rset;  (160  M-A  nominal);  ratio  is  nominally  128.  "  , 

^Full-scale  variations  among  devices  are  more  severe  when  driving  REFERENCE  IN  directly.  '  '  ' ' 

'Frequency  at  which  a  3  dB  reduction  in  output  of  DAC  is  observed;  R^  =  SO  H;  50%  modulauon  at  midscale. 
%<sed  ioa  ^  -  12t  (V]iB^AaKi^  lAen  luiiig  mtenial  amplifier. 
'Ompnt  selffing  10  O.iW. 
'Measured  at  midscale  transition,  to  ±0.024%. 

'Measured  from  falling  edge  of  LATCH  ENABLE  signal  to  50%  pomt  of  fiill-scale  transition. 
'°GUtch  impulse  combines  the  absolute  value  of  positive  and  negative  tranririnn^  operating  in  latched  mode. 
"Measured  with      =  50  n  and  DAC  opetaiiiig  in  latched  mode.  ^' 

"Ham  iniitt  rrmnin  irnhtr  prior  in  fallm[r  rdgr  of  T  rtTTIT  TTTftnTr  liniial  Ah  aiKN  iiinl  liiia        j      .    -  .  ^ 

"Data  moat  remain  sable  after  tismg  edge  of  LATCH  ENABLE  signal  for  specified  time. 

"Update  late  =50  MSPS;  output  frequency  =  S  MHz.  "      :  ''O  it  ■  ^ 

"Snpply  voltages  should  remam  stable  within  ±5%  for  normal  operation. 

"Hbmmi  at  ±5%  of  -l-V,  (iU^13  oaIy)j^  -V,  (AD9712  or  AD9713)  using  external  reference. 


Levd 

I 


100%  producuoQ  tested. 
-100%  productiomested-wr^-lS^i  1 
specified  temperatures. 

III  -  Sample  tested  only.  'j^ 

IV  -  Parameter  is  guaranteed  by  design  and  — 

characterization  testing. 

V  -  Parameter  is  a  typical  value  only. 

VI  -  All  devices  are  100%  production  tested  at  -H25°C.  100% 

production  tested  at  temperature  extremes  for  extended  , 
temperature  devices;  sample  tested  at  temperature  J^^^ , 
extremes  for  commercial/industrial  devices. 

tf,C,»t:»J'  :Ki  i  .  .  ____   


ORDERING  GVJDE 

V    i . . 

Package 

Model 

Description 

Option* 

AD9712JN 

ECL-Compatible  Plastic  DIP 

N-28 

AD9712JP 

ECL-Compatible  PLCC 

P-28A 

AD9713JN 

TTL-Compatfljle  Plastic  DIP 

N-28 

AD9713JP 

TTL-Compatible  PLCC 

P-28A 

*N  =  Plastic  DIP;  P  =  Plastic  Leaded  Chip  Carrier.  For  outhnc  information 
see  Package  Intnrmatjoniaection. 
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DIGITAL-TO-ANALOG  CONVERTERS  2-755 


AD9712/AD9713 


AD9712/AD97U  PIN  DESCRIPTIONS 


Pin 
No. 


Name 


Functioii 


-  'J  ..IjI 

JOSTilC 
lJUi  UI. 


1-10  D2-D1, 

11  D,2(LSB)  ,,, 

12  DIGITAHiys 

13  ^ALOC^I^^mN 


14 

IS 
16 

17 


18 


ANALCXJ  -Vs 

loUT 

REFERENCE  IN 


CONTROL  AMP  OUT 


19  cmTsm,mBw 

20  REFERENCE  OUT 

21  DIGITAL  -Vs 

22  REFERENCE  QtOUND 

23  DIGITAL 

25  ANALOG  -V. 

26  LATCH  ENABLE 

27  DIGITAL  GROUND 

28  D,(MSB) 


Ten  of  twelve  digital  input  bits. 

Least  Significant  Bit  (LSB)  of  digital  input  word. 

One  of  two  nbgative  digital  supply  pins;  nominally  -S.2  V. 

Analog  ground  return.  This  point  and  the  reference  side  of  the 
DAG  load  resistors  should  be  connected  to  the  same  potential 
(nominally  groimd). 

Analog  current  output;  full-scale  output  occurs  with  digital 
inputs  at  aU  "1." 

One  of  two  negative  analog  supply  pins;  nominally  — S.2  V. 

Complementary  analog  cturent  output;  zero  scale  output  occurs 
with  digital  inputs  at  all  "  1 . " 

NonnaUy  connected  to  CONTROL  AMP  OUT  (Pin  18).  Direct 
line  to  DAC  current  switch  network.  Voltage  changes  at  this 
point  have  a  direct  effect  on  the  full-scale  output.  Full-scale, 
current  output  =  128  (Refratibce  voltage^tsBr)  <<^ts>  tinng  t 
internal  amplifier. 

Normally  connected  to  REFERENCE  IN  (Pin  17).  Output  of 
internal  control  amplifier,  which  provides  a  temperature 
compensated  drive  level  to  the  current  switch  network. 

Normally  connected  to  REFERENCE  OUT  (Pin  20)  if  not 
connected  to  external  reference.  Full-scale  current  out  =  128  "  ~ 
(Reference  voltage/RsBx)  ^i^wn  using  internal  an^difier. 
Normally  connected  to  CONTROL  AMP  IN  (Pin  19).  Intermd 

voltage  reference,  nominally  -1.26  V. 

One  of  two  negative  digital  supply  pins;  nominally  -5.2  V. 

Gtound  return  £sr  the  internal  voltage  reference  and  amplifier. 

Btii^ive  (Sgltal  supply  pin;  used  only  on  the  AD971^,n9miiiall]<  . 
■fSV.  ■ 

Connection  for  external  resistance  reference.  Full-scale  cune&t  '' 
out  =  128  (Reference  voltage/Rssr)  when  using  internal 
amplifier. 

One  of  two  negative  analog  supply  pins;  nominally  -5.2  V. 

Tnmapswui  msu  coutrtn  tine.  ,  _  _    

Digital  ground  return. 

Most  Significant  Bit  (MSB)  of  digital  input  word. 


.lis-  ' 
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1  ! 
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AD9712/AD9713  Timing  Diagram 


THEORY  AND  ATOUCAITONS  -^t."''' 
Ttie'llMfif  ai^i^^n  itigli  speed  digital-to-analog  conVei^. 
ecs  ndHae  Most  S^feiBlteBit  (MSB)  decoding  and  segmentit^' ' 
tkm  ledmiques  to  lednce  ^di  inqnilie  and  mainwin  Jinearity 
widiout  trimming. 

As  shown  in  the  functional  block  diagram,  the  design  is  based 
on  four  main  subsections:  the  Decoder/Driver  circuits,  the 
Transparent  Latches,  the  Switch  Network  and  the  Control 
Amplifier.  An  internal  band-gap  reference  is  also  included  to 
allow  operation  widi  a  minimum  of  extet^  cnmjwnents.  i 

Digital  Inputs 

The  AD9712  employs  single-ended  ECL-compatible  inputs  for 
data  inputs  Di-Di^  and  LATCH  ENABLE.  The  internal  ECL 
midpoint  reference  is  designed  to  match  lOK  ECL  device 
thresholds.  On  the  AD9713,  a  TTL  translator  is  added  at 
each  input;  with  this  exception,  the  AD9712  and  AD9713  are 
identical. 

In  the  Decoder/Driver  section,  the  four  MSBs  (D1-D4)  are 
decoded  to  15  "thermometer  code"  lines.  An  Equalizing  delay  is 
included  for  the  eight  Least  Significant  Bits  (LSBs)  and 
LATCH  ENABLE.  This  delay  minimizes  data  skew,  and  data 
setup  and  hold  times  at  the  latch  inputs;  this  is  important  when 
operating  the  latches  in  the  transparent  mode.  Without  the 
delay,  skew  caused^  die  d&oding  oicuits  would  digiade 
glitch  impulse. 

The  latches  operate  in  their  transparent  mode  when  LATCH 
ENABLE  (Pin  26)  is  at  logic  level  "0."  The  latches  can  be  used 
to  synchronize  data  to  the  current  switches  by  applying  a  narrow 
LATCH  ENABLE  pulse  with  proper  data  setup  and  hold  times 
as  shown  in  the  timing  diagram.  With  an  external  transparent 
latch  at  each  data  input  clocked  out  of  phase  with  the  DAC9  the 
AD9712/AD9713  opeiates  in  a  master  dave  (edge-triggered) 
mode.  / 

Althoil^  the  AD9712/AD^13hehip  is  designed  to  provide  isola- 
tion &om  digital  inputs  to  the  outputs,  some  coupling  of  digital 
transitions  is  inevitable,  especially  with  TTL  or  CMOS  inputs 
mplied  to  the  AD9713.  Digital  feedthrougfa  can  be  reduced  by 
wiiiing  a  low-pass  filter  using  a  resistor  in  series  with  the 
omocitance  of  each  digital  input. 

iekteace,  contnil  ampli&r  and  reference  mpm  are  pinned  out 
for  maximum  user  flexibility  when  setting  the  reference. 

When  using  the  internal  reference,  REFERENCE  OUT  (Pin  20) 
should  be  connected  to  CONTROL  AMP  IN  (Pin  19).  CON- 
TROL AMP  OUT  (Pin  18)  should  be  connected  to  REFER- 
ENCE IN  (Pin  17)  through  an  18  fi  resistor.  A  0.1  (aF  ceramic 
capacitor  from  Pin  17  to  -Vs  (Pin  15)  improves  settling  by 
decoupling  switching  noise  from  the  ctirrent  sink  base  line.  A 
reference  current  cell  provides  feedback  to  the  control  amp  by 
sinking  current  through  Rset  (Pin  24). 
Full-scale  output  current  is  determined  by  the  voltage  at  CON- 
TROL AMP  IN  (Vrbp)  and  Rset  according  to  the        ..•  ,  u  .f 
equation: 

The  internal  reference  is  nominally  -1.26  V  with  a  tolerance  of 
±  10%  and  typical  drift  over  temperature  of  300  |i.V/°C.  If 


AD97f2/ft&97l3  ' 


greater  accuracy  or  better  temperature  stability  is  required,  an 
exui^fWeiMBs  eai  he  n^lfited.  the  ApS89  tetaaae^  abown 
m  'F^liol^  ^^'ftutiues^  ±10  ppooJ^  drift  over  fCDiperjKiil<esifibm  0'' 

to+7(rc.  •        '  ■  •  ■ 


Figure  1.  Use  of  AD589  as  External  Reference 

Two  modes  of  multiplying  operation  are  possible  with  the 
AD9712/AD9713.  Signals  with  bandwidths  up  to  400  kHz  and 
input  swings  from  -0.1  V  to  -1.2  V  can  be  applied  to  the 
CONTROL  AMP  input  as  shown  in  Figure  2.  Because  the  con- 
trol amplifier  is  internally  compensated,  the  0.1  |jlF  capacitor  at 
Pin  17  can  be  eliminated  to  maximize  the  multiplying  band- 
width. However,  it  should  be  noted  that  settling  time  for 
dumges  to  the  (figital  inputs  will  be  degraded. 


1  y- 


Figure  2.  Low  Frequency  Multiplying  Circuit 

The  REFERENCE  IN  pin  can  also  be  driven  directly  for  wider 
bandwidth  multiplying  operation.  The  analog  signal  for  this 
mode  of  operation  must  have  a  signal  swing  in  the  range  of 
—4  V  to  —5.2  V.  This  can  be  implemented  by  capacitively  cou- 
pling into  REFERENCE  IN  an  ac  signal  and  estabUshing  a  dc 
bias  of  -4.0  V  to  -5.2  V,  as  shown  in  Figure  3;  or  by  driving 
REFERENCE  IN  with  a  low  impedance  op  amp  whose  signal 
swing  ii'UPaaiSm'aiitt^rtoge.  ■  •  ^  -■  • 

■■II  I,-  ■;•  :•>'■  ■■  ■  ■- 


Figure  ^.  yiTideft^nd  Multiplying  Circuit 
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Us* 


Outputs 

The  Switch  Network  controls  complementary  current  outputs 
lovT      lour-  ^  indicated  earlier,  D1-D4  are  decoded  into  IS 
"thermometer  code"  lines  winch  drive  matched  current  spiuscsR^ 
D,  and  D«  control  weighted  curroit  sources;  and  D7-D12  are 
applied  to  the  R-2R  network. 

This  segmentation  reduces  frequency  domain  errors  due  to 
glitch  impulse.  Current  is  steered  to  either  Iqut  of  lour  P™" 
portion  to  the  digital  input  code.  The  sum  of  the  two  currents  is 
always  equal  to  the  full-scale  output  current  minus  one  LSB. 

The  current  output  can  be  converted  to  a  voltage  by  resistive 
loading  as  shown  in  Figure  4.  Both  Iqut       Iqut  should  be 
loaded  equally  for  best  overall  performance.  The  voltage  which 
is  developed  is  the  product  of  the  output  current  and  the  value 
of  the  load  resistor. 


Figure  4.  Typical  Resistive  Load  Connection 

When  operating  at  the  nominal  fedl-scale  current  of  20.48  UA, 
the  voltage  swing  will  be  from  0  to  - 1.024  V  across  SO  O  resis- 
tors. Bipolar  outputs  are  possible  by  sourcing  a  current  equal  to 
half  the  DAC  full-scale  current  into  the  load  resistor. 

An  alternate  method  of  converting  the  current  output  to  voltage 
is  by  driving  the  summing  node  of  an  operational  amplifier 
directly  with  a  feedback  resistor  selected  according  to  the 


Rfb  =  VouT  (FS)  I  lour  \PS] 
A  current  feedback  amplifier  such  as  the  AD9610  offers  signifi- 
candy  faster  settling  and  greater  bandwidth  than  a  conventional 
voltage  feedback  op  amp.  The  feedback  resistor  for  the  AD9610 
must  be  1.5  kfl  or  greater  to  maintain  stabihty.  This  value  for 
RpB,  along  with  the  20.48  mA  full-scale  output  current,  results 
in  a  full-scale  output  of  30  V,  which  exceeds  the  output  range  of 
the  AD9610. 


Full-scale  < 


r  eillier  le^udng  the 


the  DAC  output  as  shown  in  Figure  S.  Reducing  DAC  full-scale 
output  cturent  degrades  both  linearity  and  settling  time;  there- 
fore, the  current  divider  method  is  preferable. 


Figure  5.  I/V  Conversion  Using  Current  Feedback  Amp 

The  DAC  output  is  not  clamped  at  virtual  ground  in  this  .config- 
uration because  of  the  series  resistance  R^..  [r^..yfilue.af  JCpp  i$ 
selg^d  according  to  the  equation:  1 


Mil  ..I  ■    .      RlJpS  -  (  ''^^"^  +loFF  \  Rl 


/OKF  I  J 


=  sao,  r  -  -f 
R™  =  i.s  kn ' 


'FB 

Ips  =  20.48  mA 

,  -Vzero  Scale 


'itTDfsJ"  foiinb  ad' m 


OFF  ■ 


Rfb 


3.3  mA 


Given  these  conditions,  Rpp  =  103.6  SI  ■  j  ■ 

Power  and  Grounding 

Maintaining  low  noise  on  power  supplies  and  ground  is  critical 
for  obtaining  optimum  results  with  the  AD9712  or  AD9713. 
DACs  are  most  often  used  in  circuits  which  are  predominantly 
digital.  To  preserve  12 -bit  performance,  especially  at  conversion 
speeds  up  to  100  MSPS,  special  pre(^Utions'are  iiecraMfyfbr 
power  supplies  and  grounding. 

Ideally,  the  DAC  should  have  a  separate  analog  ground  plane. 
All  ground  pins  of  the  DAC,  as  well  as  reference  and  analog 
output  components,  should  be  tied  directly  to  this  analog 
ground  plane.  The  DACs  ground  plane  should  be  connected  to 
the  system  ground  plane  at  a  single  point. 

Ferrite  beads,  along  with  high  frequency,  low  inductance  decou- 
pling capacitors,  should  be  used  for  the  supply  connections  to 
isolate  digital  switching  currents  from  the  DAC  supply  pins. 
Separate  isolation  networks  for  the  digital  and  analog  supply 
conttecdoBS  will  further  reduce  supply  noise  coupling  to  the 
output.  '-' 

Molded  socket  assemblies  should  be  avoided  even  when  proto- 
typing circuits  with  the  AD9712  or  AD9713.  When  the  DAC 
cannot  be  directly  soldered  into  the  board,  individual  pin  sock- 
ets such  as  AMP  #6-330808-0  (knock-out  end),  or  #60330808-3 
(open  end)  should  be  used.  These  have  much  less  effect  on 
interieid  o^ncittnice  dmi  do  molded  asaemblks. 
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AD9712  Harmonic  Distortion  vs.  Update  Rate 
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AD9713  Harmonic  Distortion  vs.  Update  Rate 
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ANALX)G 
DEVICES 


12-Bit  100  MSPS 
D/A  Converters 


AD9712A/AD97im 


FEATURES 

100  MSPS  Update  Rate 
ECL/TTL  Compatibility   ,  . 
SFDR  @  1  IVIHz:  70dBc 
Low  Glitch  Impulse:  3S  pV-s 
Fast  Settling:  25  ns 
Low  Power:  750  mW 
3/4  LSB  DNL  (K  and  T  Grades) 

-AmjGATIONS  : 

ATE  ! 
Signal  RjM^t^^^&etton  . 
Ai^iliy  WaH«f6rii9^$enBi!9toi« 
Diqitai  SynHierizera 
Signal .Genecatms  '1.:  ^ 


Se  ^^Mk  mid  Al)971M  D/A  conv< 
fer  die  AD$912  srfd>AI}9713  units  ' 

I  InpBlv  process.  Hie  S^X. 
ble  device  feamnagiupcbne-iatcs  <tf -II 
nniin»/^TTI,-eoinpata>le  iy)97134  will 

^^igiied  for  direct  digital  synthesis,  waveform  reconstruction, 
and  high  resolution  imaging  application  both  c^vices  fealjpe 
low  glitch  impulse  of  SO  pV-s  neA      «ettya^4^us  «f  25  ns  for 
the  ^i^XlK,  and  30  ns  fw  ^  AD9713A.  Botli  units  are  char- 
't  for  dyaaqpic  pei&tmiuice  and(j^ve  «(^ent  harmg^c 
;  "Ehe  K-ai^T  ftades  havegtiaiaDteed-liBtiS'OD 


FUNCTIONAL  BLOCK  DUGRAM 


AD9712A«713A 


-®  kx/T 


r^7]  REFERENCE 

^  -'in 


:  AD9712A  and  AD9713A  are  available  in  28-pin  plastic 
Dips  and  PLCCs,  with  an  operating  temperature  range  of  0°C 
to  -t-70°C.  Both  are  also  available  for  extended  temperature 
ranges  of  -SS°C  to  -t-12S°C  in  cerdips  and  28-i»n:J-tea(ted  ce- 
ramic packages. 


t<>. 


It'"  'Ui 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  essames-no  obligation  regarding  future  manufecture  unless  otherwise  agreetl  to  in  writing. 


RgV.O 


tmiTAL^rO-ANALOGCONVBRTEIIS  2-761 


Negative  Supply  Voltage  (-Vj)  -7  V 

(AD9712A  and  AD9713A) 

Analog-to-Digital  Ground  Voltage  Differential  0.5V 

Digital  Input  Voltages  (D1-D12,  LATCH  ENABLE) 

AD9712A  0  V  to  -Vs 

AD9713A  -0.5  V  to  +Vs 

Internal  Reference  Output  Current  -20  (lA  to  +500  ^lA 

Control  Amplifier  Input  Voltage  Range   0Vto-4V 

Control  Amplifier  Output  Current  jg,,,  ±2.5  mA 


Operating  Temperature  Range 

AD9712A/AD9713AJN/JP/KN/KP  0°C  to  +70°C 

AD9712A/AD9713ASJ/SQ/TJ/TQ  -55°C  to  +125°C 

Maximum  Junction  Temperature^  —  - 

AD97I2A/AD9713AJN/JP/KN/KP  +150°C 

AD9712A/AD9713ASJ/SQ/TJ/TQ  +175°C 

Lead  Temperature  (Soldering,  10  seconds)   +300°C 

Stinage  TenqicnttDie  Range   -6S°C  to  +  1S0°C 


i^MglllARACTERISTICS 


[-Vs  =  -S.2  V;  +Vs  =  +S  V  (AD9713A  only);  Refi 
=  7.5  kn,  uMless  otherwise  noted] 


PuaineteT  (Coi 


BUESOLimON  ' 


DC  ACCURACY 
Differential  Nonlineaiity 

Integral  Nonlinearity 
("Best  Fit"  Straight  Line) 


INITIAL  OFFSET  ERROR 
Zero^-Scatepaset  Error 

Full-Scale  Gain  Error' 

Offset  Drift  CoefScient 


Temp 


+25°C 
Full 
+25°C 
FuU 


+25°C 

Full 

+25°C 

FuU 

+25°C 


REFERENCE/CONTROL 
Internal  Reference  Voltage 

Internal  Reference  Voltage  Drift 
AmpUSer  InMit  Impt^dance 
AmpBffilr%iid«i^ 


+25°C 

FuU 

FuU 

+25°C 

+25°C 


REFERENCE  INPUT* 
Reference  Input  Impedance 
Ref.  Multiplying  Bandwidth' 


+25°C 
+25°C 


OUTPUT  PERFORMANCE 
Full-Scale  Output  Current' 
Output  Compliance  Range 
Output  Resistance 
Output  Capacitance 
Output  Update  Rate' 
Output  Settling  Time  (f^'f 
Output  Propagation  Ddiqr  fen)' 
GUtch  Impulse'" 
Output  Slew  Ratt" 
Output  Rise  Time" 
Output  Fall  Time" 


+25°C 
+25''C 
+25°C 
+25^ 
+25°C 
+25°C 
+25°C 
+  25°C 
+25°C 
+25°C 
+25^ 


DIGITAL  INPUTS 
Logic  "1"  Voltage 
Logic  "0"  Voltage 
Logic  "1"  Current 
Logic  "0"  Current 
Input  Capacitance 
Input  Setup  Time  (tj)'^ 

Input  Hold  Time  (t„)" 

Latch  Pulse  Width  (tj^) 
(LOW)  (Tn 


FuU 

FuU 

FuU 

FuU 

+25°C 

+25°C 

FuU 

+25°C 

FuU 

+25°C 


This  information  applies  to  a  product  under  ttevelopnwm^^s  chaiiacta;)istl6Bai!id  s^ificatiiBiism^u'^^  notiee. 
Analog  Devices  assumes  no  obligation  regarding  future  (Minufa^iW  sinless  otherwise  agreed  to  in  writing. 
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FUamelec  (Conditioiis) 

Temp. 

Level 

Min  Typ 

Max 

Min 

X  

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Units 

AC  LINEAIUTY'* 

Spurious-Free  Dynamic 

Range  (SFDR) 

1  MHz  Output  @  12.5  MSFS 

+25X 

V 

68 

68 

68 

68 

dBc 

5  MHz  OuQHit  @  2S  MSPS 

+25°C 

V 

64 

64 

64 

64 

dBc 

WMm  Oiam  ®  SO  MSFS 

+25°C 

V 

58 

58 

58 

58 

dBc 

POWHl  SOPPLT'* 

PfMHfiTp  Supply  (^mcsDt 

+25°C 

I 

5 

10 

5 

10 

mA 

(+5.0  V)        '  •  ■  ■ 

Full 

VI 

13 

13 

nuA 

Negative  Supply  CuReut 

+25°C 

I 

X38 

165 

138 

165 

142 

170 

142 

170 

mA 

(-5.2  V)  .j^ 
Nominal  Power  Disa^nlioh 

Full 

VI 

175 

175 

180 

180 

mA 

+25°C 

V 

676 

676 

726 

726 

mW 

Power  Supply 

Rejectiw  Ratio  CF|9(R)-'. , 

+35°C 

I 

,  50 

280 

50 

280 

50 

280 

50 

280 

NOTES 

'Absolute  maTinnim  ratings  are  limiting  values  to  be  applied  individually,  and  beyond  which 
ability  is  sot  necessarily  implied.  Exposure  to  absolute  mayiTniiin  rating  conditions  for  an 

^Typical  thermal  impedances:  28-pin  plastic  DIP  6,^  =  42°C/W;  Qjc  =  7''C/W;  28-pm  PUXt 
28-pin  J-Leaded  package:  Bja  =  SO^C/W;  Bjc  =  30°C/W;  Cerdip:       =  75'C/Wi  fljc  =  25"! 

^Measured  as  error  in  ratio  of  full-scale  current  to  current  through  K^in  O^'^  M-A  nonui|ftl)i|ratio 


it/  of  tlie  drcah  009  be  inqMdred.  Functional  oper- 
dme  may  affect  devke  rdiability. 
=  l(rC/W; 


  is  noa^ally  1. 

'^Full-scale  variations  among.'dencQ  jve  higher  when  driving  REFERENCE  INPUT  d9R^. 
^r«iuency  at  which  a  3  dB  change  in  output  of  DAC  is  observed;  R,^  =  50  O;  50%  mQd^|un  ^l^jy^lr 


128. 


^Bastti  on  Ipg  =  128  (VnEp/Rgg-i-)  when  using  internal  amplifier. 
'Output  setiUng  to  0.1%. 

'Mouored  as  voltage  settling  at  midscale  transition  to^O.024%;      -  50  i:.. 
^^I^^^^^^^^%S^^^^^^0J^^^^  ENABLE  si^l  to  50%  transition  pom  of  fHltput  signdl. 
"^KtMunpiilse  com^ei  me  absolute  value  of  positive  and  negative  transitions. 
^^Measured  with  Rl  =  75  n  and  DAC  operating  in  latched  mode. 

'^Data  must  remain  stable  for  specified  lime  prior  to  falling  ed^e  of  LATCH  ENABLE  s 
'^Data  must  remain  stable  for  specified  time  after  r^gfe^edgif^f ^TCH  HKABIK-fliui: 

^^FPR  »  d^ned  as  the; diffbcenee  ia  mgteil  autsf  hSme^0^Hi\\a\mfftkaM^  in  the  output  spectrum  from  dc  to  one-half 

the diDck rate, «cludii4 ■/•'*VI/^-'    .     '   '%  MP 
''Supply  voltages  should  remain  stable  withm  d;5%  jfin*  nopnal  operation. 

'"Measured  at  ±5%  of  +Vs  CAD9713A  only)  and  -Vg  CAD9712A  or  AD97T3 A)  using  extcrnia  tcfeetice. 
Specifications  subject  to  change  without  notice. 


1^ 


EXPLANATION  OF  TEST  hBY&S 


Level 

I  - 

n  - 

in  - 

IV  - 

V  - 

VI  - 


100%  pnxtuctkni  tested. 

100%  inoduetei  tested  ft  asd  sample  tested  at 

specified  temperatures. 
Smiple  tested  only. 

Parameter  is  guaranteed  by  design  and  characterization  " 
testing. 

Parameter  is  a  typical  value  only. 
All  j^evices  are  100%  production  tested  at  +25X.  100% 
pto^^^  tested  at  temperattue  extremes  for  exten^ 
toi^^^ue  devices;  sample  tested  at  temperature 
—  for  commercial/industrial  devices. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  hdtice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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AD9712A/ADg713A 


PIN  DESCRIPTIONS 


rT- 


Pin  No.  Name 


Ftmeiiim 


1-10 

11 


12 
13 

14 
15 
16 

17 


18 


19 
20 

21 
22 
23 
24 

25 
26 
27 
28 


Dj-D,  1  — — —  Ten  of  12  digital  input  bits. 

D,2  (LSB)  Least  Significant  Bit  (LSB)  of  digital  input  word. 

Input  Coding  vs.  Current  Output  j 


Input  Code  D,  -  D,, 
lUllllimi 

000000000000 

DIGITAL  \\ 

ANALOG  RETURN 
•M         I  mi 

*OUT 

ANALOG  -Vs 


-j  HUmo'  mat ' . 


eowmot  a»  ©irr 


CONTROL  AMP  IN 

DIGITAL  -Vs 
JgFEgENQE  GROUNp 
oi^^AL  +Vs  ' 


ANALOG  -Vs 
LATCH  ENABLE 
DIGITAL  GROUI® 
Di  (MSB) 


-(mA) 


til  -y^r  5»?1S| 


I  OUT  (mA) 
-20.475  0 

0  -20.475 
One  of  two  negative  digital  supply  pins;  nominally  -5.2  V. 

Analog  ground  return.  This  point  and  the  reference  side  of  the  DAC  load  resistors  should 

be  connected  to  the  same  potential  (nominally  ground). 

Analog  current  output;  full-scale  output  occurs  with  digital  inputs  at  all  "1." 

One  of  two  negative  analog  supply  pins;  nominally  -5.2  V. 

Complemenaty  aiyes  cuiireilt  output;  zero-scale  outQ^occurs  witt^|^gf|^i$  at 

"1." 

NormaUy  connected  to  CONTROL  AMP  OIJT.^ 
network.  Voltage  changes  at  this  point  have'*; 
imit.  Full-scale  current  output  =  128  (RgG: 
amplifier 

NormaUy  connected  to  RBFERflK^WCV  ^Pin  17).  Output  of  internal  control 
amplifier,  which  prov^es^fK^p^pn^-'ompeiisa^  drive  level  to  the  current  switch 


network. 

Normally  gm^cK 
Napiplly  eotinecsiiiUS  Cl 


Direct  line  to  DAC  current  source 
on  the  full-scale  output  value  of 
.sky)  when  using  internal 


inl  drive 


FERENCE  OUT  (.Pin  2(^  if  not  coimected  to  external  reference. 
TSIOL  AMP  Ilf  (Pin  19).  Internal  voltage  reference,  nominally 


ply  pins;  nominally -5.2  V.  '>iH<J< 
iternal  nal^^e  fifer^ce  and  amplifier. 

a^kbe  AD9713A;  nominally  +5  V. 


^  rsfdjcogff  Full-scale  current  out  =  128  (Reference 
iriial  amplifier.' 


Connectiq^for  exteitial 
voltage/its]^)  wlien  usiii^ 
One  of  two  negative  analog  supply  pins;  nominally  -5.2  V. 

Transparent  latch  control  line.  Register  is  transparent  when  LATCH  0fABLE  is  LOW. 

Digital  ground  return. 

Most  Significant  Bit  (MSB)  of  digital  input  word. 


DIP 


rcSi^^ieuitATioNs 


PLce 


D,  [7 

^[I 

D,  U 
Ds  |T 
Ds  [? 
"it  [7 
D„  ^ 
D„(LSB)  ^ 
DIOrTAL-Vg  ji2 
/UUkLOGOROUND  |l3 
■our  ^ 


AD9712A 
AD9713A 


TOP  VIEW 
<Not  to  Scale) 


^  nOITAL  GROUND 
^  LATCH  ENABLE 
^  ANALOG  -Vs 

El  "set 
23]  DIGITAL  *-Vs 
^  REFERENCE  GROUND 
21]  DIGITAL -Vs 
E]  REFERENCE  OUT 
19]  CONTROL  AMP  IN 
li]  CONTROL  AMP  OUT 

!Zl_ 

iE  loui 
iH 


£2  f  3  u  IQ 
o"  3   e   iSt  iJao-JB 


^  uaxjoe-v. 

m]  Rset 

D»[» 
Oio[9 

On  |lO 

AD9712A 
AD9713A 

TOP  VIEW 
(Not  to  Scale) 

»]  DIQITAL<.Va 
;ri  REFERENCE 
==1  GROUND 
21]  DIG1TM.-VS 
r-i  REFERENCE 
»l  OUT 

D,,  (LSB)  (11 

ig]  CONTROL 
— '  AMPIN 

1  ii  S 


za 

S3 


^UCtuQdei;  dewlppment.  .^^)iaract$ci^^  specifications  are  subject  to  change  vyithout  notic^. 
{fafioii  rs^ar^rigj^ture^r^^^ 


Zr764  oiGma..TQ^Amtmx:mvmims 


ANALOG 
DEVICES 


10-Bit,  300  MSPS 
D/A  Converters 


AD9720/AD9721 


FEATURES 

300  MSPS  (ECL)/100  MSPS  (TTL)  Upd^  Itafii 
Low  Glitch  Impulsa:  15  pV-s 
Fast  Settling:  10  ns  to  1/2  LSB 
Low  Power:  1.1  W 
On-Board  Quadrature  Logic 

for  DDS  Applications 
Differential  Ciodi  (ECL) 

APPLICATIONS  ^ 
Direct  Digital  SynthMis 
Aibitrary  Waveform  Syntlii 
Wamfoim  Reconstruction 
Hi^  Spaed  Imaging 


FUNCTIONAL  BLOCK  DIAGRAM 


CLOCK  CLOCK 

-P  Q— 


EOT  Q  I 


AD9720/9721 


SWITCH 
NETWORK 


INTERNAL 
VOLTAGE 
REFERENCE 


REF  OUT  CONTROL 
AMPIN 


■  raBBCMPTpON 

lie  J^9l2lfaSWJ9n^  UBt  OBUvtftns 
dii}t|4^o-aBili!ciefMmsim  construct 
fa^ohm  pMceu.  TWAIifT^O  is 
tqid»e;iq>  to  300  M^;%e 

I^(|signed  for  direct  digital  s^thesis  (DDS),  i^^foMfrecon- 
Mtuction,  and  high  resolifticra  video  applicatjons^Doth  devices 
;.1S  pV-j;  and  fiut^^Etding 'times  of 

On-board  logic  minimizes  external  components  in  DDS  applica- 
tions. All  that  is  needed  for  300  MHz  DDS  is  the  AD9720,  the 
iyDiMSjO  Phase  Accmrailator,  and  Ik  x  9  of  memoiy. 


are  dianctetized  for  djmamic  pecfecmanoe,  and 
It  harmonic  suppression  and  spectral  purity  in 
jnieration  applications. 

The  units  af^gilable  in  28-pin  DIPs,  28-terminal  PLCCs  and 
J-leaded  qu(d  packs.  Commercial  devices  are  packaged  in  plastic 
for  operation  from  0°C  to  -l-70°C;  extended  temperature  range 
devices  for  operation  from  -55°C  to  -l-125°C  are  in  hermetic 
ceramic  packages.  Contact  the  factory  for  information  airaut  the 
availability  of  MIL  STD  883  devices. 


-.  :1b 
afifc 


This  iMiaAnation  appiiM  to  a  product  Bndar  detmtopnwm.  te'i^araeteristiGs  and  specfficatioiis  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obtigalioH  ^^rding^ftiturs  manufacture  unless  otherwise  agreed  to  in  writing. 


RBVtJi) 


DKSITAL-TOANALOG CONVERTERS 


il  tKI5llb5  unless  otherwise  noted) 


Parameter  (Conditioiu) 


Temp 


Test 
Level 


AD9720KN/KP 
Min    Typ  Max 


AD9720TJ/TQ 
Min   l^p  Max 


AD9721KN/KP 
ABa  Typ  Max 


AD9721TJ/TQ 
IMin  Tfp  Max 


RESOLUTION 


10 


10 


10 


10 


DC  ACCURACY 

Differential  Nonlinearity 

Integral  Nonlinearity 
("Best  Ftf*  Stiai^  tine) 


+25°C 

FuU 

+25°C 


0^ 


0.5 

0.75 

1 


0.25 


0.5 

0.75 

1 


0.25  0.5 
0.75 
1 


0.25  0.5 
0.75 
I 


^Uli^^    INITIAL  PFFSET  ERROR 
Zero-Sc)k>(^%^^3ar 


Fiill-Scale  Gim(I&iat' 


+25°C 
Full 
+25''C 
Full 


0.5 
I.O 
20 
20 


0.5 
1.0 
20 
20 


FifiFERENCE/CONTROL  AMP 
Internal  Reference  Voltage 

Internal  Reference  Voltage  Di^^ 
Amplifier  Input  Impedance 
Amplifier  Bandwidth 


+25°C 

Full 

FuU 

+25°C 
+25°C 


-1.1  -1.25  -1.3 

-1.1  -1.3 
440 

50 
300 


-1.1 
-1.1 


-1.25 


440 

50 
300 


300 


300 


REFERENCE  INPUT- 
Reference  Input  Impedance 
Reference  Multiplying  Bandwidth^ 


+25°C 
+25°C 


50 

00 


50 
70 


OUTPUT  PERFORJWANCE 
Full-Scale  Output  Current* 
Output  Compliance  Range 
Output  Resistance 
Output  Capacitance 
Output  Update  Rate' 

Curf^  SHding'Tilii^  (UttSISf 
Voltage  Settling  Time  (1/2  USSSf 

Propagation  Delay  (tpo)' 
Glitch  Impulse' 
Output  Slew  Rate' 
Output  Rise  Time' 
Output  Fall  Time' 


+25°C 

+25'C 

+  25°C 

+25''C 

+25°C 

FuU 

+25°C 

+25°C 

+  25°C 

+  25°C 

+25°C 

+25°C 

+25°C 


20.48 


-1.2 


+3 


15 

100 

100 
15 


20.48 

mA 

-1.2 

+3 

V 

kn 

15 

pF 

100 

MSPS 

100 

MSPS 

5 

10 

ns 

5 

lb 

ns 

ns 

IS 

pV-8 

DIGITAL  INPUTS 
Logic  "1"  Voltage 
Logic  "0"  Voltage 
Input  Capacitance 
Iiqiut  S«tp  t^t^ 

Input  Hold  Time  (tn)" 

Clock  Pulse  Wd±  (Low) 
aock  Pulse  Wklth  (High) 


FuU 
FuU 

+25°C 
+25°C 
FuU 

+25°C 
FuU 

+25°C 
+25°C 


2.0 


2.0 


0.8 


0.8 


DYNAMIC  PERFORMANCE 
Spuiious-Free  Dynamic  Range  (SFDR)'^ 
1.2  MHz  Output  @  SO  MSPS 
10  MHz  Output  @  100  MSPS 


+25°C 
+25°C 


70 


70 


POWER  SUPPLY" 
Nominal  Power  Dissipation 


+25°C 


ThMiiiAfomation  aupHes  a  product  under  development.  Its  characteristics  arahs^seififiations  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  uttless  otftecMt^ilgceed  to  in  writing. 
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2-766  DIGITAL-TO-ANALOG  CONVERTERS 


NOTES 

'Measured  as  error  in  ratio  of  full-scale  current  to  current  through  Rset  (160      nominal);  ratio  is  nominally  32. 

^Full-scale  variations  among  devices  are  higher  when  driving  REFERENCE  IN  d^f^c^. 

frequency  at  which  a  3  dB  dia^  m  outimtof  .Q^C.jf  obserwd;,^^^  -  SO     9(j,|(  nmdulatiai  at  nudscale. 

•Based  on  Ips  =  32  (CONTROL  AMP  IN^et)  '°<^^  '  . 

^Output  settling  to  0.1%.  ^    ^  '  j^^. 

'Measured  as  voltage  settling  at  midscale  transition  to  ±0.024%;  Rl  =  50  fl.  j   -  s  v  '  i-i-"^' 

^Measured  from  rising  edge  of  CLOCK  signal  to  50%  transition  point  of  output  signal.  .  ' 

"Glitch  impulse  combines  the  absolute  value  of  positive  and  negative  transitions.  '  '  >'  '  "  ' 

'Measured  with  Rl  =  50  O  and  DAC  operating  in  latched  mode.  ^ 
'°Data  must  remain  stable  for  specified  time  prior  to  rising  edge  of  CLOCK. 
"Data  must  remain  stable  for  specified  time  after  rising  edge  of  CLOCK. 

'^SFDR  is  defmed  as  the  difference  in  signal  energy  between  the  fimdamental  and  worst  case  spurious  freauencies  in  the  output  spectrum  from  dc  to  one-half 
the  clock  rate,  excluding  dc. 

^%i|>p^  voltages  should  remain  stable  within  ±5%  fornotmal  operation.  . 
Spedfioidons  subiect  to  change  without  notice. 


«WS€MIXEil^3aMUM RATINGS'        .  -   ^  . 

PWti^  Snpfay  rdttage  (+Vs)  (AD9721  only)  .  -1-6  V 

Native  Supply  Voltage  (-Vj)  -7V 

(AD9720  and  AD9721)  Analog  Output  Current  .  .  .  .  .  30  mA 
Digital  Input  y«^s«^  (Di-Dm,  CLCX:K,  CLOCK) 

AD9720    0  V  to  -V, 

AD9721   -0.5  Vto  +Vs 

Internal  Reference  Output  Current  ,-»!.  .  .  \  .  .  500  fiA 

Control  Amplifier  Input  Voltage  Range  ^'4^      .  .  0  V  to  -4  V 

Control  Amplifier  Output  Curtent^^te  <fj*v'"  ^'^ 

Reference  Input  Voltage  .  .  .  :  .  .  .  -|«?  V  to  -Vs 

Range  (Vref)  ^ 
Operating  Temperature  Range 
AD9720/AD9721KN/KP  .  .  .  '.''.'•.-.1 .  0°C  to  +70''C 

AD9720/AD9721TJ/TQ/883   -SS'C  to  -I-125X 

Maximum  Jimction  Temperature^ 

AD9720/AD9721KN/KP   -H50°C 

AD9720/AD9721TJ/TQ/883   -H75°C 

Lead  Temperature  (soldering,  10  seconds)  -F300°C 

Storage  Temperature  Range   -65°C  to  +  150°C 

NOTES  •  . 

^'Ahantnte  iwtajjm<»m  wrt^jgg  itm  }^ii^!^^vuhut»  fn^^iflRpiA  indhi^Aa^ty^  and 

bqrond  wl^  die  srarvieeal&tjr  ff  S:  citcuit  may  be  hnpdred.  Fimciional 
operability  is  not  necessarily  implied.  Exposure  to  absolute  maximiun  rating 
conditions  for  an  extended  period  of  time  may  affect  device  reliability. 
'Typical  thermal  impedances:  28-pin  plastic  DIP  6^  =  42°C/W;  e,c  -  7°C/W; 


^jMoFLCCeu 


10°C/W;  ^pii^J-Leaded  package:  6,^  =^ 
75-CSr!r;4K=  25"C/W, 


III 
IV 


V 
VI 


I 


IBST  LEVELS 


>?£']9roduction  t^ted, 
100%  production  leKed  at  +25°C,  and  sample  tested  at 
specified  teiQperatiures. 
Sample  tested-tinly. 

Farui^er  is  guaranteed  by  design  and  characterization 
tesdg. 

Parameter  is  a  typical  value  only. 
AU  devices  are  100%  tested  at  +25°C.  100%  production 
tested  at  temperature  extremes  for  extended  temperature 
devicesj  sample  tested  at  temperature  sttremes  for 
commercial/industrial  devices. 


^.1 


This.  Information  applies  to  «  product  under  development.  Its  characteristics  and  specifications  are  subject  to. change  without  notice. 
Analog  Devices  assumes  qo  obligattoniFegajxIti^  htute  manufacture  unless  otherwise  agreed  to  in  writing. 
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-piN  BESCSIPIigi^ 


DIP 

Pin  #  Name 


Fimctioii 


1  D,  (MSB) 
2-9  02-^1 


10 


'I'lihl 


11  CLOCK 


12 

CLOCK/NC 

13 

INVERT 

14 

DIGITAL  — V«/+W» 

IS 

GROUND 

16 

DIGITAL  -Vg 

17 

RsET 

18 

'  GROUI®  •  ■ 

19 

ANALOG  RETURN 

20 

lour  '       t  - 

21 

22 

ANALOG  -Vs 

23 

RJP'ERENCEIN 

rvl  's»ii>iiia  mow 

24 

CONTROL  AMP  OUT 

25 

REFERENCE  OUT 

26 

CONTROL  AMP  IN 

27 

DIGITAL  -V, 

28 

GROUND 

Most  Significant  Bit  (MSB)  of  digital  input  word. 

Bgfat  of  10  digitU  IraMtfaita.  Dfgjial  imnts  «ie  E(^'«W&|MAifeffi^AD9^'fti&  bsnpatible  for 
a!9721.  See  coding  table  ebCTAmr  -^-uci  ■r^.'T^^-!  .-oi^^'.y. 

Least  Significant  Bit  (LSB)  of  digital  input  word. 
Input  Coding  vs.  Current  Output 

Input  Code  Di-D,(,  Iqut  (mA)  Iqut  (mA) 

lllllllUl  -20.48  0 

0000000000  0  -20.48 

Edge-triggered  latch  enable  signal  for  on-board  registers.  ECL  compatible  for  AD9720;  TTL  compatible 
for  AD9721.  Register  loads  data  on  rising  edge  of  CLOCK  signal;  must  be  driven  in  conjunction  with 
CLOCK- 

Complementary  edge-triggered  latch  enable  signal  for  oii-baard  iqgoteis.  ECL  compatible  for  AI>972d; 
TTL  compatible  for  AD9721.  .  ,.  •  .  J.      ,    .  ,  ■        w.-tt.' ■ -^t'- 

Notmalfy  connected  to  logic  LOW.  Control  signal  for  on-boud  quad  logic. 

One  of  three  negative  digital  supply  pins;  nondnaliy  -SJZ  V. 

Converter  ground  return. 

Cfae'  of  tluee  negative  digits  siq>i^  pins;  nominally  -S.2  V. 
Connection  for  external  resistance  reference;  nominally  1,< 
Ftaltscale  cuneat  out  =  32  (CONTROL  AMP  IN/R^ 
GaMentet  ground  return. 

Analog  current  return.  This  point  and  t 
the  same  potential  (nominally  |p-ininr||| 

Analog  current  output;  full-scale^t^noSuA  with  digital  inputs  at  all  "1."  With  external  load  resistor, 
output  voltage  =  Iqut  (Rload  II  Rinternal)-  Rjnternal  is  nominally  200  fl. 
Complementary  analog  current  output;  zero-scale  output  occurs  with  digital  inputs  at  all  "1." 
Negative  anatisg  supply;  nominally  -3.2  V. 

Norm^  connected  to  CONTROL.^ 
Voltage %hanges  (noise)  at  this  poinf| 
Full-scafi(.cuiTeni  ouiom 

I^amaUy  o^e^^^l^PKENCEJ 
ptovides  a  zefiKenoeKr  f 

Nofmalty  oonnected  to  CONTROL^^fl  HT  (Fin  25).  Internal  voltage  leference,  nominally  -1.27  V. 
Normally  oonnecKd  to  REFERENcSCUT  (Pin  24)  if  not  connected  to  external  reference. 
One  of  three  n^ative  digital  siq^y  pins;  nominally  -5.2  V. 
Converter  ground  return. 


internal  amplifier. 
DAC  load  resistors  should  be  connected  to 


lirect  line  to  DAC  current  source  network, 
full-scale  output  current  of  DAC, 
using  intmial  amplifier, 
itput  of  internal  control  amplifier,  which 


nN  CONFIGURATIONS 


Hxx: 

2  i  £  is 

O  ^   z  p. 

a,    ^    ^   a    >  Koa 

ClC)0  0£lEO< 


D»[T 
"4  [7 

0,(108)  [l1 


AO9720/ 
AD9721 

TOP  VIEW 
(Not  To  Sella) 


M|  RET  OUT 

m]  ref  in 

a]  CONTROL  AMP  OUT 

Ml^OUT 

E'OUT 

»|/uwLooiieniiw 
i>|c 


D,  (MSB)  |T  • 
D,  U 

D.[T 
Or  [T 


HHHhiJHiiiJH 
§  Is 


f  1 


D,[T 
0„(lSB)[lO 

CLOCK  [TT 
CLOCK  (NC)  (l7 
INVERT  [tt 
DIGITAL -Vj  (tl^)  [m 


DSP 

— 


AD9720/ 
AD9721 


I — I  TOP  VIEW 
°*  LL|  ffMtoScale) 


ifrl  GROUND 
g](»dlT*L-\t 
»]  CONtmLAMPH 
a]  REF  OUT 

m]  control  amp  out 

23]  REF  IN 

a\  analog -11^ 
21]  i 

»]  ANALOG  REIURH 
is]  GROUND 
it]  Rsct 

is]  diqital-«^ 
15]  ground 


'OUT 

'out 


This  information  applte&to.a,product  under  development.  Itt  characteristics  and  specifications  aiwIsabjeetclcKenwge^rithotit  ttottee. 
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ANALOG 
DEVICES 


Ultrahigh  Speed  ICi 
D/A  Converter 


AD9768 


FEATURES 

5ns  Settling  Time 

100MSPS  Update  Rate 

ZOmA  Output  Current 

ECL-Compatible 

40MHz  Multiplying  Mode 

APPLICATIONS 

Raster  Scan  &  Vfctor  @riq>hle  EMsplays 
High  Speed  Wtowrfotiii  CmiwBwi 
DigMWCOs 

UHm^Nst  D^ttaLAttmiiatan 


The  Affiitog  DewBMhb^TegSD  D/A  converter  is  a  motioliihic 
«Br—'H""l«!*  which  can  accept  8  bits  of  ECL-level 

digital  iagm  voltages  and  convert  them  into  analog  signals  at. 
update  rates  as  high  as  lOOMSPS.  In  addition  to  its  use  as  a 
standard  D/A  converter,  it  can  also  be  utilized  as  a  two-quadrant 
multiplying  D/A  at  multiplying  bandwidths  as  high  as  40MHz. 

An  iiAerauly  low  glitch  de^p'  is  medli'ii^  xbp  complementary 
enrtent  outputs  are  soluble  for  diinng  ttwsmissiQB'lioeBidiieedy'^ 
NjamiinA  fliU-scale  oo^nit  is  20diA,  i^iidi  cooeqxmds  to  a  1- 
volt  dnp  icrass  a  son  toed,  or  ±lv<ritacimiiaOOictuniedtD 
+ 1  veil.  The  actual  ooqint  current  is  dgterminwl  by  the  on-chip 
wference  voltage  (Vref  "  ~  l-2(iV)  and  an  external  current 
setting  resistor,  Rsbt- 

Fall-scale  ouQHit  currmt  lorn  with  d^tal  "1"  at  all  inputs  is 
edeulated  with  the  equation: 


Vrbt  -  Vref 


The  settiiig  RsiBlnr  RgBT  u>^  the  ou^ot  knd  resistor  should 
boA  have  low  temperamre  ooeffidoits.  A  complementary 
louT    olso  provided. 


FUNCTIONAL  BLOCK  DIAGRAM 

Imsb 


CURRENT  SWITCHES 


REFERENCE 
REFERENCE  AMPLIFIER 
GENERATOR 


-F 


The  v^Etence  voltage  source  is  a  modified  bandgap  type  ai^  k' 

nominally  —  1 .26  volts.  This  reference  supply  requires  no  external 
regulation.  To  reduce  the  possibility  of  noise  generation  and/or 
instability,  pin  15  (REFERENCE  OUT)  can  be  decoupled  using 
a  high-quality  ceramic  chip  capacitor.  Stabilization  of  the  internal 
loop  amplifier  is  by  a  single  capacitor  connected  from  pin  17 
(COMPENSATION)  to  groimd.  The  minimimi  value  for  this 
capacitor  is  3900pF,  although  a  0.01)i.F  ceramic  chip  capacitor 


The  iaGredibte  speed  characteristics  of  the  AD9768SD  D/A 
convertelr  make  it  attractive  for  a  wide  range  of  hi^  speed 
applications.  The  ability  of  the  unit  to  operate  as  a  two-quadrant 
multiplying  D/A  converter  adds  another  dimension  to  its  usefulness 
and  makes  the  AD9768SD  a  truly  versatile  device. 

AD9768SE  WS  CONNECnONS 


A09768JD/SD  PIN  CONNECTIONS 
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Ifij  REFERENCE  IN 
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RESOLUTION  (FS  -  FULL  SCALE) 
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NOTES 

'Relative  to  FS,  includina  lineuify  (within  vutoge  ccanpliaocc  linyls). 
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AD9768SDD/A  Schematic 
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TWEORY  OF  OPERATION 

Refer  to  the  AD9768SD  schematic. 

The  transistors  pictured  on  the  bottom  of  the  diagram,  connected 
to  paired  transistors  in  the  middle  of  the  schematic,  are  current 
sources  which  are  always  "on".  The  paired  transistors  are  dif- 
ferential current  switches,  designed  to  steer  current  froaj  ithe 
current  sotu'ces  to  either  pin  13  (lo)  or  pin  14  (Iq). 

Digital  inputs  applied  to  pins  1-8  determine  which  transistors 
will  be  operating  in  each  pair  and  establish  what  current  will 
iJow  at  pii^lS  md  14>        _  _ 

The  transt^or  oo  the  eiftreme  left  of  the  schematic  is  a  base 
reference  fi>r~£te'igaared-ciirreii^  switches  aHd-i»'Use(l  to  assure 
the  switchk  wiU:bie^^gHtt'^ed'ai@t^litl'%l  ECL  voltage  swing. 
The  diodes  connect^  toVie  base-of  this  tranastararetemperature 
compensation  devices  for  the  base  reference  circuit. 

There  are  three  different  current  sources  in  the  AD9768  D/A. 
The  eight  trans^tors  shown  on  the  bottom  of  the  schematic  are 
stnicturedias  two  identical  groups  of  four  current  sources,  each 
of  which  is  bioariiy-i^l^ted.  The  MSB  groupreomprised  of 
the  four  on  drei^btris'fOtmeited  to.  the  LSB~gltStip  through  a 
1S:1  current  divider  made  up  of  two  50n  and  two  7S0il  resistor 
networks.  The  geometry  of  the  AD9768  guarantees  the  binary 
weighing  ranos  among  the  100,  200,  400  and  800  resistors  in 
each  emitter  circuit  are  correa. 

T6e  resisioir' values  which  are  shown  indicate  tlie/r^tioV  among 
the  resistors,  and  not  their  nominal  values. 

The  third  current  source  is  a  single  transistor,  pictured  in  the 
lower  left  portion  of  the  schematic  with  its  collector  connected 
to  pin  18  RsET-  Its  function  is  to  help  estabUsh  the  base  voltage 
on  the  eight  current  sources;  it  works  in  conjunction  with  the 
external  Rset  resistor  selected  by  the  user  of  the  AD9768,  and 
the  reference  amplifier.  Current  flowing  through  this  transistor 
is  referred  to  as  Im  in  the  figures  and  text. 

When  the  AD9768  is  operating  as  a  conventional  current-output 
D/A  converter,  1m  develops  a  voltage  across  Rset  which  is  one 
of  the  inputs  to  the  on-board  reference  amplifier  shown  in  the 
schematic.  The  other  input  to  diis  amplifier  is  the  on-chip  reference 
voltage  of  -  1.26  volts. 

The  output  of  the  reference  amplifier  adjusts  the  current-source 
base  reference  voltage  at  pin  17;  this,  in  turn,  adjusts  the  value 
of  Im  in  the  single-transistor  current  source  and  causes  it  to 
develop  a  voltage  across  Rset  which  maintains  pin  18  at  the 
—  1.26  volts  of  the  on-chip  reference  supply. 

To  maintain  good  stabiUty  in  the  internal  loop  reference  amplifier, 
a  ceramic  chip  capacitor  with  a  nominal  value  of  0.01|xF  should 
he  connected  to  pin  17  COMPENSATION;  minimum  recom- 
mended value  for  tMs  capacitor  is  3900pF. 

The  temperature  coefficieat  of  the  load  resistor  (RO  can  affect 
die  performance  of  the  AD9768  D/A  converter,  as  it  can  with 
any  current-output  converter.  The  design  and  use  of  the  iVB9f68 
and  us  dependence  on  an  external  Rset  resistor,  however,  make 
it  sensitive  also  to  the  tempco  of  Rset-  The  user  is  cautioned  to 
select  Ri.  and  Rset  resistors  which  have  low  tem[)erature 
coefficients. 

IMGITAL  GROUND  (t^  J  ia-and  iitNAlSete.RETeRN  (pin 
12)  are  normally  connected  together;  this  connection  should  be 
made  as  close  as  possible  to  the  device  case  to  minimize  possible 
noise  problems.  The  AD9768  D/A  is  similar  to  any  other  high- 
speed, high  performance  device:  optimum  use  requires  careful 
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attention  to  all  design  details,  including  the  layout  of  the  circuit 
in  which  the  converter  is  used. 

COISVENTIONAL  AD9768  .  '3  - 

Btrfpr.,|SjSgB«a!4,rteo!W^to»liAD97iSg8       -  i-^  ' 

The  oU^tit  current  of  Wie  ]VDSt768  appears  at  pin  13  3o)  *nd 
develops  a  voltage  across  tihe  load  resistor  Rl  which  is  based 

on:  r .    , .  ■:■ . 

A.  Im  (the  curreA  flowSiig  through  the  single-trausJstBr 
source  discussed  above)  ■■'■'.!■ 

B.  ViliieofRi.  "  ' 


MULTIPLIER 


DIGITAL  INPUTS 

Figure  1.  Conventional  AD9768SD 

Im  is  a  function  of  the  return  voltage  CVrbt),  the  reference 
voltage  (Vref),  and  the  value  of  Rset>  all  of  these  are  selected 
by  the  user  for  his  application.  The  necessary  equations  for 
calculating  precise  values  for  each  are  part  of  Figure  1.  As  indicated, 
the  voltage  drop  across  Rl  is  added  to  the  return  yoltageMhe 
resulting  voltage  is  the  total  Vqut  of  the,  converter. 

VOLTAGE  MULTIPLYING  MODE 

In  addition  to  its  use  as  an  uhra-high  speed  current  output  D/A 
converter,  the  AD9768  can  also  be  used  as  a  two-quadrant 
multiplying  D/A  in  either  a  voltage  mode  or  a  current  mode. 

Refer  to  Figure  2,  Multiplying  AD9768  (Voltage  Mode). 

When  operating  in  this  mode,  Ae  analog  output  of  the  AD9768 
is  influenced  by  the  digital  inputs  and  an  external  multiplying 
vohage  (Vm)  applied  to  pin  16  REFERENCE  IN,  which  takes 
the  place  of  the  internal  reference  used  when  the  D/A  is  operating 
in  a  conventional  mann^<  1 


DIGITAL  INPUTS 

Figure  2.  Multiplying  AD9768  (Voltage  Mode) 

The  value  of  Im  flowing  through  Rset 's  set  by  the  voltage  of 
Vret  minus  the  multiplying  voltage  (Vm),  divided  by  RsetS  the 
amoimt  of  this  current  is  part  of  the  equation  which  establishes 
the  ^obA  outputXVour)  of  the  AD976R  and  is  filidsdtf^  8u  "i 
feSPfe  affiS&^n.  As  it  is  whefi%^Va^T«SI^*jg^'"^ 
conventional  firahion,  Vret, can  be  any  value  between  0  volts 
and  -b  3  volts',  '^m      puh>*>Ks  of  discussion  here)  is  some 
negative  voltage  and  can  be  varied  over  a  range  which  is  approx- 
imately 1  volt  peak-to-peak. 
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If  the  load  resistor  (R^)  has  a  value  of  SO  ohms,  if  Rset  has  a 
value  of  220  ohms,  and  if  Vret  is  OV,  the  center  of  the  Vm 
voltage  will  be  -0.6V;  and  it  can  vary  from  -O.IV  to  -  I.IV. 
Typically,  the  frequency  of  these  variations  has  an  upper  limit 
of  2S0kHz  when  operating  in  the  voltage  multiplying  mode;  that 
ftequtjicjr  is  the  3d3.  point  .of  tbe  bandwidth^of  tlw  internal 
lefertqce.^mpUSer'.    ;  ..,  ;.  ,  ).,,.,  ,  ,   „  , ,.  ,  , 

The  combined  effects  of  variations  in  Vm  and  changes  in  digital 
input  values  are  shown  in  Figure  3,  lotrr  vs.  Multiplying  Voltage. 
In  this  illustration,  the  ordinate  of  the  gra|^^g^|p^n;ssed  in 
terms  of  milliamps  of  Iqut  current  at  pin  13.  Vodt>  of,  course, 
will  be  a  function  of  the  value  of  Rl  chosen  by  the  user. 


Bgum3.  IgurSfs.  Multiplying  VipJta^, 

The  negative  -value  of  Vm  on  the  horizontal  axis  is  sttiSwn  starting 
at  approximately  -O.IV,  rather  thaii  OV,  because  the  AD9768 
must  have  some  small' valtie  of  voltage  applied  to  petforUi  a 
multitdyidg  fiinctioiii  Fdr'^  conditions  shown  in  the  figure, 
output  current  starts  t<ybe^^nBe  nonlinear  at  appnndmatdiy 
20mA  because  of  the  maxmnim  SOniA  output  drive  capabilities 
of  the  (levice.  Different  values  for  Rset  and  Ri.  would  alter  the 
point  where  limiting  first  appears. 

CURRENT  iWULTffLYENG  MODE 

The  AD9768  D/A  converter  can  be  operated  at  markedly  higher 
multiplying  rates  when  operated  in  a  current-multiplying  mode, 
as  conbtoed  with  the  voltage-multiplying  mode.  Refer  to  Figure 
4,  Mulliiriying  AD9768SD  (Current  Mode). 


8,»n«HMiiiirij>i  ^ 


oiQiTju.  Mnns 


'    Figure  4.  Multiplying  AD9768SD  (Current  Mode) 

In  this  mode,  the  internal  reference  ampUfier  and  its  inherent  , 
frequency  limitations  are  replaced  by  a  current  source  compd^^ 
of  Ul  and  associated  circuits.  These  circuits  supply  a  unipolar 
current  Im  which  is  one-fourth  the  full-scale  output  current 
(with  digital  "I"  applied  to  all  inputs)  and  set  current  flow 

dirou^tiieToid.^«i.-  ^ 


V\n  is  some  voltage  chosen  by  the  user  for  his  particular  application; 
the  value  of  this  voltage  is  based  in  part  on  the  size  of  the  load 
resistor  and  the  0mA  to  SmA  range  of  Im.  Vin  can  have  frequency 
components  as  high  as  40MHz.  V^oj  and  Radj  provide  an 
offset  adjustment  to  compensate  for  the  dc  component  of  Vjv  to 
assure  Im  is  always  a  tmipolar  current  between  0mA  and  SmA. 
The  values  of  the  required  voltages  and  resistors  can  be  calculated 
using  the  equations  whSeh  are  part  of  Figure  4. 

Refer  to  Figure  S,  lotit  v^-  Multiplying  Current. 
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'  '      Figure  S.  '  lour  "S-  Multiplying  Current 

As  shown,  Im  can  vary  over  the  range  of  0mA  to  SmA;  a  value 
of  approximately  0.3mA  may  be  the  practical  lower  limit  because 
of  nonlinearities  at  extremely  small  current  levels.  These  changes 
in  Im  are  combined  with  variations  in  digital  inputs,  producing 
complex  changes  in  the  output  current  (at  pin  1 3)  and  in  Vqut- 
The  "rounding"  of  the  current  curve  in  the  graph  is  the  result 
of  lour  approaching  the  30mA  maximum  drive  capabilities  of 
the  AD9768  and  needs  to  be  taken  into  account  to  assure  optimum 
performance  in  the  selected  application. 
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Quad  12-Bit 
D/A  Converter 


AD75004 


FEATURES 

4  Complete  12-Bit  D/A  Funelions 
Double-Buffered  Latches 
Simultaneous  Update  of  AHfDACs  Possible 
±5  V  Output  Range 
High  Stability  Bandgap  Reference 
Monolithic  BiMOS  Construction 
Guaranteed  IVIonotonIc  over  Temperature 
3/4  LSB  Linearity  Guaranteed  over  Temperature 
4  lis  max  Settling  Time  to  0.01% 
Operates  with  ±12  V  Supplies 
Low  Power:  720  mW  max  Including  Reference 
TTL/5  V  CMOS  Compatible  Logic  Inputs 
8-Bit  Microprocessor  Interface 
24-Pin  PDIP  or  28-Lead  PLCC  Package 
I 


PRODUCT  DESCRIPTION 

The  AD75004  contains  four  complete,  voltage  output,  12-bit 
digital-to-analog  converters,  a  high  stability  bandgap  reference, 
and  double-buffered  input  latches  on  a  single  chip.  The  convert- 
ers use  12  precision  high  speed  bipolar  current  steering  switches 
and  laser-trimmed  thin-film  resistor  networks  to  provide  fast 
settting  time  adcl  highjacfniacy.  , 

Microprocessor  compatibiUty  is  achieved  by  tSt6  oa-iAdp 
double-buffered  latches.  The  de^ga  of  Ae  inpat  latdtes  allows  ' 
direct  interface  to  8-bit  buses.  The  12  bits  of  data  from  the  first 
rank  of  latches  can  then  be  transferred  to  the  second  rank, 
avoiding  generation  of  spurious  aiialog  output  valu^.  The  latch 
responds  to  strobe  puljtes  as  ste^  as  SO  iS,  dlov^  use  with 
&st  mictoprocessors.  |  ^~ 

The  fii^tienai  CMq^fenesa  md  hi;^  peffotmance  of  thg  - 

AD75004  results  from  a  combination  of  advanced  switdi  IdesigB, 
the  BiMOS  II  fabrication  process,  and  proven  laser  trimminfl 
technology.  BiMOSII  is  an  epitaxial  BiCMOS  process  optimized 
for  analog  and  converter  functions.  The  AD75004  is  trimmed  at 
the  wafer  level  and  is  specified  to  ±  1/2  LSB  maximum  linearity 
error  at  25°C  and  ±3/4  LSB  over  the  full  operating  temperature 
range.  The  on-chip  output  amplifiers  provide  an  output  range  of 
±S  V,  widi  11^  eqpal  Ml  2,44  mV. 
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The  baadgap  reference  on  the  chip  has  tow.noise,  long  term  sta- 
bility and  temperatuie  drift  characteristiis  .compuabte  m 
Crete  reference  diodes.  The  absolute  value  of  &  te&teDC^'is 
laser  trimmed  to  -l-S.OO  V  with  0.6%  maximum  error.  Its  t^- 
perature  coefficient  is  also  laser  trimmed. 

Typical  full-scale  gain  TC  is  15  ppm/°C.  With  guaranteed niKHio- 
toojcity  over  the  fiill  temperature  range,  the  AD730Q4.is.  wi^ 
aiited  fi»r  wMe  tempetaijtttytaage  poformance. 
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DIGITAL  INPUTS  (D0-D7,  A0-A3,  CS,  WR) 

Logic  Levels  (TTL  Compatible)  -  

Input  Voltage,  Logic  "1" 
i^^!»^Valt8ge,£^c  "0" 

.Input  C-UETEDt,              5  J  V  .-   

Input  cisisKjyiL  ?  0,8  y  J  .  • 

Input  Capacitance 

lie. 

ViH 

T 

2.0  5.5 
0  0.8 

in 

V  ] 

V 

w  

In. 

  —  -  m 

10 

en..:  10  .  ■  ,C 

ACCURACY  ^' 
Resolution 

Int^ial  Linearity  Error 

integral  Linearity  Error,  T„i„  to  T„„ 
Differential  Linearity  Error 

Differential  Linearity  Error,  T„^  to  T,^ 
GsSa  (Full-Scale)  Error' 

Gain  Error  Drift,        to  T^' 
Bipolar  Zero  Error' 

Biiiolar  Zero  Error  Drift,  T^  to  T^' 

y>-.':8.>,.  ,    >-''  -.12 

±V4  ±1/2 
±B2  •  ±3/4 
±1/2  ±3/4 
GuaHUiteed  Monotonic 

>,  :   •■•■u. .     '±,2  -  ±10 
±1S   '  ^30 
±1  ±2 
±^3  ±7 

Bits-  -''"'  ■•  "■ 

LSB*'  • 
•  LSB 

LSB 

ppm/^ 

LSB 

ppm/°C 

CHANNEL-TO-CHANNEL  MISMATCH 
Integral  Linearity  Error 
Gmn  Error' 
Bipolar  Zero  Error' 

±1/2  ±1 
■i-f  ±4 
±1  ±2 

LSB 
LSB 
LSB 

DYhfAMIC  PERFORMANCE 
Settling  Time  to  ±0.01%  of  FSR 

for  FSR  Change,  2  kO  |  500  pF  Load 
Slew  Rate,  2  kSl  ||  500  pF  Load 
Digital  Input  Crosstalk  (Static)^ 

2  4 

5 

fJLS                ■      .  i  - 

V/M.S- 

ANALOG  OUTPUTS  J, 
rull-icale  Kange  (xfSSKj. 
Output  Current 
Short  Circuit  Limit  Current 

VouT 

Iqut 

±5 

±5 

40 

il  IHlii»!Hlji  St   ^ 

■  "    'Vr'  ' 

':.  y  -  •  .  > 

mA 
mA 

VOLTAGE  REFERENCE 
Reference  Output  Voltage 
Temperature  Coefficient 
Reference  Output  Current^ 
Reference  Input  Voltage 
Rlrference  Input  Current  @  5.0  V 

Vrefout 

Vrefin 
Irefoi 

4.97  ":  s:lk  5.03 

±15  ±25 
3.0  5.0 
4.5        5.0  5.5 
3.0 

V  .      ,  >,  - 
ppni/°C  ,,. 
mA 

y 

mA 

AGain/AVoD^  ^r>D  =  +10.8  to  +13.2  V  dc^ 
AGain/AVss,  Vgs  =  -10.8  to  -13.2  V  dc' 

±15  ±25 
±15  ±25 

ppmof  FSR/% 
ppm 

Voltage  Range 

Supply  Currents 

Idd>  Iss 

±10.8    ±12  ±13.2 
±25  ±30 

V 

mA  i 

IJbMl  tKA  1  UKe.  KAMuc 
specification 
Storage 

T  .  T 

*  nun'  *  max 

0  -1-70 
-65  -1-150 

°C 
'C 

NOTES 

'Gain  and  bipolar  zero  errors  are  measured  using  in^ofiil  voltage  reference  and  include  its  errors. 

^Digital  crosstalk  is  defined  as  the  change  in  any  one  output's  steady  state  \  alue  as  a  result  of  any  other  output  being  driven  from  Vqutmin  to  Voutmax  i^^w  a 
2  kn  II  SOO  pF  load  by  means  of  varying  the  digitai  mput  code. 

'The  internal  voltage  reference  is  intended  to  drive  on-chip  only;  buffer  it  if  using  it  otemally. 

*A11  minimum  and  maximum  specifications  are  guaranteed,  and  specifications  shown  in  boldface  ait  tested  on  all  production  units  at  iBnal  electrical  test.  R«ute 
from  those  tests  are  used  to  calculate  outgomg  qtiality  levete. 
Sped&ations  subject  to  chan^  without  notice. 
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AD75004 


IliAIMG  CHARACTERISTIC^'  (T,  =  +25°C,  ±12.0  V  povror  supplies  unless  otiieiwise  noteil) 


Parameter 

Symbol 

Min 

Units 

Address  Setup  Time 

ti 

30 

ns 

Address  Hold  Time 

10 

ns 

Data  Setup  Time 

10 

ns 

Data  Hold  Time 

U 

45 

ns 

Chip  Select  to  Write  Setup  Time 

ts 

0 

ns 

Write  to  Chip  Select  Hold  Time 

0 

ns 

Write  Pulse  Width 

h 

50 

ns 

/UNNIESSMPUn  ' 


DATA  INPUTS 
(D0-O7) 


WRITE  . 


7777777 


NOTES 


elCTelisl.SV. 


ABSOLUTE  MA3Qii^  BATING^  <i^A  =  raHas  otbecwise  noted) 


Min 

Max 

Units 

Conditions 

VddWDGND                  ,  . 

-0.3 

+  18 

V 

VsstoDGND             .  .  . 

-18 

+0.3 

V 

Vdd  to  Vss 

-0.3 

+26.4 

V 

Vrefin  to  AGND 

-0.3 

Vdd 

V 

Digital  Inputs  to  DGND 

-0.3 

Vdd 

V 

AGND  to  DGND 

-0.3 

+  0.3 

V 

Short  to  AGND  on  Analog  Outputs 

Indefmite 

sec 

Power  Dissipation 

1.0 

W 

Ta  s  75°C 

Specification  Temperature  Range 

0 

+70 

°C 

Storage  Temperature 

Lead  Temperature            ,  '..  '^i' 

-65 

+  150 

°C 

+300 

X 

Soldering,  10  seconds 

*StK8ses  above  those  listed  under  "Abscdute  Maxunum 
are  stress  ratmgs  only  and  functumal  operati<ni  of  die 
in  the  operatumal  sections  d  ttus  ^wdfication  is  not  h 
enended  periods  may  a&ct  device  rdi^nliqr. 


msy  cause  pemianait  damage  to  the  cjkwjGevj''|liipe 
W  these  or  any  Mher  conditions  above  diose  indicated 
'Qqiosiire  to  absohite  manrnnm  rating  ooodiGuns  faai 


TRUTH  TABLE 


Control  and  Address  Lines 

■  '■■Aim'  WR 

A3  A2  At  AO 

Opeiation  ■ 

1  X 

X  XXX 

No  opention 

X  1 

X     X     X  X 

No  opentum 

0  0 

0      0     Al*  AO* 

8  LSBs  ->  one  input  latdi 

0  0 

0      1      Al*  AO* 

4  MSBs     one  input  latdi 

0  0 

1      0     Al*  AO* 

Update  one  DAC  latch 

11     X  X 

Update  aU  4  DAC  Utches 

NOTE 

The  Al  and  AO  inputs  specify  die  relevant  cfaannel. 
Al    AO  Channel 


0 

0 

0 

0 

1 

1 

1 

0 

2 

1 

1 

3 

fieldt.  Vmmd  devices  mnst  be 
be  diiftiiinBd  to  die  dpumiiioD 


 IMe  ^f0al  eoaael  is^aa  «■»  Zener  protected; 

on  ttOcaiiiieBled  devices  sul^ect  to  b^  taergg  eiectro- 
'  in  coodlictive  foam  or  abuml.  The  protective  foam 
befoie  devices  aie  ranoved* 


aREVBA 
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AD75004 


PIN 


 PIN  CONFIGURATIONS 

24-Piii  Plastic  DIP 


PLcc  mt 


Pin 

Pin 

Name 

Description 

1 

1 

D7 

Data  Input  Bit  7 

2 

2 

D6 

Data  Input  Bit  6 

3 

3 

'IK' 

Data  Iiq>ut  Bit  5 

5 

4 

D4 

Data  Input  Bit  4 

6 

5 

D3 

Data  Input  Bit  3  or  1 1  (MSB) 

7 

6 

D2 

Data  Input  Bit  2  or  10 

9 

7 

Dl 

Data  Input  Bit  1  or  9 

10 

8 

DO 

Data  Input  Bit  0  (LSB)  or  8 

u 

9 

ffl^tp  Sdect  Input;  Active  Ijtiw 

13 

10 

Write  Input;  Active  Low 

14 

11 

A3 

Address  Input  Bit  3  (MSB) 

15 

12 

A2 

Address  Input  Bit  2 

16 

13 

Al 

Address  Input  Bit  1 

Ij 

14 

AO 

Address  Input  Bit  0  (USE^ 

18 

15 

DGND 

19 

16 

AGND 

Analog  Oround              ^  n  >  t  J 

20 

17 

- 12  V  Power  Supply 

21 

W 

H-S  V  Kefoence  Output 

22 

19 

VrbfIX 

Reference  Input 

23 

20 

VouTO 

Analog  Output  0 

24 

21 

VoUTl 

Analog  Output  1 

26 

22 

VoUT2 

Analog  Output  2 

27 

23 

VouT3 

Analog  Outpur  3 

28 

24 

+  12  V  Power  Supply 

4 

mm- 

No  Internal  Connection 

8 

m 

No  Internal  Connection 

12 

NC 

No  Internal  Connection 

25 

NC 

No  Internal  Connection 

BINARY  CODE  TABLE     ^    ^  .  r 

Twos  Complement 

Analog  Output^  )>i;i>i  n  .it". 

Value  in  DAC  Latch 

Voltage 

0111 

nil  nil 

C2047/2048)  *  Vrbfin' 

0000 

0000  0001 

(1/2048)  *  Vrefin 

0000 

0000  0000 

0  v 

lUl 

nil  1111- 

(1/2048)  *  V,^ 

1000 

9000 

— VnEFDa  '.'.v...... 

1—1  

DrjT  • 

D6  [T 

D5  [T  VouT2 

o*\T  2i]vouTi 
I»|T  mJvouto 
D2[7  AD75004KN  ^v„ef,„ 

_       TOP  VIEW   1 

(Not  to  Seal*) 

DO  [7  j^V, 

"Qir 


n]^- — 


28-Pin  PLCC 

=    i  i 

O      Mi     g     g     ^    ^  ^ 


AD75004KP 

TOPVEW 

(IM.toSMM.. 


NC 

M]voun 

B]VooTO 

"[Vrefou- 

m]Vs8 

iSIaqnd 


l«||«jl»JL!!JNl:ill2£j 

S  11  3  a  :  s  I 

>  (ntDERING  GUIDE 


Model 

Temperature  Range 

Package  Optkm* 

AD75004KN 

CO  to  +70°C 

N-24A 

AI)75004KP 

CC  to  +70X 

*N  =  Flanic  DIP;  F  =  Plastic  Leaded  Oiip  Ceiier.  For  outline 
_sei^-pRdci^  Inf^matioir  sect^fa. 


v^^. ....lii  ui  aotdm  ,-.-:>i.- -   t^.  -  M^Mi-  ;v     .-jc     .   .'ill  lib  ;iiK!asmi  .wtk. 


^775  DIGITAL-TO-ANALOG  CONVERTERS 


REV.  A 


ANALOG 


Monolithic  Octal 
12-Bit  DACPORTs 


AD75069/AD75089/AD75090 


FEATURES 

Bght  OMnptota  Voltage  Output  DACI 
On-Clil0  yoltage  Raferance 
On-GMp  1^  Latchw^Nh  Raadbacfc  Feature 
Variaty  of 'dutput  Vc^ga  Raiigas:  +73  V/-2.5  V, 

*xy.mov_  z 

ConqMUt  44^n  PLCC  and  Ceramic  JLCC  Packages 

APPLICATIONS 
Automatic  Test  Equipment 
Instrumentation 
Avionics 
Robotics 
Process  Control 

,1  WSi^  Id  _.ici  I 


FUNCTIONAL  BLOCK  DIAGRAM 

Vncmir  Vn 


C  1 


PRODUCT  DESCRIPTION 

The  AD7S069/AD7S089/AD7S090  DACPORVljmt^iBVight 
agSeiB  12;^,  vD^tage  output  < 
.  manotii^  jc.  jThc;  thus  of 

voltage  langes:  the'AD756e9  ontpuwS-2.5  "^^^ _ 

AD75089  outputs  ±5  V,  and  the  AD75090  ou^ts  *10  V. 

Each  DAG  offers  flexibility,  accuracy  and  good  dynamic  perfor- 
mance. The  R-2R  structure  is  fabricated  from  thin-film  resistors 
that  are  laser-trimmed  to  achieve  guaranteed  monotonicity  over 
the  full  operating  tempaiipyre  nmge.  DA&ln-DAC  matdiiiig 
performance  is  specified.  '  ' 

The  output  amplifier  combines  the  best  features  of  bipolar  and 
MOS  devices  to  achieve  good  dynamic  performance  and  low  off- 
set. Settling  time  is  under  10  (iS,  and  each  output  can  drive  a 
2  mA,  500  pF  load.  Shon  circuit  protection  allows  indefinite 
shorts  to  Vcc.  Vdd)  Vssj  and  GND. 

Digital  circuitry  is  implemented  in  CMOS  logic.  The  fast,  low 
power,  digital  interface  allows  these  DACPORTs  to  interface 
with  most  microprocessors  through  a  single  12-bit  wide  bus.  A 
readback  feature  allows  the  internal  DAG  registers  to  be  read 
back  through  the  digital  pon,  as  12-bit  words.  When  disabled, 
the  readback  drivers  are  placed  in  a  high  impedance  mode. 

A  RESET  control  pin  is  provided  to  allow  simultaneous  asyn- 
chronous reset  of  all  DAG  data  latches,  causing  the  DAC  out- 
puts to  go  to  the  negative  extreme  of  their  range. 


\     CONTROL  LOOIC  | 


RD  CE  WR  A2  AIMRSr  ' 

The  analog  portion  of  these  DACPORTs  consists  of  e^lli^bAC 
cells,  eight  output  amplifiers,  a  voltage  reference,  a  conttbl 
amplifier  and  switches.  Each  DAC  cell  is  an  inverting  R-2R 
type.  The  output  current  from  each  DAC  is  switched  to  the 
on-chip  application  resistors  and  output  amplifier.  The  chip  may 
be  operated  fiom  the  ^tenial  reference  or  an  external  ie£erence. 

The  higb  performance  and  fiinctismal  conqdeteness  of  these 
DACFORfs  result  fiom  Adt  &brieMfi(U)fl&  Anatoe  Ihmees' 
BiMOS  Q^icK^  ^^0:9^^ii«!»aiWMOi^oms-&m»^ 
bipolar  transistors  f^  p«^  dMc^/CWWtiMstors 
for  dense  logic  and  analog  switdies,  bser-tiii^eil  ^SaSMm 
rnistors  and  double-lev«IiOietal  interconnects.    '  '       H  ', 


DACPQRT  n  a  mdamk  of  Analog  Devko,  Inc. 


Thi^  thfermillfon  eppti&S  td'8<  jirodilS  un(l<H>''ilm^0ment  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  hd'blinsift&n''f^pr(8i%<fatufe  manufacture  unless  otherwise  agreed  to  In  writing. 
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AD75063/AD75089/AD75090-SPECIFICATI0NS 

(Vcc  =  +5  V,  Vjo  =  +12  V,  »ss  =  -12  V.  Vref  =  +5  V,  T,  =  +25°C  unless  otherwise  noted.) 


Parameter 


Min 


Units 


RESOLUTION 


12- 


Bits 


ANALOG  OUTPUT 
Voltage  Range,  Vqvt       ^°  Votrr 
AD75069 
AD75089 
AD75090 

Output  Current  (Each  Channel,  Sotirce  or  Sink) 
Load  Capacitance 

Short  Circuit  Current  (Bach  Channel) 


-2.5/+7.5 

VOllS-,     ,  , . 

±|-^^  "'^ 

VOllS         ,  .. 

VOilS  ^ 

2 

mA 

500 

pF  ,; 

40 

mA 

?          •  .;.ip»».>  hrrs 

-10 

±5 

10 

LSB 

-4 

±1/2 

4 

LSB 

-112 

±1/4 

1/2 

LSB 

-1.5 

±1/2 

+  1.5 

LSB 

-1/2 

±1/4 

1/2 

LSB 

-3/4 

±1/2  ' 

+3/4 

LSB 

-10 

±5  ■ 

10 

ppmof  FSR/°C 

-10 

±5 

10 

ppm  of  FSR/°C 

-25 

±15 

25 

ppm/°C 

ACCURACY 
Gain  Error,  Including  Int< 
Midscale  Error 
Integral  Linearity  Error 
Integral  Linearity  Error,  Tusg  to  Tmax. 
Differential  Linearity  ^tw- '  'j  \ 

Differential  Linearity  K*^,  Tjj^  W  Tj,^ 
Gain  Error  Drift 
Midscale  Drift 

Reference  Temperatiuc  Coefficient 
Noise,  0.1  to  2  MHz  Band 

AD75069,  AD75089  (10  V  Span) 

AD75090  (20  Span) 


REFERENCE  lOTUT 
Input  Resistagiee 
Voltage  Range 


IT*'^  10 


% 


300 


|xV  rms 
)iV  ms' 


Mn 

Volts 


POWER  REQUIREMENTS 

!:voo 

W   -:.  , 

Iss 

Tofid  Power 


4.5 

rn.4 


5.0 

0.1 

±12.0 

15 

-14 

350 


5.5 
1 

±13.2 
20 
-16 
432 


Volts 

mA 

Volts 

mA 

mA 

mW 


ANALOG  GROUND  CURRENT'  PER  EACH  dF  8  fciyANKELS 


-600 


+600 


MATCHING  PERFORMANCE 
Gain^ 
Midscale' 
Linearity* 


-5 
-4 
-1 


±2.5 

±2 

±1/2 


LSB 
LSB 
LSB 


CROSSTALK 
Analog  (DC) 

Digital  (Transient)  ,  i 

Sl«»Rate 

Setdidg  Time  to  ±1/2  LSB 
Votj«fiiDax  to  Vqut  ™™  or  Vqut,  nwi  to  Votn-  "M* 
AD75069,  AD75089  (10  V  Span) 
^75090  (20  V  Span)  ^  <      ;  : 


-90 
-60 


dB 
dB 


2.0 


2.5 


8 
10 


V/ns 


lis 

M.S 


POWER  SUPPLY  OAEN  SENSIMVITY 
11.4  V  s  Vdd  s  13.2  V 
-I3.2VsVssS  -11.4  V 


±6 
±1 


±10 
±2 


ppm/% 
ppm/% 


Tihisin- 
Analog 

»77a 


-RES«;eO 


j5lGITAL  INPUTS 

IiH  @  Vm  =  o  jp . 
In.«Vn,  =  D<»ffir   


Min 

2.0 
0 

-10 
-10 


lyp 


±1 
±1 


0.8 
10 
10 


Volts 
Volts 


DIGITAL  OUTPUTS 


.@Isi 
@  Is 


1.6  mA 
.  =  0.S  oiA 


0.4 


2.4 


Volts 
Volts 


DIGITAL  TIMING' 
Data  Write  Mode  (Figure  I) 
Data  Setup  Time,  t^su 
Address  Setup  Time,  t^su 
Chip  Enable- Write  Time,  tcEw 
Write  Pulse  Width,  T,^, 
Write-Ciiip  Enable  Time,  t^c^ 
Address  Hold  Time,  t^ 
Data  Hold  Time,  Iqh 
Data  Readback  Mode  (Figure  2) 
Address  Setup  Time  ,  t^su 

>.     Chip  Enable-Read  Timev^^ 

^'    Read  Pulse  Width,  tR 

Access  Time  from  Read,  tm. 
Access  Time  firom  Chip  Enable,  Iced 
Access  Time  fcom  Aidless  Change,  t, 
ISm  BcB  Rdeasel  Tiii^  Ikel 
Bead-Oi^  EwUe  liak.^KJtJ  % 
Address  How  TittMiiW  '^r 
AsyndmnKins  ReK| 
Reset  Pu^.^^^  %st 


30 
30 
10 
SO 

0 

20 
50 

30 

0 
70 


0 
20 

80 


ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

75 

ns 

85 

ns 

120 

ns 

30 

ns 

ns 

ns 

ns 

+85 

°C 

+70 

°C 

TEMPERATURE  RANGE  (Juw,  Tmax) 
A  Versions  - 
J  Versions  -^vxi^ic.-  fjw.- 


-40 
0 


NOTES  : 
^Analog  ground  current  is  input  code  dependent.  •  , 

^Gain  matching  error  is  the  largest  difference  in  gain  error  between  any  two  DACs  in  one  package. 
^Midscale  matching  error  is  the  largest  difference  in  midscalc  values  between  any  two  DAGb  in  one  jplkdcage.  .  * 
^linearity  matching  error  is  the  difference  in  the  worst  case  integral  linearity  error  bem^JIfl^  two  tM^Cs  in  'qy^iitrfciigr. 
^Reference  level  for  timing  measurements  =  1.5  V.     -  ,  : 
See  defmitions  of  specifications  later  on  in  this  da^  ^ 
Specifications  subject  to  change  without  notice. 

Speciffcstiom  inboMfiCTiigiie^lrfMj  JiprojWftiji^Ate  aie'nicS  to  calculate  outgcang  quality  lerels.  AD  min 

and  max  ^[wcificatwm  an  gnai  iiiMwqj  jatewt^PttBiyiie  shown  in  boldface  are  tested  on  all  poduction  un^. 

TIMING  DIAGRAMS 


DATA  INPUTS 
(DMMI) 


INPUTS 
(A0-A2) 


CMP  ENABLE 

(CE) 


HE 


'dsu-» 

HE 


Vsu-» 


•woe- 


ymm- 


1^ 


ADDRESS 
INPtfTS 

CHIP  . 
ENABLE 

(CE) 

READ 
(RD) 


DATA 

OUTPUTS 
(DO-DII) 


////: 

;  :://///// 

'asu 

tRCE^ 

•ah 

*- 

'CER 

—  - 

»CE 

•rel*~ 

D 

77777771^  ^777777 


Figure  1.  Write  Timing  Diagram 


Figure  2.  Fieadbacl<  Timing  Diagram 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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DIGITAL-TO-ANALOG  CONVERTERS  2-779 


VddIoAUND   0Vto+18V 

VsstoAGND  -18  VtoOV 

AGND  to  DGND  -1  V  to  +1  V 

AGND  to  VREFGND  ±13.2  V 

AGND  to  VRETO-7  ±13.2  V 

Vrefin  Input   to  Vgs 

VddIoVss   0Vto+26.4V 

IXgital  Inpms   -0.3  V  to  +7  V 

Analog  Outputs 

 Indefinite  Shorts  to  VccjVddjVjsj  and  AGND 

Soldering  Tempenpiie  +300°C,  10  sec 

Fbwer  Dissipation  |   1000  mW 


CBH  tgttPEaBacmDB  is  noi  mipFfff"  £jcp06urc  to 
absolute  maxinmm  rating  con^Htinns  fitf  caandrd  pecidds  may  afifeccdmce 

reliability. 

ORDERING  GUIDE 


(Julpul 
Voltage 
Range 

Model 

Temperature 
Range 

Package 
Option* 

AD75069JP 

-2.5  V/+7  J  V 

o°c  to  +70x; 

P-44A 

AD750e9AJ 

-2.5  V/+7.5  V 

-40°C  to  +85°C 

J-44A 

AD75089JP 

±  5  V 

(TCto  +70°C 

P-44A 

AD7S089AJ 

±  5  V 

-40^  to  +85'C 

J-44A 

AD75090JP 

±10  V 

0°Ctt)  +70°C 

P-44A 

AD75090AJ 

±10  V 

-40°C  to  +85°C 

J-44A 

CAUTION  . 


BSD  (electrostatic  disdiarge)  sensitive  device.  The  digital  control  inputs  are  diode  protected;  p 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energj^^^ro- 
static  fields.  Unused  devices  must  be  stored  in  conductive  foam  cr  shunts.  The  protective  toifn 
should  be  discharged  to  the  destination  socket  before  devices  are  removed. 


■]  =  J-Laded  Cenmic  Ch^  Qffrier;  P  =  Plastic  Leaded  Chip  Carrier 
(PLOC)  package.  Fte  ODdme  inforaiation  see  Package  Informauon  secuon. 

r 


S\^  '^s\0*^  ^  1 1 

4.7iifJ^   0.1  I 

I — VWi  iijv    JLv„  ceramic 


CONTROL  BUS 


ADDRESii 

BUS  RESET 


Figure  3.  Recommended  Circuit  Schematic 

This  information  applies  to  a!product.under  dj)ve{apffi^hltSJSh«raetecistic^.aR<il  S{)B^c«i|i  to  chatige  w|l;hput,  notice. 

Analog  Devices  assumes.no  obUgation.!«^Fdil^MH|)eililH|uf8(3MI»Jumlees«l^^  .  -<  ,.  .-r. 


AD7iO09/AD75O89/AD75Q9O 


PIN  DESCRIPTIONS 


^0UT2 

E 

^OUTI 

[I 

VreT, 

Vreto 

^OUTO 

Oi 

Vss 

Vdd 

DGND 

Vcc 

01 

lOGND 

QI 

'  D11 

a:  o  ccQccco  occcoo 
  "'^  :   


AD75069  /AD75089/  AD75090 

TOP  VIEW 
(Not  to  Scale) 
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DEFINITIONS  OF  SPECIFICAi 

INTEGRAL  LINEARITY  ERROIfefnteg 
the  maximum  deviation  of  the  actual^AC  ( 
ideal  analog  output  (a  straight  line  drawn  from^ 
+fuU  scale)  for  any  digital  input  code. 

;J^ONOTONICITY:  A  DAC  is  said  to  be  monotonic  if  the  out- 
put either  increases  or  remains  constant  for  increasing  digital 
inputs  such  that  the  output  will  always  be  a  nondecreasing  func- 
tion of  input.  All  versions  of  the  AD75069/AD75089/AD75090 
are  monotonic  over  their  full  operating  temperature  range. 

DIFFERENTIAL  LINEARITY  ERROR:  Monotonic  behavior 
requires  that  the  differential  linearity  error  be  less  than  1  LSB 
over  the  temperature  range  of  interest.  Differential  nonlinearity 
is  the  measure  of  the  variation  in  analog  value,  normalized  to 
full  scale,  associated  with  a  1  LSB  change  in  digital  input  code. 
For  example,  for  a  10  V  output  span,  a  change  of  1  LSB  in  digi- 
tal input  code  should  result  in  a  2.44  mV  change  in  the  analog 
outgittja,Lp  =  10  V/4096  =  2.44  mV).  If  in  actual  use,  how- 
ewir,  a  T  LSfi  ^''S^  ^  ^  input  code  results  in  a  ch^ige  of 
culsr  041  tnvW4°  Oifi)  m  mHog  output,  the  diiffer^dal  non- 
Btoeaiity  error  would  be -1.83  mV,  or -3/4  LSB. 

GAIN  ERROR:  DAC  gain  error  is  a  measure  of  the  difference 
between  the  output  span  of  an  ideal  DAC  and  an  actual  device. 

MIDSCALE  ERROR:  Midscale  error  is  the  difference  between 
the  ideal  midscale^qijljiut  md  the  actu^  o^tM  of  a  DAC  when 
the  input  code  is'  |iE«&|rf>«|i!^  JiSfi  ='*T?*'^&e.iest  of 
the  bits  =  "0." 

SETTLING  TIME:  Settling  time  is  the  time  required  for  the 
OK(CUt:^.^^£^^[4[!0^3MIi  within  a.fpe$^^'g^^^^4.^W 
he  i^mt 


Pin 

Name 

1 

Vrefin 

Reference  Input 

2 

REFOUT 

5  V  Reference  Output 

3 

*  REPGMO 

Rrference  Ground 

4 

pUT3 

Ait^og  Output  3 

5 

'RETS 

Akalog  Return  3 

6 

BET2 

Analog  Return  2 

7 

*OUT2  I 

■Analos  Outmit  2 

g 

^OUTl 

^unalog  Output  I 

9 

.Vreti 

Analog  Return  1  \ 

V 

'  RfiTO 

Analog  Return  0 

11 

VoUTO 

Analog  Output  0 

12 

» ss 

— 12  V  Analog  Power  Supply 

13 

'  DD 

-1-12  V  Analog  Power  Supply  , 

14 

DGND 

Digital  Ground 

15 

V,,- 

-1-5  V  Digital  Power  Supply 

16 

lOGND 

Bus  Interface  Ground 

if 

Dll 

Data  Input  Bit  11  (MSB) 

18 

DIO 

Data  Input  Bit  10 

19 

159 

Data  Input  Bit  9 

20 

D8 

Data  Input  Bit  8 

21 

D7 

T5nta  Tnnnr  RiT  7  ' 

22 

D6 

FlnTfl  Tnnnt  Rit  f\                        '  0' 

23 

D5 

Data  Input  Bit  5 

24 

D4 

Data  Input  Bit  4 

25 

D3 

Data  Input  Bit  3 

26 

D2 

Data  Input  Bit  2           ■    .  5^ 

27 

Dl 

Data  Input  Bit  1 

28 

DO 

Data  Input  Bit  0  (LSB) 

29 

RST 

Reset  Inputj  Active  Hig^ 

30 

WR 

Write  Input;  Active  Lo^ 

31 

RD 

Read  Input;  Active  Low 

32 

Chip  Enable  Input;  Activ^  LoW 

33 

AO 

'Address  Input  Bit  0  (LSB) 

34 

Al 

Address  Input  Bit  1  ' 

35 

A2 

Address  Input  Bit  2  (MSB) 

36 

AGND 

Analog  Ground 

37' 

■  VouTT- 

'  Analog  Output  7 

38 

-  V11ET7' 

Analog  Return  7 

39 

VreT6 

Analog  Return  6 

40 

V0UT6 

Analog  Output  6 

41 

VoUTS 

Analog  Output  5 

42 

VreT5 

Analog  Return  5 

43 

VreT4 

Analog  Return  4                     ^ , 

44 

Voirr4 

Aiyilog  Output  4 

CROSSTALK:  Crosstalk  is  the  change  in  an  output  caused  by  a 
change  in  one  or  more  of  the  other  inputs  or  outputs.  It  is  due 
to  capacitive  and  thermal  coupling  between  channels. 


FULI,-S!( 


..E  RA1>IGE;  FSR  is  20  V  for  ±  10  V  range  and 
ranges. 


TRANSISTOR  COUNT 

The  AD75069/AD75089/AD75090  contains  5,225  transistors. 


This  intefmatton  il^ipta  twa  praduet  under  development.  Its  characteristics  and  specifications  are  subjecrt  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  legaiidmg  future  manufacture  unless  othewise  agreed:  to  in  writing. 
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AD75069/AD75089/AD7509Q 


BINARY  CODE  TABLE 


Offset  Binary 
Value  in  DAC  Latch 

Analog  Output 
Voltage 

MSB  LSB 

nil  nil  1111 
1000  0000 oflCi  f,j. 

0000  0000  0000  r 

VouT  max 

Midscale  =  (Vqut  max 
..+  1  LSB  -  VotjT  mi!»y2 

a.  .1 
f 


ANALOG  CIRCUIT  CONSIDEKiiliONS 

Grounding  Recommendations 

The  AD75069/AD75089/AD75090  have  twelve  pins  for  analog 
and  digital  grounds,  designated  AGND,  Vreto~^ret7j 
Vrefgnd>  IOGND,  and  DGND.  The  AGND  pin  is  the  ground 
reference  point  for  the  device.  Vrepq^d  is  the  ground  reference 
point  for  the  on-chip  voltage  reference.  VnBro  through  Vret7 
are  the  8  ground  return  pins  for  the  8  DACs  and  their  output 
amplifiers.  The  10  analog  ground  pins  should  be  connected  radi- 
ally to  the  analog  ground  point  in  the  system.  The  external  ref- 
erence and  any  external  loads  should  also  be  returned  to  the 
analog  groimd  point.  To  minimize  crosstalk,  all  paths  to  the  sin- 
gle analog  ground  point  must  be  short  and  direct. 

The  IOGND  and  DGND  pins  should  be  coimected  to  the  digi- 
tal ground  point  in  the  circuit.  These  pins  return  current  from 
the  bus  interface  and  logic  portions,  respectively,  of  the 
AD75069/AD75089/AD75090  circuitry  to  ground. 

Analog  and  digital  grounds  should  be  connected  at  one  point  in 
the  system.  If  there  is  a  possibility  that  this  connection  may  be 
broken  or  otherwise  disconnected,  then  two  diodes  should  be 
connected  in  inverse  parallel  between  the  analog  and  digital 
ground  pins  of  the  AD75069/AD75089/AD75090  to  limit  the 
maximum  groimd  voltage  difference. 

Power  Supplies  and  Decoupling 

The  AD75069/AD75089/AD75090  require  three  power  supplies 
for  proper  operation.  V^c  powers  the  logic  portions  of  the  _ 
device  and  requires  ^5  volts.  V^d  and  Vgs  power 
ing  portions  of  the  circuitry  and  require  ±  12  V. 

Decoupling  capacitors  should  be  used  on  all  power  supply  pins. 
Good  engineering  practice  dictates  that  the  bypass  capacitors  be 
located  as  near  as  possible  to  the  package  pins.  Recommended 
values  are  4.7  ^^F  tantalum  and  O.I  )iF  ceramic  from  Vdo  and 
Vgs  to  anateygRHlit,  and  0.1  tiF  &am  Voc  to  digital  ground. 

Vah^  Kefeccnce 

The  AD7S069/AD7S089/AD7S090  are  designed  to  operate  &om 
a  rdTereoce  voltage  of  S  V.  The  internal  reference  can  serve  the 
entire  diip.  If  superior  tolerance,  PSRR,  or  temperature  perfor- 
mance are  needed,  external  devices,  such  as  the  ADS86,  may 
be  used. 

Output  Considerations 

Each  DAC  output  can  source  or  sink  ±2  mA  of  current  to  an 
external  load.  Short-circuit  protect^  limib  load  ct^rtent  to  a 
maximum  load  current  ot  w  HA.  Load  capacrikiice  dT  up  to 

500  pF  can  be  accommodated  vrith  no  effect  on  stability. 

AD75069/AD75089/AD75090  output  voltage  settling  time  is 
10  \xa  maximum.  Figure  4  shows  the  output  voltage  settling 
time  of  the  AD7S069  irith  a  fixed  3  V  reference  and  all  bits 
switched  {com  1  tc«  0  ami  0mi  0  ta  I. 


15.0 
10.0 


-10JI 
-15.0 


NEGATIVE  GOING 


poanwEOOMG 


0     1.0  !.0.   3.0   4.0   5.0   >.0    7.0   8.0  9.0 

Figure  4.  Set^itig  '^riirfB;  FullScale  Output  Change 
Crosstalk 

Crosstalk  is  a  spurious  signal  on  one  DAC  output  caused  by  a 
change  in  one  or  more  of  the  other  DACs.  Crosstalk  can  be 
induced  by  capacitive,  thermal,  or  load-current  induced  feed- 
through.  Figure  5  shows  typical  crosstalk.  The  upper  trace  of 
the  top  photo  shows  DAC  6  switching  from  -2.5  V  to  +7.5  V 
and  back  to  —2.5  V.  The  lower  trace  shows  brief  spikes  in  the 
output  of  DAC  7  caused  by  capacitive  feedthrough  from  the 
input  data.  The  longer  disturbances  are  caused  by  analog  feed- 
through  from  DAC  6's  output.  The  loads  of  both  DACs  are 
5  kfl  in  parallel  iCTth  500  pF.  The  lower  photo  shows  the  detail 
of  the  fallfe^Bi^'of  DAC  6  (large  trace)  and  the  effect  on 
DAC  7  (middle  trace)  under  the  same  conditions. 


Figure  5.  Output  Crosstalk 
DIGITAL  INTERFACING 

To  write  to  the  chip,  apply  the  desired  address,  and  then  take 
Chip  Enable  (CE)  and  Write  (WR)  low.  Typically,  CE  is  tied  to 
the  system  address  decoder,  and  WR  coimects  to  the  system 
write  strobe. 

If  the  data  is  changed  while  CE  and  WR  are  low,  the  DAC  reg- 
ister is  transparent,  and  it  will  follow  the  input  iptt. 
Readback 

To  read  data  back  from  the  chip,  apply  the  desired  address,  and 
then  take  Chip  Enable  (CE)  and  Read  (RD)  low.  Typically,  CE 
is  tied  to  the  system  address  decoder,  and  RD  connects  to  the 
syston  read  strobe. 

the  addms  is  changed  and  RD  are  low,  the  data 

outiiut  wM  'follow  the  selected  address  after  a  delay  of  t^. 

Data  Reset 

To  reset  all  data  latches  asynchronously,  take  Reset  (RST)  high. 
This  clears  all  data  latches  and  causes  the  DAC  outputs  to  go  to 
the  negative  end  of  their  output  range,  i.e.,  -2.5  V  for  the 
AD7S069,  -S  Vfortbe  AD7S089,  and  -10 VierdK  A|^090. 
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Complete  Low  Cost  12-Bit 
D/A  Converters 


AD  DAC80/AD  DAC85/AD  DAC87 


FEATURES 

Single  Chip  Construction 
On-Board  Output  Amplifier 
Low  Power  Dissipation:  300mW 
Monotonicity  Guaranteed  over  Temperature 
Guaranteed  for  Operation  with  ±12V  Supplies 
Improved  Replacement  for  Standard  DAC80,  DAC800 
HI-5680 

High  Stability,  High  Current  Output 

Buried  Zener  Reference 
Laser  Trimmed  to  High  Accuracy: 

±1/2LSB  max  Nonlinearity 
Low  Cost  Plastic  Packaging 


FUNCTIONAL  BLOCK  DIAGRAMS 


PRODUCT  DESCRIPTION 

The  AD  DAC80  Series  is  a  family  of  low  cost  12-bit  digital-to-ana- 
log converters  with  both  a  high  stability  voltage  reference  and 
output  amplifier  combined  on  a  single  monohthic  chip.  The  AD 
DAC80  Series  is  recommended  for  all  low  cost  12-bit  D/A  convener 
applications  where  reliability  and  cost  are  of  paramount 
importance. 

Advanced  circuit  design  and  precision  processing  techniques 
result  in  significant  performance  advantages  over  conventional 
DAC80  devices.  Innovative  circuit  design  reduces  the  total 
power  consumption  to  300mW  which  not  only  irafnoves  reliabiHty 
but  also  improves  long  term  stability. 

The  AD  DAC80  incorporates  a  fully  differential,  non-saturating 
precision  current  switching  cell  structure  which  provides  greaUy 
increased  immunity  to  supply  voltage  variation.  This  same  struc- 
ture also  reduces  nonlinearities  due  to  thermal  transients  as  the 
various  bits  are  switched;  nearly  all  critical  components  operate 
at  constant  power  dissipation.  High  stability,  SiCr  thin  film 
resistors  are  trimmed  with  a  fine  resolution  laser,  resulting  in 
lower  differential  nonlinearity  errors.  A  low  noise,  high  stability, 
subsur&ce  Zener  diode  is  used  to  produce  a  reference  voltage 
with  excellent  long  term  stability,  high  external  current  capability 
and  tempraature  di^idiim£iili^i«J«!Ududud]raig&.tb&  . 
discrete  Zener  references. 

The  AD  DAC80  Series  is  available  in  three  performance  grades 
and  two  package  types.  The  AD  DAC80  is  specified  for  use 
over  the  0  to  -I-  70°C  temperature  range  and  is  available  in 
both  plastic  and  ceramic  DIP  packages.  The  AD  DAC85  and 
AD  DAC87  are  available  in  hermetically  sealed  ceramic  packages 
and  are  specified  for  the  -  25°C  to  +  85°C  and  -  55°C  to  +  125°C 
tempecanue  ranges. 


PRODUCT  HIGHLIGHTS 

1 .  The  AD  DAC80  series  of  D/A  converters  directly  replaces  all 
other  devices  of  this  type  with  significant  increases  in  ' 
performance. 

2.  Single  chip  construction  and  low  power  consumption  provides 
the  optimum  choice  for  applications  where  low  cost  and  high 

.     leliaUliiy  aie.majoi  CQtisideiatioDS.'        .  .       -  '  . 

3.  The  high  speed  output  amplifier  has  been  designed  to  settle 
within  1/2LSB  for  a  lOV  fuU  scale  transition  in  2.0|i.s,  when 
properly  co^ipensated. 

4.  The  precision  buried  Zener  reference  can  supply  up  to  2.3mA 
for  use  elsewhere  in  the  application. 

5.  The  low  TO  binary  ladder  guarantees  that  all  units  are 
monotonic  ovef 'die  sg^^ed  temperature  range. 

6.  System  performance  upgrading  is  possible  without  rede^ti. 
PRODUCT  OFFERING 

Analog  Devices  has  developed  a  number  of  technologies  to 
support  products  within  the  data  acquisition  market.  In  serving 
the  market  new  products  are  implemented  with  the  technology 
best  suited  to  the  application.  The  DAC80  series  of  products 
was  first  implemented  in  hybrid  form  and  now  it  is  available  in 
a  single  monolithic  chip.  We  will  provide  both  the  hybrid  and 
monolithic  versions  of  the  family  so  that  in  existing  designs 
changes  to  documentation  or  product  qualification  will  not  have 
to  be  done.  Specifications  and  ordering  information  for  both 
versions  are  delineated  in  this  data  sheet. 
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TECHNOLOGY 


DIGITAL  INPUT 


Vm(L(«ic"l") 

V|,  (Logic"0"l 


1il(V„ 


TRANSFER  CHARACTERISTICS 
ACCURACY 
LiaarityEmrS  +2S^ 
CBI 
CCD 

T»lS  T^loT,™ 
DIflemitMUiKaritFEnw©  -f  25"C 
CBI 
CCD 

Temperature  Raofc  &r  Giurantted 

Monoionicity 
DRIFT  (TmintoT,^) 
Total  Bipolar  Drift,  max (indudei  gain, 
offset ,  and  liiieatiQrddftt} 

Total  Error  (Tata  wTaaJ^ 

Unipolar 
Bipolar 
Gain 

Including  Internal  Reference 
Excluding  Internal  Reference 

Unipolar  Offset 

Bipolar  Offset 


CONVERSION  SPEED 
Voltage  Model  (V)' 
SeiilingTimeto  iO.OmofFSRfor 
FSR  change  (2kn||S0OpF  load) 
with  lOknFeedback 
withSknPeoltMdt 
PocLSBChniae 


ANALOGOUTPUT 
Vtdi^ModeU 
Ranges- CBI 

-CCD 
OuipuiOirrenc 
'piitimlBQiednce{dc) . 


Ouipat  inpedaace 
Max  Ezteraal  Current* 
Tcnqico  of  Drift 


POWER  SUPPLY  SENSITIVITY 
sMV  ±imi  SVnippfy  Wnapi^ 
±t2V±5% 


POWER  SUPPLY  REQUIREMENTS 


AoalogSumiiiea 
Logic  SuppUea 
Supply  Drain 
+ 12.  +  ISV 
- 12,  -  15V 


TEMPERATURE  RANGE 

Operating 
Storage 


^0.06 


±3M 
±•.15 


2:0.15 
±0.10 


=  2.5.2:5,±10, 


0.09. 
4-6.3 


±r.iii<' 


'+70 
+» 
+  133 


£1/2 

±1/2 
±3/4 


±0.1 
±0.0S 


±20 

£10 


£2.5,=5,2:10, 

+  5, +  10 


+2.5 

±20 


±o:i»2 
±n«> 


±lu' 


±1M. 


+  85 


+  1S0 


.^la  : 


±0.18 
±0.H 


±J/2 
±3(4 
±0.1 


±20 

*  10 


±2.5,  ±5, ±10, 
+  5,  +10 


+6.23  +6.3 


■.     ill  li.' 


.  V 


-65 


+  156 


Biu 

Digits 


.'MqiaaiQ  -.f  •  ~ 

S»''>'.-»9<jO  lOl  h-  "i  - 

LSB        •  ■■-Tfii-ISR  i:S  ' 
LSB 

.yL     •;       xv,  -. 

«^  .    '..-M  ,fJ..'  -. 

.fc-.  •->>>;  oi  b»rnmnT 
:  -  ■MlffoM  .'.»rn  S&ie\tt: 

%  of  FSR 

%  of FSR 

ppmofFSRTC 
PpmofFSR 

ppmofFSR'C  J -'"^ -  ■'  "-I 

ppmofFSRy°C 


^i2  0Sk)AC  a/ 


%«rFSR/%Vs 


w4 


NOTES 

Bit- 

o  with  cateraal  trim  pocentinaeter. 
'FOt  mean  Tidl  Scale  Rai«e"  aadii2aVfbrtfae±IOVn 
^Glki  aid  oSm  crran  adjuated  to  aen  at  +2S*C. 
'Qi-O.aeeFiiiifela. 

^NHAmmi  iridi  no  degradatian  of  apeeiflcation,  mnst  be  a  a 


X  and  mmiit^vtm^h 


'  'A  minimum     ±  12.3V  U  required  for  a  ±  lOV  fift  adde  onpn  ttd  ' 
.  £  I1.4V  it  required  for  all  other  voltage  ranget. 

u  wbiea  to  change  without  notice. 

u  thown  in  boldface  are  letied  on  all  productioo  unin  at  final  deOri- 
I.  Rcauttt  from  thoae  leitt  are  used  to  calculate  outgoing  ^laliiy  levda.  All 
1  and  maa  apedficacioot  are  guaranteed,  although  only  thOK  dnn  in 
!donaIlpn^ifctipnuqi|iL  .  > 


2&7B4  D9GITAL-TO'ANALOG CONVERTERS 


REV.  A 


TECHNOLOGY 

Hybrid 

Hybrid 

Hybrid 

orCITAL  INPUT 

Binary -CBI 

12 

12 

12 

BCD -CCD 

1 

3 

3 

3 

Digits 

Logic  Levels  (TTLCompaiibk) 

ViH(L(^ic"r') 

+  2.0 

+5.5 

+2.0 

+  5.5 

+  2.0 

+5.5 

V 

ViL  (Logic  "0") 

D 

+0.« 

0 

+  250 

+  0.8 

0 

+  0.8 

V 

l«fVn.  =  5  5 VI 

+  2S0 

+250 

MlIVb.  CUV) 

-100 

-100 

-100 

TRANSFER  CHARACTERISTICS 

ACCURACY 

LineBivEmrOi  +2S"C 

LSB 

CBl 

±1/4 

±1/2 

±1/2 

=  1/2 

CCD 

±UI 

±1/4 

±1/4 

±1/4 

LSB 

Ta**'  T„„ioT™, 

±ia 

±1M 

±ia 

±1/2 

±1/2 

LSB 

DifrerenualLineariiy  Errors  +25"^ 

CBI 

=  3.'4 

±1/2 

±ia 

CCD 

±1M 

iI/2 

±1/2 

±U2 

TaC"  TbHiIoT™ 

±i 

±1 

±1 

SB 

GtinEnoH 

±0.1 

±0.3 

±0.1 

±0.1 

Offjci  Error' 

±0,05 

±0.15 

±0.09 

±0.05 

Tcinpcnuure  Range  for  Guiraniccd 

MoiKKDiuciiy 

0 

+70 

0  > 

+70 

-23 

+  85 

"C 

DRIFT  (T™_  to  T™) 

Total  Bipolar  Drift,  inix(tndinlei gain. 

offset,  and  lineuliydiifti) 

=  20 

ppm  of  FSR'°C 

Total  Error  rT^loT—.l* 

Unipolar 

=  0.08 

=  0.15 

%  of FSR 

Bipdar 

=  0.06 

±0.10 

%  of FSR 

deluding  Intenul  Reference 

ilS 

=  30 

±20 

=  20 

ppmofFSR;''C 

Excluding  Intcml  Ritfiiitiiw 

±5 

=  7 

=  10 

=  10 

ppmofFSR/*C 

Unipolar  0£tet 

=  1 

±3 

±1 

±1 

ppmofFSR/T 

Bipolar  Of&ei 

sS 

±10 

=  10 

=  10 

ppmofFSR/X 

CONVERSION  SPEED 

Voltage  ModeKV)' 

Settling  Time  to  ±0.01%of  FSRfor 

FSR  change  (2kn||500pF  load) 

with  lOkOFeedback 

5 

5 

5 

(AS 

withSknFeedback 

3 

3 

3 

For  LSB  Change 

1.5 

1.5 

1.5 

Slew  Rate 

13 

20 

20 

V/(is 

Current  Model  (I) 

Settling  Time  to  ±0.01%ofFSR 

for  FSR  Change  10  to  lOOQ  Load 

300 

300 

300 

IOC  fluf  LiOflM 

1 

1 

1 

AiliAiiOGeRBitnn' 

- 
i 



±2.5,  ±5.  ±10, 

±2.S,±S,±10, 

=2.5,  ±5,  ±10, 

+5, +  10 

+  5, +10 

+  5. +  10 

-CCD 

±10 

+  10 

+  10 

V 

OuqmtQirrcm 

±5 

=S 

mA 

Ou^Mt  ImpedanocCdc} 

0.05 

0.05 

o.os 

A 

Shon  Circuit  Dnradoo 

CurreniModdt 

Ranges  -  Unipolar 

-2.0 

-2.0 

-2.0 

mA 

-Bipolar 

=  1.0 

=  1.0 

=  1.0 

mA 

Output  Impedance  -  Bipolar 

3.2 

3.2 

3.2 

kfl 

-Unipi^ 

6.6 

6.6 

6.6 

kn 

Cooiirfiancc 

-  1.5,  +  10 

-2.5,  +  10 

-2-5,  +  10 

+  6.17 

+  6.3 

+  6.43 

+  6.17 

+  6.3 

+  6.43 

+  6.17 

+  6.43 

V 

Output  Impedance 

1.5 

n 

Max  External  Current* 

+  2.5 

+  2  S 

+  2  5 

mA 

Tempco  of  Drift 

=  10 

=20 

±10 

±20 

=  10 

=  20 

ppmofV|i/°C 

POWER  SUPPLY  SENSmvrTY 

±  I5V  ±  10%,  SV  Kipply  when  apfdicable 

±0.002 

±0.001 

±0.002 

«afFSR/%V!i 

POWIiRSUWLYRBQUIREilENTS~ 

-- 

RscdVokasei 

±15.5 

±15.5 

±15,5 

* 

Range 

1 

Analog  Suppliet 

=  l« 

,  ±14J 

£15.5 

±14 J 

±13.5 

V 

+  16 

+4.5 

+  15.5 

;  +4.5 

+  15.5 

V 

Supply  Drun 

) 

1 

10 

20 

\ 

I- 

20, , 

15 

20  , 

mA 

20 

3S 

30. 

; 

2S'' 

30 

mA 

+  5V« 

8 

20 

IS* 

20 

15 

20 

mA 

TBMPERATUKBRAKOB  '  ■  

— H- 

SipcdflcMion 

Q 

+  70 

0 

+  70 

-25 

+  85 

X 

Ofwndiig 

+S3 

.  -25; 

+  85 

-55 

+  125 

Seonie 

+  130 

-65i 

+  130 

■c 

NOTES 

'Lean  Signifiooi  Ki. 
'A^nmbk  to  aero  with  exieraal  n 
>FSR  meMt  "FUl  Scale  Rai«e"  Wi  te  2mr  ftr  Oe  =  lOV  r 
SSiia  and  aftet  w  rfjuaiBd  n  antt  +25%. 


'Cp=0,  see  Figure  In^ 
^Maximum  with  OO  ^ 
d  lOV  for  ibe  =5V  nnge.       'including  SmA  kad. 
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DIGITAL-TO-ANALOG  CONVERTERS  2-785 


AD  DAC80/AD  DAC85/AD  DAC87  -SPECIFICATIONS  ^U^'l^irU 


TECHNOLOGY 


DIGITAL  INPUT 

Binary -CBI 

BCD-CCD 

Logic  LewbOTTLi 
Vm(Logic"n 
V„.  (Logic  "0") 
I,„{V,H  5,5V 
III  (V,|.  =  0.8\''. 


i4 

0 

TRANSFER  CHARACTERISTICS 
ACCURACY 

Linearity  EnwiJJ  +25°C 
--  CBI 
'  ^  ■  CCD 

TaCt  T™„ioT„^. 
DifTcmtial  Linearity  Error  (ii  +25^ 
CBI 
CCD 

TaCu  T„inl0Tn,„ 

Gain  Error' 
OffswError^ 

Temperacure  Range  for  Guaranteed 
Monoion  icily 
DRIFT  CT^,n  to  T™,) 
Total  Bipolar  Drifi,  max  (include gain, 
ofibet,aiidlii«|iiiv:di(k|0 

Vmpotar  .  - 

Bipolar 
Gain 

iBcfaiding  Inuniat  Refierence 


BipcdarOfTtet 


CONVERSION  SPEED 
Voltage  Model  (V)' 
Settling  Time  to  =0.01%ofFSRfor 
FSR  change  (21cn{|500pF  load) 
with  lOkOFecdback 
wiihSkHFeedback 
For  LSB  Change 

Slew  Rate 
Current  Model  (I] 
Settling  Time  to  :!:0.01%of  FSR 
fi»  FSR  Change  10  to  10011  Load 
for  Ikn  Load 


ANALOG  OUTPUT 
Voltage  Models 
Ranges -CBI 

-CCD 
Output  Current 
Output  Impedance  (dc) 
ShonC&CUil  Durauon 
Current  Models 
Ranges  -  Unipolar 

-Bipolar 
Output  Impedance  -  Bipolar 

Compliance 

Internal  Reference  Voltage  (V|{) 
Output  Impedance 
Max  Eziemal  Current^ 
Tcll^lco  of  Drift 


POWER  SUPPLY  SENSrnVtTY 

±I5V  ±  10*,  5V  supply  whec^iptkable 


POWER  SUPPLY  REQUIREMENTS 
RuedVolugcs 
Rnge 


TEMPERATURE  RANGE 


AD  DAC85LD 

Min  Typ  Max 


±1/2 
±1/2 

am 


2:2.5,  ±5,  ±10^ 
+  5,  +  lO 


X14.S 
+  4.5 


±15.5 
+  15.5 


—  -Si  


 .tlB.. 


AD  DACH5MIL 

Tvp 


+  5.5 
+0.8 


—100 


±ia 


±ii.» 


±2.5,  ±5,  ±10. 
+*»»  '■ 


±14.5 
+4.5 


±15.5 
+  15.5 


AD  DAC87 

T.p 


-an 


±1/2 
±3M 


.1- 


+  125 

:»i:t  \t.- .tri^ 

±30 

^  .  ,  4U. 

.1-4  u. 

±0.30 
^0.24 

H  of  FSR 
KofFSR 

±^ 
±10 
-3 

±10  _ 

ppmofFSRA; 
PpmoTFSRrc 
ppmofFSR/^ 
Ppf&of|^R/*C 

•2.S,±5,±10, 
+  3. +  10 


-2.0 

-2.0 

mA 

±1.0 

±1.0 

3.2 

2.5 

3.2 

4.1 

kn 

6.6 

5.0 

6.6 

8.2 

ka 

-2.5,  +  10 

-1.5,  +  10 

V 

+6.3 

+  6.43 

+  6,17 

+  6.3 

+  6.43 

V 

1.5 

+  2.5 

1.5 

+  2.5 

n 

10 

20 

±5 

10 

ppmofVo/'C 

±13.5 
+4.5 


±15,5 

Vi 

±16.5 

V 

+  16.5 

V 

10 

20 

mA 

20 

35 

mA 

10 

20 

mA 

NOTES 

'L«sE  Sjffiuficant  Bit. 

'Adjustable  to  zero  with  external  trim  potenlknieier.  •*-Ki*es^  s  ■  i. 

'FSR  means  "Full  Scale  Range"  and  is  20V  for  ihe  »10V  Unt^^od  lOV  for  Ibe  ±  SV  range. 

*Gain  and  offset  errors  adjusted  to  zero  ai  +  ^Xi. 


+  125 


"Ch  =  0,  ic«  Figure  !a. 

"Maximum  wirh  no  degradaliim  uf  specifidlion,  I 
Including  SniA  load, 

'  +  5V  supply  required  only  for  CCD  venioni. 


+  123 


Vi*IO.e  - 


'  Nt»2T  1^-- 


■  >;>;q|Ti  .DT' 
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AD  DAC80/AD  DAC85/AD  DAC87 


JUj^tW^VjCpMAXIMUMRATINGS 

'm^t»Pv(leeiOtuaai-  .  .   .  .  .  OVto  +18V 

-Vs  t^Pewei  Ground  V.  ....  *  .  .  .  .  .  ..  .  ^  OV  jo  ^18V 

Digital  Inputs  (Pins  1  to  12)  to  Pow«  Ground  ...    -ISfV  ta 

+7V 

■  "'  ■.' -L  fj  rj-,....j  ■••j," .nt  .'■-■i  .i.  -r'niiii  ,  ij.^i  ■  i     i  ■ ',■  ': 


Ref  In  to  Reference  Ground  .   .  ±12V 

Bipolar  Offset  to  Reference  Ground  ±  12V 

lOV  Span  R  to  Reference  Ground  ±  12V 

20V  Span  R  to  Reference  Ground  ±24V 

Ref  Out  Indefinite  short  to  power  ground  or  +  Vs 


(MSB)  BrT  1 
BITl 


BITS 
BITS 


BIT  g 

BIT  9 


17- 

E- 
E- 
E- 
EH 

E- 
E- 

Qi 


ft 


LADDER 
NETWORK 

AND 
CURRENT 

SWITCHES 


—3 ' 

^3 


I  

>        Ski)  ' 


^  «]  -V, 


GAIN  ADJUST 


lo]  SUMMING  JUNCTION 
Tg]  20V  RANGE 

"ib]  iov  range 

3 


BIPOLAR  OHSCr 


.  ^SV'OCDVaiSlONS 


Voltage  Model  Functional  Diagram  and  Pin  Configuration       Curr^ttJMottel  FunqtiQoal  Diagram  and  Pin  Configuration 

OKDERING  Gimffi 


Input 

Output 

TeoDvetatme 

Linearity 

Package 

Model 

Code 

Mode 

Tecbnology 

Ranse 

Error 

Option* 

ADDACSON-CBI-V 

Binary 

Voltage 

MonolMic 

0to"+70°C 

±1/2LSB 

N-24 

ADDAC80D-CBI-V 

Binary 

Voltage 

Monolithic 

Oto  +70°C 

±  1/2LSB 

D-24 

ADDAC85D-CBI-V 

Binary 

Voltage 

Monolithic 

-25''Cto+85°C 

±  1/2LSB 

D-24 

*^SMary  ■  '  -"'-.-^ 

Voltage 

Monolithic 

-S5°Cto+125X 

±1/2LSB 

D-24 

Binary 

Voltage 

Hybrid 

Oto  +70°C 

±1/2LSB 

DH-24A 

ADDAC%KGBM 

Binary 

Current 

Hybrid 

0to+70°C 

±  1/2LSB 

DH-24A 

Binary  Coded  Decimal 

Voltage 

Hybrid 

0to+70°C 

±  1/4LSB 

DH-24A 

ADD«eRwxa)^i 

Binary  Coded  Decimal 

Current 

Hybrid 

Oto  +70°C 

±  1/4LSB 

DH-24A 

ADDAC80Z-CBI-V** 

Binary 

Voltage 

Hybrid 

Oto  +70°C 

±  1/2LSB 

DH-24A 

AD  DAC80Z-CBI-I** 

Binary 

Current 

Hybrid 

Oto  +70''C 

±  1/2LSB 

DH-24A 

ADDAC80Z-CCD-V** 

Binary  Coded  Decimal 

Voltage 

Hybrid 

0to+70°C 

+  1/4LSB 

DH-24A 

ABDAdHlZ-CX:D-I** 

Binary  Coded  Dedmal 

Current 

Hybrid 

Oto  +7(rc 

±1/4I^B 

DH-24A 

ADDAC85C-CBI-V 

Binary 

Voltage 

Hybrid 

0to+70°C 

+  1/2LSB 

DH-24A 

AliDAC85C-CBI-I 

Binary 

Current 

Hybrid 

Oto  4T(ft. 

+  1/2LSB 

D>H-24A 

ADDAC85-a|Iry^,,j 

Binary 

Voltage 

Hybrid 

-25°Cto+85°C 

±  1/2LSB 

DH-24A 

ADDAC85-CBtf 

Binary 

Current 

Hybrid 

-25°Cto+85°C 

±  1/2LSB 

DH-24A 

ADDAC85LD-CBI-V 

Binary            ^  ,  . 

Voltage 

Hybrid 

-25''Cto+85°C 

±  1/2LSB 

DH-24A 

AD  DAC85LD-CBI-1 

Binary 

Current 

Hybrid 

-25''Cto+85''C 

±  1/2LSB 

DH-24A 

AD  DAC85MIL-CBI-V 

Binary 

Voltage 

Hybrid 

-55°Cto  +  125°C 

±  1/2LSB 

DH-24A 

AD  DAC85MIL-CB1-1 

Binary 

Current 

Hybrid 

-55°Cto  +  125°C 

±  1/2LSB 

DH-24A 

AD  DAC85C-CCD-V 

Binary  Coded  Decimal 

Voltage 

Hybrid 

Oto  +70°C 

±  1/4LSB 

DH-24A 

AD  DAC85C-CCD-I 

Binary  Coded  Decimal 

Current 

Hybrid 

Oto  +70°C 

+  1/4LSB 

DH-24A 

ADDAC85-CCD-V 

Binary  Coded  Decimal 

Voltage 

Hybrid 

-2S°Cto+85°C 

+  1/4LSB 

DH-24A 

ADDAC85-CX;D-I 

Binary  Coded  Dedmal 

Cufient 

Hybrid 

-25°Cto+85°C 

DH-24A 

ADDAC87-CBI-V 

Knary 

Voltage 

Hybrid 

-55"Ctb  +  125°C 

ilQLSB 

DH-24A 

AbDAC87<SI-I 

Binary 

Curroit 

±i/2Lsas 

=  im-24A 

*For  outline  infonnation  see  Va^agfi  lofonnatiQn  section. 

**Z-SiifBx  devices  guanmtee  pei£>nnance  of  0  to  +5V  and  ±5V  spans  with  minimmn  supply  voltages  of  ±  11.4V. 


DIGITAL-TO-ANALOG  CONVERTERS  2-787 


The  AD  DAC80  Series  accepts  complementary  digital  input 
code  in  binary  (CBI)  format.  The  CBI  model  may  be  cormected 
by  the  user  for  ai^{iae<n£        c^tii^tteiaenBtF^  'etideKTC 
COBor  CTC.   1/.-:       •j;-.  -;  •  :  ;i     ,  ' 

II.'  .      Table  I,  MigitBl  Input  Qodes  >;  ; 


Digital  lapal 

Analog  Output 

CSBCompl. 

COBCompl. 

CTC«Conipl. 

MSB  LSB 

Straigfat  Binaiy 

Offset  Binai; 

Two's  Compl. 

000000000000 

+  Full  Scale 

+  Full  Scale 

-ILSB 

0  111111111  11 

+  1/2  Full  Scale 

Zero 

-Full  Scale 

100000000000 

Mid'Scale 

-ILSB 

+  Full  Scale 

11111111  1111 

Zero 

—  Full  Scale 

Zero 

*bivm  iIk  MSB  (rf  the  COB  code  whb  an  mernal  invener  to  obtsin  CTC  code. 

ACCURACY 

Accuracy  error  of  a  D/A  converter  is  the  difference  between  the 
analog  output  that  is  expected  when  a  given  digiol  code  is  applied 
and  the  output  that  is  actually  measured  with  that  code  applied 
to  the  converter.  Accuracy  error  can  be  (iMtsed  by  gain  error, 
zero  OTor,  linearity  error,  or  any  combimiii6ii"dr  the  lliree.  Of 
these  three  specifications,  the,  liiijarity  error  spradfication  is  the 
most  important  since  it  cannot  be  detected.  Linearity  error  is 
^lecified  ov«  its  entire  temperature  range.  This  means  that  the 
&alog  (liitput  wffl  not  vary  by  mote  than  its  maximimi  sjx^fi- 
cation,  from  an  ideal  sti«yitt  toe  drawn  between  the  eoA  points 
(inputs  all  "l"s  and  all  "^J  tmi  the  specified  tempeilittte  •"  -.'i 
range. 

1  ©iffeifential  linearity  error  of  a  EVA  converter  i$  the  deviation 
'  ftom  an  ideal  ILSB  voltage  change  from  one  adjacent  output 
state  to  the  next.  A  differential  linearity  error  specification  of 
±1/2LSB  means  that  the  output  voltage  step  sizes  can  range 
from  1/2LSB  to  1  1/2LSB  when  the  input  changes  from  one 
adjacent  iiq>ut  »if|te'R>  tin  neKt.  '  ^  •■     ■  i 

J)RIFT 

.  Gim  Drift  is  a  measure  of  the  change  in  the  full  scale  range 
output  over  temperature  expressed  in  parts  per  million  of  full 
scale  range  per  °C  (ppm  of  FSR/°C).  Gain  drift  is  established 
by:  1)  testing  the  end  point  differences  for  each  AD  DAC80 
model  at  the  lowest  operating  temperature,  +  25°C  and  the 
highest  operati^  ten^ieisiture;  2)  calculating  the  gain  error  with 
respect  to  the  ■¥SyC:''a3x»  and;  3>(]iindiqg,V]rtt^  tmiperatiue 
change. 

Offset  Drift  is  a  measure  of  the  actual  change  in  output  with  all 
"l"s  on  the  input  over  the  specified  temperature  range.  The 
maximum  change  in  offset  is  ijeferenced  to  the  offset  at  +2S°C 
imd  is  divided  b^  ^,t«I^^at^Ie.ral;^.  This  drift  is  ej^ressed 
in  pants      millioB  of  fiiH  scaje-cange  tfsi}C  (ppm  of  FSR/°C). 

SETTLING  TIME 

Settling  time  for  each  model  is  the  total  time  (including  slew 
time)  required  for  the  output  to  settle  within  an  error;!; 
around  its  final  value  after  a  change  in  iriput. 

'VcHtage  Output  Models.  Three  settling  \ita6s  are  specified  to 
±0.01%  pf  full  scal^irange  (F^j^;  tvip  for  maximum  full  scale 
■  ;nmge  changes  gf  .^Wj,_10y  a^^oi^  jE^rii.  ILSB  change.  TJis: 


li^^ya  cnange  is  iiicasuicu  iu       majoi  carry  (,u  i  i  i  .  .  .  i  i  to 
1  0  0  0  ...  0  0),  the  point  at  which  the  worst  case  settling  time 
occurs.  The  settling  time  characteristic  depends  on  the  compen- 
sation capacitor  selected,  the  optimum  value  is  25pF  as  shown 
in  Figure  la. 

Current  Output  Aiodels.  Two  settling  times  are  specified  to  ±0.01% 
of  FSR.  Each  is  given  for  current  models  connected  with  two 
different  resistive  loads:  10  to  100  ohms  and  1000  to  1875  ohms. 
Internal  resistors  are  provided  for  coimecting  nominal  load 
resistances  of  approximately  1000  to  1800  ohmsii^  output  voltage 
ranges  of  ±  IV  and  0  to  -  2V. 


1 


251* 


Figure  la.  Voltage  Model  Settling  Time  Circuit 


Figure  lb.  Voltage  Model  Settling  Time^Qt  =  25pF 
POWER  SUPPLY  SENSITIVITY 

Power  supply  sensitivity  is  a  measure  of  the  effect  of  a  power 
supply  change  on  the  D/A  converter  output.  It  is  defined  as  a 
per  cent  of  FSR  per  per  cent  of  change  in  either  the  positive  or 
negative  supplies  about  the  nominal^p^m^  voltages,  . 

REFERENCE  SUPPLY 

All  models  are  supplied  with  an  internal  6.3  volt  reference  voltage 
supply.  This  voltage  (pin  24)  is  accurate  to  ±  1%  and  must  be 
connected  to  the  Reference  Input  (pin  16)  for  specified  operation. 
This  reference  may  also  be  used  externally  with  external  current 
drain  limited  to  2.5mA.  An  external  buffer  amplifier  is  recom- 
mended if  this  reference  is  to  be  used  to  drive  other  system 
components.  Otherwise,  variations  in  the  load  driven  by  the 
reference  will  result  in  gain  variations.  All  gain  adjustments 
iSi^d  be  niadi£'ti!Eidfer  constant  load  condition^. 


-L 


..(sHoT  fffelQUS  vttrr. 
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Performance  Over  Temperature  -  AD  DAC80/AD  DAC85/AD  DAC87 


ANALYZING  DEVICE  ACCURACY  OVER  THE 
TEMPERATURE  RANGE 

For  the  purposes  of  temperature  drift  analysis,  the  major  device 
components  are  shown  in  Figure  2.  The  reference  element  and 
buffer  amplifier  drifts  are  combined  to  give  the  total  reference 
temperature  coefficient.  The  input  reference  current  to  the 
DAG,  Iref,  is  developed  from  the  internal  reference  and  will 
show  the  same  drift  rate  as  the  reference  voltage.  The  DAC 
output  current,  Idac,  which  is  a  function  of  the  digital  input 
codes,  is  designed  to  track  Iref;  'f  there  is  a  slight  mismatch  in 
these  currents  over  temperature,  it  will  contribute  to  the  gain 
T.C.  The  bipolar  offset  resistor,  Rbp,  and  gain  setting  resistor, 
Rgain,  also  have  temperature  coefficients  which  contribute  to 
system  drift  errors.  The  input  offset  voltage  drift  of  ibe.Otttpat 
amplifier,  OA,  also  contributes  a  small  error. 

There  are  three  types  of  drift  errors  over  temperature:  offset, 
gain,  and  linearity.  Offset  drift  causes  a  vertical  translation  of 
the  entire  transfer  curve;  gain  drift  is  a  change  in  the  slope  of 
the  curve;  and  linearity  drift  represents  a  change  in  the  shape  of 
the  curve.  The  combination  of  these  three  drifts  results  in  the 
complete  specification  for  total  error  over  temperature. 

Total  error  is  defined  as  the  deviation  from  a  true'straigjit 
transfer  characteristic  from  exactly  zero  at  a  digital  input  which 
calls  for  zero  output  to  a  point  which  is  defined  as  fiill  scale.  A 
spedficatian  for  total  error  over  temperature  assumes  that  both 
the  zero  and  fiill  scale  points  have  been  trimmed  for  zero  error 
at  +  25°C.  Total  error  is  normalljManiressed  a  peRxntige  of  tibe 
full  scale  range.  In  the  bipolar  8itfii^ii,,t^  mms  the  total'' 
range  from -Vfs  to +Vfs.   j       i  ' 

Several  new  design  conceits  not  ^c^tioosfy^^  DACSOM^ 
devices  contribute  to  a  reduction  m  all  the  eiror:fii06as  9va  '■' 
temperature.  The  incorporation  of  low  tempierature  ooefi^dei^- 
silicon-chromitun  thin-film  resistors  deposited  on  a  single  chip, 
a  patented,  folly  d^erential,  emitter  weighted,  precision  curroit 
steering  cell  structure,  and  a  T.C.  trimmed  buried  zener  diode 
reference  element  restilts  in  superior  wide  temperature  range 
performance.  The  gain  setting  resistors  and  bipolar  offset  resistor 
are  also  fabricated  on  the  chip  with  the  same  SiCr  material  as 
the  ladder  network,  resulting  in  low  gain  and  offset  drift. 


i  


An!.' 


JVIONOTONICITY  AND  LINEARITY 

The  initial  linearity  error  of  ±  1/2LSB  max  and  the  differential 
linearity  error  of  ±  3/4LSB  max  guarantee  monotonic  performance 
over  the  specified  range.  It  can,  therefore,  be  assumed  that 
linearity  errors  are  insignificant  in  conqiutation  of  total  temperature 

emxs.'  '      '  '  " 

UNIPOLAR  ERRORS 

Temperature  error  analysis  in  the  unipolar  mode  is  straightforward: 
there  is  an  offset  drift  and  a  gain  drift.  The  offset  drift  (which 
comes  from  leakage  currents  and  drift  in  the  output  amplifier 
(OA))  causes  a  linear  shift  in  the  transfer  curve  as  shown  in 
Figure  3.  The  gain  drift  causes  a  change  in  the  slope  of  the 
curve  and  results  from  reference  drift,  DAC  drifi(,  and  drift  in 
Rgain  relative  to  the  DAC  resistors. 

BIPOLAR  RANGE  ERRORS 

The  analysis  is  slightly  more  complex  in  the  bipolar  mode.  In 
this  mode  Rbp  is  connected  to  the  summing  node  of  the  output 
amphfier  (see  Figure  2)  to  generate  a  ciurrent  which,  exactly 
balances  the  current  of  the  MSB  so  that  the  output  voltage  is 
zero  with  only  the  MSB  on. 

Note  that  if  the  DAC  and  application  resistors  track  perfectly, 
the  bipolar  offset  drift  will  be  zero  even  if  the  reference  drifts. 
A  change  in  the  reference  voltage,  which  causes  a  shift  in  the 
bipolar  offset,  will  also  cause  an  equivalent  change  in  Iref  and 
thus  Idacj  so  that  Idac  will  always  be  exactly  balanced  by  Ibp 
with  the  MSB  turned  on.  This  effect  is  shown  in  Figure  3.  The 
net  effect  of  the  reference  drift  then  is  simply  to  cause  a  rotation 
ia  the  transfer  aroimd  bipolar  zero.  However,  consideration  of 
second  order  effects  (which  are  often  overlooked)  reveals  the 
errors  ia  the  H^kHkc  mode.  The  unipolar  offset  drifts  discussed 
before  wiU  liave  ilie  nme  effect  on  the  bipolar  ^S>et.  A  iMsmatdi 
of      to  tbe  DAC  resistors  is  usually  the  largest  compodeUt  of 
Inpdar  drift,  but  in  the  AD  DAC80  thn  error  is  held  to  lOppm/^ 
max.  Gain  drift  in  the  DAC  also  contiibntes  to  bipolar  ofiset 
drift,  as  nell  as  full  scale  drift,  but  again  is  held  to  lOpi^ii/%' 
max. 
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AD  DAC80/AD  DAC85/AD  DAC87 
Using  the  AD  DAC80  Series 

POWER  SUPPLY  CONNECTIONS 

For  optimum  performance  power  supply  decoupling  capacitors 
should  be  added  as  shown  in  the  connection  diagrams.  These 
capacitors  (IfxF  electrolytic  recommended)  should  be  located 
close  to  the  AD  DAC80.  Electrolytic  capacitors,  if  used,  should 
be  paralleled  with  0.01)1.?  ceramic  capacitors  for  optirauni  high 
frequency  performance. 

EXTERNAL  OFFSET  AND  GAIN  ADJUSTMENT 

Offset  and  gain  may  be  trimmed  by  installing  external  OFF- 
SET and  GAIN  potentiometers.  These  potentiometers  should  be 
comiEeed  as  ^towOfin  the,^ock  diagrams  and  adjusted  as  described 
below.  TCR  of  the  potentiometers  should  be  100ppm/°C  or  less. 
The  3.9Mn  «Ml  ItOilfift  tutors  (20%  carbon  or  better)  should 
be  located  close  to  die  AD  DAC80  to  prevent  noise  pickup.  If  it 


is  not  convenient  to  use  these  high-value  resistors,  a  functionally 
equivalent  "T"  network,  as  shown  in  Figure  6  may  be  substituted 
in  each  case.  The  gain  adjust  (pin  23)  is  a  high  impedance  point 
and  a  0.01|lF  ceramic  capacitor  should  be  connected  from  this 
pin  u>  caminon  to  prevent  noise  pickup. 

Offset  Adjustmeht:  For  unipolar  (CSB)  configunitions,  applj^the 
digital  input  code  that  shoald  produce  zero  potential  output  and 
adjust  the  OFFSET  potentiometer  for  zero  output.  For  bipolar 
(COB,  CTC)  configurationg,  apply  the  digital  input  code  that 
should  produce  the  maximum  negative  output  voltage.  Example: 
If  the  FULL  SCALE  RANGE  is  connected  for  20  volts,  the 
maximum  negative  output  voltage  is  -  lOV.  See  Table  II  for 
corresponding  codes. 

Gain  Adjustment.  For  either  unipolar  or  bipolar  configurations, 
apply  the  digital  input  that  should  give  the  maximum  positive 
voltage  output.  Adjust  the  GAIN  potentiometer  for  this  positive 
full  scale  voltage.  See  Table  H  for  positive  full  scale  voltages. 
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Figure  5.  External  A(fi^stffi9nt  and  Voltage  Supply 
Connection  Diagram,  Vvltage^pdel  ,         1.- 1 
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Figure  6.  Equivalent  Resistances 
Table  II.  Digital  Input/Analog  Output 


Digital  Input 

Analog  Output 

12  Bit  Resolution 

Voltage* 

Current 

MSB  LSB 

Oto  -l-lOV 

±10V 

Oto  -2mA 

±  ImA 

000000000000 

+  9.9976V 

+  9.995  IV 

-1.9995mA 

-0.9995mA 

0  11111111111 

+  5.0000V 

O.OOOOV 

-l.OOOOmA 

O.OOOOmA 

100000000000 

+  4.9976V 

':.88mV 

-  0.9995mA 

-1- 0.0005mA 

111111111111 

O.OOOOV 

-  lO.OOOOV 

O.OOOOmA 

-l.OOmA 

11^ 

2.4teV 

-0.0049V 

0.4«8|iA 

0.488|tA 

*ToolMaiimlaeBforotiierbiiuayiaagesOto  +SVraiige:dinde0to-f-10valuc8l]y2; 
±SVniige: divide  ± lOVimge Tallies bjr 2;  ±2.SVmige: divide  ± lOViange values tqr 4. 
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Applying  the  AD  WlO/ltD  Dfte05/AD  DAG87 


VOLTAGE  OUTWfr'MpDELS . :  ^:    '""^f;  ! 
Interoidl  ^saliv^n^iC^'jtMded.ia  the  AD  DA(i^  t^f  be 
connectsd  t»  ptoiai^'^^il  anpnt  voltage  range*  of  i±  10,  ±5 
or  ±2.$V  or  tfnipoUe  ouJ^t-MM^  ranges  of  6  to-  +  S  or  0  to 
+  lOV  (see  I%Hre  7). 
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Figure  7.  Output  Amplifier  Voltage  Range 
Scaling  Circuit 

of  tbe  i^BcmH  tracking  of  the  scaling  resistors  with  other  device 
compOnmts.  Connections  for  various  output  voltage  ranges  are 
shown  in  Table  III.  Settling  time  is  specified  for  a  full  scale  - 
range  change:  4  microseconds  for  a  lOkfl  feedback  resistor;  3  ' 
microseconds  for  a  5k(l  feedback  resistor  when  using  the  com- 
pensation capacitor  shown  in  Figure  I. 

The  equivalent  resistive  scaling  network  ^n^  oiilpit  cirGuit  of 
the  current  model  are  shown  mrFi^im'S  2ad'9^'kxtei^  Rls" 
Ffig»<tf^  teipiSed'«>  pKDdlice'tiaietly  S'to-'^2V'  oi">±W>  < 
oui:^«.3TCR«fmesb  «e^or#Slidatd  btUfSi'^^Opptts/^  orlesS'tcr 
mainta%W'M>^AC&Oott^t'spiS^cMi(i>fi.-If«s)ict'buft>i:it  ' 
ranges     Sot-riei^S^ed>,-<'fiie  esitgriM'tfesistMs'n^ifttirtfiiieded^ 
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Figure  8.  internal  Scaling  Resistors 

Werpal  resistors  are  providecl'to  scale  an  external  op  amp  or  to 
configure  a  resistive  load  to  offer  two  output  voltage  ranges  of 
±  IV  or  0  to  -2V.  These  resistors  (Rli:  TCR  =  20ppm/°C)  are 
an  integral  part  of  the  AD  DAC80  and  maintain  gain  and  bipolar 
offset  drift  specifications.  If  the  internal  resistors  are  not  used, 
external  Rl  (or  Rp)  resistors  should  have  a  TCR  of  ±  25ppm/°C 
or  less  to  minimize  drift.  This  will  typically  add,  ±  50ppm/°C  + 
the  TCR  of  Rl  (or  Rj)  to  the  total  drift. 
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Figure  9.  AD  DAC80  Current  Model  Equivalent 
Output  Circuit 


Table  III.  Output  Voltage  Range  Connections-Voltage  Model  AD  DAC80 


Output 

Digital 

Connect 

Connect 

Connect 

Connect 

Range 

Input  Codes 

Pin  15  to 

Pml7to 

Pin  19  to 

Pin  1$  to 

±10V 

COBorCTC 

19 

20 

15 

24 

±5V 

COBorCTC 

18 

20 

N.C. 

24 

±2.5V 

COBorCTC 

18 

20 

20 

24  , 

Oto  +  10V 

CSB 

18 

21 

N.C. 

24 

Oto+5V 

CSB 

18 

21 

20 

24. 

:£Sxy      - . 

;l9 

N.C. 

15 

"  '1"  '  •^"^^^'feiii  K'^Mtrmt  Model/Resistive  Load  Connections 


Intonal 

Resistance 

Ru 

1% 

Metal  Film 
External 
Resistance 
Rls 

Rli  Connections 

Reference 

Bipolar  Offset 

Digital 
Input  Codes 

Output 
Range 

Connect 
Pin  15  to 

Connect 

Pin  18  to 

Connect 
Pin  20  to 

Connect 
Pin  16  to 

Connect 
Pin  17  to 

Rls 

CSB 

0to-2V 

0.968kfl 

21011 

20 

19  &  Rls 

15 

24 

Com  (21) 

Between 
Pin  18  & 

Com  (21) 

Between 
Pin  20  & 
Com  (21) 

N/A 

COBorCTC 
CCD 

±IV 
0to±2V 

i  .2fca  j 

3kn  ■ 

.24^  i 

? ; 

N/A  -/  i 

if  i 

u  i 
?I.C. 

kc..  ■ 

24  ■ 

24 

15 

N.C. 
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figure  lu  will  generate  a  voltage  range,  Voirr>  determined  by: 
( 6.6k  X  kA 


VoUT  =  -2mA 


6.6k 

Where  Rl  max  =  l.S4kn 

and  Voirr       -  —2.5V 
To  achieve  specified  drift,  connect  the  interlud  scaling  resistor 
(Rli)  as  shown  in  Table  IV  to  an  external  metal  film  trim  resistor 
(Rls)  to  provide  fiill  scale  output  voltage  range  of  0  to  -2V. 
With  Rls  =  0,  Vqut  1.69V. 


reaan 


-0  + 

VouT 


Figure  10.  Equivalent  Circuit  AD  DAC80-CBI-I 
Connected  for  Unipolar  Voltage  Output  vntfi 
Resistive  Load 

DRIVING  A  RESISTOR  LOAD  BIPOLAR 
The  equivalent  putput  circuit  for  a  bipolar  ouq>ut  voltage  range 
ii  sbmmmWg^  iU  Ik     Ikr  *  ife.  VoDT  >■  <il5'W*lllillwl 
by: 


VouT  =  -  IniA 


[Rl  X  3.22k 


Where  Rl  max  =  ll.lSkn 
and  Vcxrr  ""^  -  ±2.5V 


To  achieve  specified  drift,  connect  the  internal  scaling  resistors 
(Rli)  as  shown  in  Table  IV  for  the  COB  or  CTC  codes  and  add 
an  exmmal  metal  film  resistor  (Rls)  in  series  to  obtain  a  full 
icale  output  nmge  of  ±1V.  In  this  configuratien,  -  -  | 

equal  to  zero,  die  full  scale  range  11^  be  ±0.874V.  I 

DRIVING  AN  EXTERNAL  OP  AMP 

The  current  model  AD  DAC80  will  drive  the  summing  junction 
of  an  op  amp  used  as  a  current  to  voltage  converter  to  produce 
an  output  voltage.  As  seen  in  figure  12, 

VoOT  =  loirr  X  Rf 

where  lotrr  is  the  AD  DAC80  output  current  and  Rp  is  the 
feedback  resistor.  Using  the  internal  feedback  resistors  of  the 
cmret^  yodd-i^  DAGSO-'pivvida  /output  vohage  ta^et^ 


Crjsiaim  


1 


Figure  1 1.  AD  DAC80-CBI-I  Connected  for  Bipolar 
Output  Voltage  with  Resistive  Load 

t  as  the  voltage  model  AD  DAC80.  To  obtain  the  desired 
output  veltagfijrange  when  connecting  an'dtfeAM  <s^'|j|gtif^ 
to  Table..V«i^  Figure  12. 


20V  RANGE 


•FOR  FAST  SETTLING  TIMES 

WW- Figure  12.  External  Op  AmprUsinBJrmaml  ...  . 
»).'      Feedback  Reaisu»ra       --w  v  «mJ;.f.  l<inn?>4 

OUTPUT  LARGER  THAN  20V  RANGE 

For  output  voltage  ranges  larger  than  ±  10  volts,  a  high  voltage 
op  amp  may  be  employed  with  an  external  feedback  resistor. 
Use  lour  values  of  ±  1mA  for  bipolar  voltage  nmges  and  -2mA 
for  unipolar  voltage  ranges  (see  Figure  13).  IteflmeBilll  diodes 
when  a  high  voltage  op  amp  is  used. 

The  feedback  resistor,  Rp,  should  have  a  temperature  coefficient 
as  low  as  possible.  Using  an  external  feedback  resistor,  overall 
drift  of  the  circuit  increases  due  to  the  lack  of  temperature 
tracking  betweeii  Rf  and  the  internal  scaling  le^stpr  j;;e{?i>^.. , 
'&m  will  Qrpealfy  add  SOp|)ni/°C  +  Rp  drift  to  nmd  dM:. 


'FOR  OUTPUT  VOLTAOE  SWINGS  UP  TO  140V 


Figure  13.  External  Op  Amp-Using 
External  feedback  Rai^ors 


Table  V.  External  Op  Amp  Voltage  Mode  Co/fneetions 


Output 

Digital 

Connect 

Connect 

Connect 

Coimect 

Range 

Input  Codes 

A  to 

Pin  17  to 

Pin  19  to 

Pin  16  to 

±10V 

COBorCTC 

19 

15 

A 

24 

CXMotCTC 

18 

15 

N.C. 

24       -  1 

I               I      ±2.5V  ■ 

COBorCTC 

18 

15 

15 

24 

i                      Oto  +  !OV 

CSB 

18 

21 

N.C. 

24 

Oto  +5V 

CSB 

18 

21 

15 

24 
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ANALXXS 
DEVICES 


CMOS 

80  MHz,  Triple  8-Bit  Video  DAC 


ADV101 


FEATURES 

80  MHz  Pipelined  Operation 
Triple  8-Bit  D/A  Converters 
RS-343A/RS-170  Compatible  Outputs 
TTL  Compatible  Inputs 
+5  V  CMOS  Monolithic  Construction 
40-Pin  DIP  or  44-Pin  PLCC  Package 
Plug-In  Replacement  for  BT101 . 
Poww  DiMiiMtioa:  400  mW 


APPUCATIONS 

High  fUMHilutlon  Color  Graphics 

CAEAMD/CAiM  Applications 

Image  Processing 

Instrumentation 

Video  Signal  Reconstruction 

Desktop  Publishing 

SPEED  GRADES 
80  MHz 
50  MHz 
30  MHz 


GENERAL  DESCRIPTION 

The  ADVlOl  (ADV®)  is  a  digital-to-analog  video  converter  on  a 
single  monolithic  chip.  The  part  is  specifically  designed  for  high 
resolution  color  graphics  and  video  systems.  It  consists  of  three, 
high  speed,  8-bit,  video  D/A  converters  (RGB);  a  standard  TTL 
input  interface  and  high  impedance,  analog  output,  cunent 
sources. 

The  ADVlOl  has  three  separate,  8-bit,  pixel  input  ports,  one 
each  for  red,  green  and  blue  video  data.  Additional  video  input 
controls  on  the  part  include  sync,  blank  and  reference  white.  A 
single  4-5  V  supply,  an  external  1.23  V  reference  and  pixel  clock 
input  are  all  that  are  required  to  make  the  part  operational. 

The  ADVlOl  is  capable  of  generating  RGB  video  ouq>ut  signals, 
which  are  compatible  with  RS-343A  and  RS-HO^Mw-ilfaa-  ' 
dards,  without  requiring  external  buffering.  u  .  ,  > 

The  ADVlOl  is  fabriiirtid  in  a  -1-5  V  CMOS  proc^*lfs1*ono- 
lithic  CMOS  constnictipn  insurra  grtiMra  fuiiEti(«^  icm 
power  dissipation.  Tllej^  iii'pSC^^^  iS'tt^^ 
jiMc  DIP  and  a  44-phi'  plastic  leaded  (J-Iead)  cldp  wrier. 


FUNCTIONAL  BLOCK  DIA&tlM 


ADJUST  VnEF 

<xy- 


REF  WHITE 
BLANK 
SVNC 


PRODUCT  HIGHLIGHTS 

1.  Fast  video  refresh  rate,  80  MHz. 

2.  Compatible  with  a  wide  variety  of  high  resolution  coIot  ' 
graphics  video  systems.  ~'  - 

3.  Gg^ianteed  nranotopic  with  a  mazimum  deferential  mm-' 
Imeat^  of  ±05  LS9,.Integnil  mmlineniiy  is  guaranteed  to 
he.a  niaxinumi  of  ±  1'  LSB. 
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(V„  =  +5  V  ±  5%;      =  +1.235  V;     =  37.5  ft,  Ci  =  10  pF;  Rjn  = 
ADV1 01       SPECIFICATIONS      ^       Gn«H<^  to  lOC  mi  specifications  T„|„  to  T„„'  unless  otherwise 


fit  •  -alii — L  p%» 


Readwioii  ^ich  DAQ 
ficmky  (Each  DAC) 
-  Integral  Nonliiiieiirity,.JML.- . 

Differential  Hiff^ffapXfj  jE>NL 

day  Scale  Error 

Coding 


AU  Versioiis 


±1 
±0.5 

±5 

Binary 


Units 


Bits 

LSB  max 
LSB  max 
%  Gray  Scale  i 


Test  Conditions/Coniineiitt 

 W^'i- 


Guaranteed  Monotonic 

Max  Gray  Scale  Cazitat:  ■JfUgmfft^f  l2  flS2/Stser)  mA 

wiJm^?(yi^*9,mf^BT)  mA 

 ■  ■  TFT  ^ 

f'.';:;-  •  ■  ..iloiK'AA  r.. 

Vin  =  0.4Vot2.4V*'' •  '  •^  '"'•""^'V'  ■. 


DIGITAL  INPUTS 
'  Input  Higji  Voltage,  Vi^ni 
Input  Low  Voltage,  Vj^l 
Inpn  Current,  In^ 
Inpiut  Capacitance,  Cn^,^ 


2 

0.8 
±1 
10 


V  min 

V  max 
)iA  max 
pF  max 


ANALOG  OUTPUTS 
Gray  Scale  Current  Range 

Output  Current 
^niite  Levd  Relative  to  Blank 


15 
22 


mA  min 
mA 


Level  Relattve  to  Black 


Blank  tm^m  BOI^  3 

Blank  Lentf  m  IOi@ 

Sync  Level  on  ^6 

L^BSize 
DAC  to  DAC  Matching 
Output  Compliance,  Vqc 

Output  Impedance,  Rour^ 
Output  Capacitance,  Cqut' 


17.69 
20.40 
16.74 
18.50 
0.95 
1.90 
0 
50 
6.29 
9.5 

69.1 
2 

-1 
+  1.4 
100 
30 


mA  min 
mA  max 
mA  min 
mA  max 
mA  mih 
mA  max 
mA  min 
|xA  max 
mA  min 
mA  max 

pA  bAc  ' 
M-A  typ 
%  typ 
V  min 
Vma^ 
kfltyii 
"pPiBax 


Tyjscally  I9.0S  mA 
Typically  17.62  mA 
Typically  1.44  mA 
Typically  S  pA 
Typically  7.62  mA 
Typically  5 

4otJT  ^-  0,riiA 


xHIIOC 


VOLTAGE  REFERENCE 
Voltage  Reference  Range,  V^ 
Input  Current,  Ivref 


1.14/1.26 
+10 


Vmin/Vt 
(lAtyp 


Vref  =  1.23S  V  for  SpedfieAfcMMnima; 


POWER  REQUIREMENTS 


Power  Supidy  Rejectiim  Ratio 
Power  DWpation 


5 

125 
100 
0.S 
62S 
500 


V  nom 
mA  max 
mA  max 
%/%max 
mW  max 
mW  max 


Typically  80  mAfl80  MHz  Parts  ' 
Typically  70  mA:  50  MHz  &  35  MHz  Parts 
TypicaUy  0.12%/%:  f  =  1  kHz,  COMP  =  0.1  (i,F 
Typically  400  mW:  80  MHz  Parts 
Typically  350  mW:  50  MHz  &  30  MHz  Parts 


DYNAMIC  PERFORMANCE 
Glitch  Impulse^' ' 
DAC  Noise''  ^- " 
Analog  Output  Skew 


50 

200 

2 


pV  sees  typ 
pV  sees  typ 
ns  max 


Typically  1  ns 


NOTES 

'Temperature  Range  (T,^  to  T„^;  0  to  +70°C. 
^Sample  tested  at         to  ouuie  compliance. 

'TTL  input  values  are  0  to  3  volts,  with  input  lise^ll  times  £3  ns,  measured  between  the  10%  and  90%  points.  Tiniing  reference  points  at  50%  for  inputs  and 

outputs.  See  timing  notes  in  Figure  1 . 

^This  includes  effects  due  to  clock  and  dau  feedthmi|^  as  wcfl  as       anakg  crosstalk. 
Specifications  subiea  to  change  without  notice. 
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oUmwin  wiIbiL) 


80  MHz  Venion 

50  MHz  Venion 

30  MHz  Version 

Units 

CmditiMul&MifnHite 

80 

50 

30 

MHz  max 

QockR^ 

tl 

3 

6 

8 

ns  min 

Data  &  ContTifl  Setup  Time 

2 

2 

2 

ns  min 

Data  &  Control  Hold  Time 

u 

12.5 

20 

333;'  " 

ns  min 

Qock  Cycle  Time 

4 

7 

9  ' 

ns  min 

Clock  Pulse  Width  High  Time 

u 

A 

4 

/ 

o 

ns  min 

L*iocK  itiise  Wiain  low  lune 

30 

30 

30 

ns  max 

Analog  OiiQmt  Debv 

20 

20 

20 

ns  typ 

3 

3 

3 

SB  idu ; 

Amdoi  Oiiqnit  Rise/Fall  time 

12 

IS 

lis  typ 

'Aeulog  Output  Transition  Time 

NOTES 

'TTL  input  vBlues  are  0  to  3  volts,  with  input  rise/fall  timea  s3  nt,  measured  between  the  10%  and  90%  points.  Timing  reference  points  at  S0%  for  inputs  and 
outputs.  See  timing  notes  in  Figure  1. 
'Temperature  range  (T„^  to  T^);  0  to  +70X 
'Sample  tested  at  -t-2S°C  to  ensure  compliance. 
SpadficBkoa  aubjaci  lo  dunge  withnn  notice. 


CLOCK 


DIGITAL  INPUTS 
(R0-R7,  G0-G7,  B0-B7; 
SYNC,  BLANK, 
REF  WHITE) 


ANALOG  OUTPUTS 
(iOR,IOG,IOB.IsYNc) 


t1 

f  DATA 

/V- 


.^i  NOTES 

"  I  t.  OUTPUT  DELAY  (tg)  MEASURED  FROM  THE  50%  POINT  OF  THE  F<iSIHQ  EDGE  OF 

•  CLOCttfb  lip  50%  POINT  OF  FULL- SCALE  TRANSITION. 

v>  |nj  2.  TRANSITION  TIME  (to)  MEASURED  FROM  THE  50%  POINT  OF  FULL-SCALE 

»r,  fj!  TRANSITION  TO  WITHIN  2%  OF  THE  FINAL  OUTPUT  VALUE. 

3.  OUTPUT  RISE/FALL  TIME  (ty)  MEASURED  BETWEEN  THE  10%  AND  90%  POINTS 
OF  FULL  TRANSITION.  ~ 
.iH  -\  "  -  ■■ 

■■■•■^  Figure  i.  Video  Input/Output  Timing 


■  •   ■<■  'c. 
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Parameter 

Symbol 

Min 

Typ 

Max 

Units 

Power  Supply 

Vaa 

4.75 

5.00 

5.25 

Volts 

Ambient  Operating 

Temperature 

Ta 

0 

+  70 

°C 

Output  Load 

Ri, 

37.5 

a  . 

Rrfdl^  Voltage 

Vref 

1.14 

1.235 

1.26 

Vols 

ORDERING  GUIDE 


Model 

Speed 

Temperature 
Range 

Package 
Option^ 

ADV101KN80 

80  MHz 

0°C  to  +70°C 

N-40A 

ADV101KN50 

50  MHz 

0°C  to  +70°C 

N-40A 

ADV101KN30 

30  MHz 

0°C  to  +70°C 

N-40A 

ADV101KP80" 

80  MHz 

O-C  to  +70°C 

P-44A 

ADVIOIKPSO^ 

50  MHz 

0°C  to  +70«C 

P-44A 

ADV101KP30^ 

30  MHz 

o°cto  +70T; 

P-44A 

NOTES 

'N  =  Hastic  DIP;  P  =  Plastic  Leaded  Chip  Carrier  (PLCC). 
>PLOa  Pbnic  Lewled  adp  Cnner  a-lHri^ 


,  ilBSCH.UTEMiyaMlM  RATINGS*  .  -g. 

VAAtoGND  .  >;s'.  .  .  .^l .  .  .  .  .  .■■'.<'+7i^ 

Voltage  on  Any  Digital  Pin  GND  -0^5  V  to  V^a  +0.5  V 

Ambient  OperatiBg  Tfmpmmett,i^in^m?h-<)!k  p1^&7^ 
Storage  Temperature  (Tg)  .  ri  rrr-.     .  ;  i  ;  to-H5ffC 

Junction  Temperature  (Tj) .  .  .  .i  ...... ....  .  +175°e 

Soldering  Temperature  (10  sea)  |   300°C 

Vapor  Phase  Soldering  (1  minute)   ,  .  ^ .  .  .  220°C 

lOR,  lOB,  ICG,  IsYNc  to  GNI)'  .r.  .OVtoV^ 

NOTES 

*Stzcsses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
pennanent  damage  to  the  dence.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  Usted  in  the 
operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 

'Analog  output  short  circuit  to  any  power  supply  or  conunon  can  be  of  an 

vr-'ifanK      is  ami;  iiitv^  n»jsi        r*i»  f  m  Om  t-'i(tv  'ni  P"- 


'i.'rrij]*\' (w  j.ii'.iV'.T  i;j -  xii? 


CAUTION  

ESD  (dectiostatic  discliai^..saisitive  device.  The.  digital  control  inputs  are  diode  protected; 
howevra,  pennanent  dama^  may  c^cur  on  imcoimected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive.foam  or  shiuits.  The  protective..foam 
should  be  discharged  to  the  destination  socket  before  devices  are  inserted. 


PIN  CONFIGURATIONS 


04(7  • 

ta]^ 
n|T 

RSG 
R4[5 

bt|T 
«[7 

85  [? 
B4[T 
V„  |lO 
GND  [ll 
BO  [l2 
Bl  (u 
B2|l4 
B3[lS 
CtOCK|l6 
RO^ 
Rl^i 

B3[» 


DIP 


TOP  VIEW 
(Not  to  Scale) 


4q]  G5 
39]  G6 
m|g7 
BLANK 

35]  OND 

m]  iob 

33]  ICR 
32)100 
3l|  W 
x\  Vaa 
29]  GND 

2b|  fs  adjust 

^COMP 
is]  REF  WHITE 

m]  ai 

S]g2 
^01 

itjcn 


I 

"1 


'J  ,-  ' 


 CLOCK  £7 

RO  [T 
RI  [T 
R2  [10 
R3  [lT 
GO  [12 
G1  [« 

G3  ^ 
REF  WHITE  {li 

■  Cdiiip[i7 


PLCC 


TOP  VIEW 
(Not  to  Scale) 


Il8][l9j[al[2lj|fflj|23j|24j[aj[aj[27|[28] 
juzz::^::^  loooz 


»]b7 
X\  R6 

^o< 

ffi]  G6 
31]  G7 

5]_ 

»]sVliG 


ADV101 


Kn 

Mnemonic 


BLANK 


CLOCK 


REF  WHITE 


Rfr-R7, 

G0-G7, 

B0-B7 

lOR,  lOG,  lOB 


FS  ADJUST 


COMP 

Vref 


GND 


PIN  FUNCTION  DESCRIPTION 

Function 

Composite  blank  control  input  (TTL  compatible).  A  logic  zero  on  this  control  input  drives  the  analog  outputs,  lOR, 
IDE  and  lOG,  to  the  blanking  level.  The  BLANK  signal  is  latdied  on  the  rising  edge  of  CLOCK.  While  BLANK 
is  a  logical  zero,  the  R0-R7,  G0-G7,  R0-R7  and  REF  WHITE  pixel  and  control  inputs  are  ignored. 


Composite  sync  control  input  (TTL  compatible).  A  logical  zero  on  the  SYNC  input;  switches  off  a  40  IRE  current 
source  on  the  Isync  output.  SYNC  does  not  override  any  other  control  or  data  input,  therefore,  it  should  only  be 
asserted  during  the  blanking  interval.  SYNC  is  latched  on  the  rising  edge  of  CLOCK. 

Clock  input  (TTL  compatible).  The  rising  edge  of  CLOCK  latches  the  R0-R7,  G0-G7,  B0-B7,  SYNC,  BLANK 
and  REF  WHITE  pixel  and  control  inputs.  It  is  typically  the  pixel  dock  rate  of  the  video  system.  CLOCK  should 
be  driven  by  a  dedicated  TTL  buffer. 

Rdieccsce  viiaxe  control  input  (TTL  compatible).  A  logical  one  on  diis  input  forces  the  lOR,  lOG  and  lOB 
outputs  to  the  white  level,  regardless  of  the  pixel  input  data  (R0-R7,  G0-G7  and  B0-B7).  REF  WHITE  is 
latched  on  the  rising  edge  of  clock. 

Red,  green  and  blue  pixel  data  inputs  (TTL  compatible).  Pixel  data  is  latched  on  the  rising  edge  of  CLOCK.  RO, 
GO  and  BO  are  the  least  significant  data  bits.  Unused  pixel  data  inputs  should  be  connected  to  either  the  regular 
PCB  power  or  ground  plane. 

Red,  green  and  blue  current  outputs.  These  high  impedance  current  sources  are  capable  of  directly  driving 

a  doubly  terminated  75  O  coaxial  cable.  All  three  current  outputs  should  have  similar  output  loads  whether  or  not 

they  are  all  being  used. 

Sync  cunem  outpat.  This  high  impedance  cunem  source  can  be  directly  connected  to  the  lOG  output.  This 
allows  sjrnc  information  to  be  encoded  onto  the  green  channel.  Isync  (^oes  not  output  any  current  while  SYNC  is 
at  logical  zero.  The  amotmt  of  current  output  at  Isync  **ile  SYNC  is  at  logical  one  is  given  by: 

/sy«c  (mA)  =  3,4SS  x  V^^f  (V)/  Rset  W 

If  sync  information  is  not  required  on  the  green  chaimel,  Isync  should  be  connected  to  AGND. 

Full-scale  adjust  control.  A  resistor  (Rset)  connected  between  this  pin  and  GND,  controls  the  magnitude  of  the 
full-scale  video  signal.  Note  that  the  IRE  relationships  are  maintained,  regardless  of  the  full-scale  output  cuiient. 

Hie  rdationship  between  Rsbt  at"!  the  full-scale  output  current  on  IDG  (assuming  Isync  ^  connected  to  lOG)  is 
given  by: 

Rset  W  =  12,082  x         (V)/10G  (mA) 
The  relationship  between  Rset       the  full-scale  output  current  on  lOR  and  lOB  is  given  by: 

lOR,  lOB  (mA)  =  8,628  x  Vg^F  (VyRssrW 
Compensation  pin.  This  is  a  compensation  pin  for  the  internal  reference  amplifier.  A  0.1  iiF  ceramic  capacitor 

must  be  connected  between  COIVIP  and  V^^. 

Voltage  reference  input.  An  external  1.2  V  voltage  reference  must  be  connected  to  this  pin.  The  use  of  an 
external  resistor  divider  network  is  not  recommended.  A  0.1  ^P  decoupling  ceramic  capacitor  siiould  be  connected 
between  Vref  and  V^a- 

Aoakie  power  nin>ly  (S  V  £  SK).  All  V^a  pins  on  the  ADVIOl  must  be  connected. 
Ground.  All  GND  pins  must  be  connected. 
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FEATURES 

66IVIHZ  Pipelined  Operation 
Triple  8-Bit  D/A  Converters 
256x24  Color  Palette  RAM 
3x24  Overlay  Registers 
RS-343A/RS-170  Compatible  Outputs 
+SV  CMOS  Monolithic  Construction 
40-Pin  DIP  or  Small  44^ftn  PLCC  Package 
Power  Dissipation:  lOOOmW 

APPLICATIONS 

High  Resolution  Color  Graphics 
CAE/CAD/CAM  Applications 
Image  Processing 
Instrumentation 
Desktop  Publishing 

AVAILABLE  CLOCK  RATES 

66MHz 

40MHz 


GENERAL  DESCRIPTION 

The  ADV453  (ADV®)  is  a  complete  analog  video  output  RAM- 
DAC  on  a  single  monolithic  chip.  It  is  specifically  designed  for 
high  resolution  color  graphics  systems.  The  part  contains  a 
256x24  color  lookup  table,  a  3x24  overlay  palette  as  well  as 
triple  8-bit  video  D/A  converters.  The  ADV453  is  capable  of 
simultaneously  displaying  up  to  259  colors,  256  from  the  lookup 
table  and  three  from  the  overlay  registers,  out  of  a  total  color 
palette  of  16.8  million  addressable  colors. 

The  three  overlay  registers  allow  for  the  implementation  of  over- 
laying cursors,  pull  down  menus  and  grids.  There  is  an  indepen- 
dent, asynchronous  MPU  bus  which  allows  access  to  the  color 
lookup  table  without  affecting  the  input  of  video  data  via  the 
pixel  port.  The  ADV453  is  capable  of  generating  RGB  video 
output  signals  which  are  compatible  with  RS-343A  and  RS-170 
video  standards,  without  requiring  external  buffering. 

The  ADV453  is  fabricated  ia  a  +5V  CMOS  process.  Its  mono- 
lithic CMOS  construction  ensures  greater  functionality  with  low 
power  dissipation.  The  part  is  packaged  in  both  a  0.6",  40-pin 
DIP  and  a  44-pin  plastic  leaded  (J-lead)  chip  carrier,  PLCC. 

■■■  ■  1.         .'    -.)r.\  -lla-jcwr 


FUNCTIONAL  BLOCK  DIAGRAM 


V«A  FS  ADJUST  Vmf 


QNO  DO  D7  ^  HB  90r  CI  CO 


PRODUCT  HIGHLIGHTS 

1.  Fast  video  refresh  rate,  66MHz. 

2.  Compatible  •m&x  a  wide  variety  of  high  resolution  color 
.    g^pUss  ^tems  including  VGA*  and  Macintosh  II**. 

3.  Three  overlay  registers  allow  for  implementation  of  overlay- 
ing cursors,  pull  down  menus  and  grids. 

4.  Guaranteed  monotonic.  Integral  and  differential  nonlinearities 
guaranteed  to  be  a  maximum  of  ±1LSB. 

5.  Low  glitch  energy,  SOpV  sees. 


ADV  is  a  registered  trademark  of  Analog  Devices,  Inc. 
*VGA  is  a  tiadeniark  of  International  Business  Machines  Corp. 
**Macintosh  II  is  a  registered  trademark  of  Apple  Computer  Inc. 
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AnUAR^  QPPriPirATinNQ  (V„=+5V  ±5%,  V,„=  +1  235V,  RsE,  =  280n  ls,Hc  connected  to  106. 

nU  W*tUU       or  t U I  r  I Un  ■  l U IIO  ah  specifications  T„|„  to  T„„'  unless  othenwise  noted.) 


Parameter 

All  Versions 

Units 

Test  Conditions/Comments  . 

STATIC  PERFORMANCE 

I 

Resolution  (Each  DAC) 

8 

Bits 

Accuracy  (Each  DAC) 
Integral  Nonlinearity  „, 
Differential  Nonlinaj^^^"^ 

±1 
±1 

LSBmax 
LSB  max 

vniarantgea  Monffitflmc 

•ilAft  W*rtrt  Irte  •■  $  3-. 

Gray  Scale  Error 
Coding 

±5% 

Gray  Scale  max 
Binary 

DIGITAL  INPUTS 
Input  High  Voltage,  Vjnh 
Input  Low  Voltage,  Vjsi. 
Input  Current,  1^ 
Input  Capacitance,  Cj^ 

2 

0.8 
±  1 
10 

V  min 

V  max 
(lA  max 
pFtyp 

ewtEie'f^  :'"  '  > 
.  :r  t'j  o  .'.'l«(|<na3        :  ' 

DIGITAL  OUTPUTS 

Output  High  Voltage,  Vqh 
Output  Low  Voltage,  Vol 
Floating  State  Leakage  Current 
Floating  State  Output  Capacitance 

2.4 
0.4 
20 
20 

V  min 

V  max 
\iA  max 
pFtyp 

^souBCE  —  400jiA 
IsiNK  =  3.2mA 

ANAIaXt  UU 1  r  U 1  a 

„  j  i 

mA  min 
mA  max 

Gray  Scale  Current  Range 

15      '  ! 

LL 

Output  Current 
White  Level  Rdative  to  Blank 

17.69,, 
20.40 

mA  min 
mA  max 

Typically  19.05mA 

wnitc  L^vel  Keiative  to  isiacK 

I0./4 

18.50 

mA  min 
mA  max 

Typically  17.62n3A 

Black  Level  Relative  to  Blank 

A 

U.7J 

1.90 

mA 

mA  max 

Typically  1 .44niA 

Blank  Level  on  lOR,  lOB 

Til  1.  T  I  T/~^/^ 

Blank  Level  on  lOCj 

0 
50 
6.29 
8.96 

[lK  min 
(lA  max 
mA  min 
mA  max 

Typically  5p.A            '       ",  " 
lypicaliy  /.DZrnA 

Sync  Level  on  lOG 

0 
50 

p,A  min 
fjuA  max 

I, ^.i                 ■      1     ,      -■  -  ■ 

Typically  SixA 

LSB  Size 
DAC  to  DAC  Matching 
Output  Compliance,  Vqc 

69.1 
5 

-1 
+  1.4 

fiA  typ 
%  max 

V  min 

V  max 

Typically  2% 

Output  Impedance,  Rom- 
Output  Capacitance,  Cqut 

10 
30 

typ 

VOLTAGE  REFERENCE 

Voltage  Reference  Range,  Vrep 

1.14/1.26 

V  min/V  max 

Input  Current,  Ivref 

-5 

mA  typ 

POWER  SUPPLY 

Supply  Voltage,  V^a 
Supp^  Current,  I^a 

4.75/5.25 
275 

V  min/V  max 
laA  max 

Typically  220mA,  66MHz  Parts 

250 

mA  max 

Typically  190niA,  40MHz  Parts 

Power  Supply  Rejection  Bfltio 
Power  Dissipation 

0.5 
1375 

%/%  max 
mW  max 

Typically  0.12%/%,  f  =  IkHz,  COMP  =0.1|iF 
Typically  lOOOmW,  66MHz  Parts 

12S0 

mWmax 

Ty^cally  900mW,  40MHz  Parts 

DYNAMIC  PERFORMANCE 

Clock  and  Data  Feedthrong^^'^ 
Glitch  Impulse^'' 
DAC  to  DAC  Crosstalk 

-30 

50 

-23 

dB  typ 
pV  sees  typ 
dB  typ 

NOTE 

'Temperatuie  Range  (T^  to  T^;  0  to  +  70°C 

'TTL  input  values  are  0  io  3  volts,  with  input  rise/fall  times  £3ns,  measured  between  the  10%  and  90%  points.  Tuning  reference  points  at  50%  for  inputs  and 
ouqmn.  Analog  ouqnic  load  siOpF,  37.311.  D0-D7  ouqiut  load  sSOpP.  See  tuning  notes  in  Figure  2. 

%lodt  and  data  fisedthrough  is  a  fimctioD  of  the  amonm  of  oveidiooc  and  nndenhoot  on  the  digital  inputs.  For  this  test,  the  digital  inputs  have  a  Ifcn  resistqr 
to  ground  aod  anMw  hr        lagie.  QIU  inqnilse  mdude^  ,  ,  , 

SpecificatioMt  Stthjeet tP't^HiMjjB  ^ffiflift  hotiCfe^  .  ii!  laj^^^vja'*  nq-^.^  ^-at  i  .:■ 
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TIMING  CHARACTERISTICS^ 


(V„=  +5V  ±5%,  VREf=+ 1.235V,  Rje,  =  280n.  Ij, 
connected  to  106.  All  Specifications      to  T^^). 


Pftrameter 

OOMtlZ  VdSIOll 

4UAU1Z  Version 

Units 

Conditions/Comments 

66 

40 

MHz  max 

Clock  Rate 

ll 

35 

35 

ns  min 

CS,  CO,  CI  Setup  Time 

t2 

35 

35 

ns  min 

CS,  CO,  CI  Hold  Time 

t3 

25 

25' 

ns  min 

RD,  WR  High  Time 

t4 

10 

10 

ns  min 

RD  Asserted  to  Data  Bus  Driven 

t5 

100 

100 

ns  max 

RD  Asserted  to  Data  Valid 

«6 

15 

15 

ns  max 

RD  Negated  to  Data  Btis  Three  Stated 

«7 

SO  - 

50 

ns  min 

WR  Low  Time 

^ 

35 

ns  min 

Wcite  Data  S^p  Xm^ 
W^DaLHM'tisne.: 

:'0 

nsmin 

tio 

5 

7 

ns  min 

Paid  &  Control  Setup  Time 

tu 

2 

3 

ns  min 

Pixel  &  Conool  Hold  Time 

i,^  ' 

tl2 

15 

25 

ns  min 

Clock  Cyde  Time 

-  5  • 

nsmin 

Clock  Pube  WMth  Time 

tl4 

5 

7 

ns  min 

Clock  I^jbe^jidtii  Low  Time 

tl5 

20 

20 

ns  typ 

Analog  Ouq»it  Debiy 

'2    . i  < ' 

30 

30 

ns  max 

'tl6 

3' 

ns  typ 

Analog  ^tput  R&e/Fall  Time  . 

'   .  1 

hi'  ' 

25 

25 

Anakig^Outpiit  Settling  Time 

*PD 

2xt,j 

2xt,j 

.ns  max 

PipeUn^Dd^ 

1 

2 

1 

2 

ns  typ 
ns  max 

Analog  Ouqrat  Skew 

NOTES 

'TTL  input  values  are  0  to  3  vohs,  with  input  rise^all  times  s3n8,  measured  between  the  10%  and  90%  points.  Timing  reference  paints  at  50%  for  inputs  and 
ontpnts.  Analog  output  load  =£lOpF,  37.5fl.  E>0-D7  output  load  ^50pF.  See  timing  notes  in  Figure  2. 
temperature  Range  (T„,„  to  T„„);  0  to  +70°C. 

^Settling  lime  does  not  include  clock  and  data  feedthrough.  For  this  lest,  the  digital  inputs  have  a  Ikil  resistor  to  ground  and  are  driven  by  HC  logic. 
Specifications  sobjea  to  change  wichouc  aotiGis.  >  <  . 


CS,  CO,  C1 


%tore  J.  MPU  Read/Write  Timing 


PO-fT.  OL0-OL1 
SVNC.  BLANK 


2.  SrrrUNG  TIMElt^lMEASURErmiMipsmpCMITim^ 
TMNSmON  TO  m  OUTPUT  MlMiuMMSVilT^ 

3.  OUTPUT  RISE/FAU  TIME  It,,)  MEASURED  BETWEEN  THE  10%  AND  30%  POINTS 
OF  FlIU  SCALE  TRANSITION. 

Figure  2.  Video  If^mt/Ou^t  Wrninff' 
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Parameter 

Symbol 

Mln 

Typ 

Max 

Units 

"Power  Supply 

Vaa 

4.75 

5.00 

5.25 

Volts 

Ambient  Operating 

Temperature 

Ta 

0 

+  70 

°C 

Output  Load 

R,. 

37.5 

!! 

n 

Reference  Voltage 

Vref 

1.14 

1.235 

1.26 

Volts 

CAUTION  

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  i 
should  be  discharged  to  the  destination  socket  before  devices  are  inserted. 


ABSOLUTE  MAXIMUM  RATINGS* 

Vaa  »  GND   +7V 

Voltage  on  Any  Digital  Pin  Qm>  rO.SV  to  V^a  +0.5V 

Ambient  Operating  Temperatote  (Tx)  V't':  0  to  +70''C 

Storage  Temperature  (Tj)  -65°C  to  +150°C 

Jimction  Temperature  (T,)  +175°C 

Lead  Temperature  (Soldering,  10  sees)  ..  .  j  ......  .  +300°C 

Vapor  Phase  Soldering  (1  mimae)  . .  .         s'l'^.'  /.  .  .  +220°C 

lOR.  lOB,  lOG  to  GND'  ..;.<..  OV  to  Vaa 

.•jy-i  nxpuO  ^» 


NOTES 

*Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  hsted 
in  the  operational  aecttons  of  this.gpfrificariffn  ift  not  inqxlicd.  E^^kmiuc  to 
absolute  mairimmn  ratiiig  conditions  tor  gnwni^  periods  mqr  aScct  device 
reUabihty.  ^ 

'Analog  Output  Short  Circuit  to  any  FODCr  Siqigfjr  or  t^tH'^  caa  be  of  m 
indefimte  duration.  .|3>.  T.  ' 

I 


•  I  J  --/irti  ?a  itafc  f. 


PIN  CONFIGURATIONS 


,?IXC 


mmmmmmrareiisiBnisi 


ADV453  DIP 

TOP  VIEW 
(Not  to  ScalB) 


]  SYNC 


ORDERING  GUIDE 


J  M>V4«3PLCC 
IMot  to  Soatol 


[2jmaNteiyHi»iiisiuziii5j 

E  S  S  g  3  III  1  8  u  18 
la  '*  o 


Temperature 

Package 

Model 

Range 

Speed 

Option* 

ADV453KN66 

0°C  to 

+70°C 

66MHz 

N-40A 

ADV453KN40 

0°C  to 

+  70°C 

40MH2 

N-40A 

ADV453KP66 

0°Cto 

+70°C 

66MHz 

P-44A 

ADV453KF40 

(rcto 

40AfHz 

NOTES  ,  1 

*N  =  Plastic  DIP;  P  =  Plastic  Leaded  Chip  Carrier.  For  outlme 
information  see  Package  Information  section. 


^  lOB 

mJgnd 

»|gnd 

EI  V** 

m|  WR 
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PIN  FUNCTION  DESCKIPnON 


Pin 

Mnemonic  Fgndion 

BLANK  Composite  blank  ccmtrol  iqtia  (TTL  conqwtible).  A  logic  zero  on  this  control  input  drives  the  analog  outputs  to 

the  blanking  levd,  as  ^Mnm  in  Table  V.  The  BLANK  signal  is  latched  on  the  rising  edge  of  CLOCK.  While 
BLANK  is  at  logical  zero,  the  pixel  and  overlay  inputs  are  ignoied. 

SYNC  Composite  sync  control  input  (TTL  compatible).  A  logical  zero  on  Ae  SYNC  iiqiat  switches  off  a  40  IRE  current 

sotuxe  on  the  Igrnc  output  (see  Figure  S).  SYNC  does  not  override  any  other  control  or  data  input,  as  shown  in 
Table  V;  therefore,  it  should  only  be  asserted  during  the  blanking  interval.  SYNC  is  latched  on  the  rising  edge  of 
CLOCK. 

CLOCK  Clock  input  (TTL  compatible).  The  rising  edge  of  CLOCK  latches  the  P0-P7  and  OLO-OH  data  inputs  as  well 

as  the  SYNC  and  BLANK  control  inputs.  It  is  typically  the  pixel  clock  late  of  the  video  system.  CLOCK  should 

be  driven  by  a  dedicated  TTL  buffer. 
P0-P7  Pixel  select  inputs  (TTL  compatible).  These  inputs  specify,  on  a  pixel  basis,  which  one  of  the  256  entries  in  the 

color  palette  RAM  is  to  be  used  to  provide  color  information.  P0-P7  pixel  select  inputs  ate  latched  on  the  rising 

edge  of  CLOCK.  PO  is  the  LSB.  Unused  pixel  select  inputs  should  be  connected  to  GND. 
OLO-OLl  Overlay  select  inputs  (TTL  compatible).  These  inputs  specify  which  palette  is  to  be  used  to  provide  color 

information  (see  Table  IV),  i.e.,  the  256x24  color  palene  or  the  3x24  overlay  palette.  When  accessing  the 

overlay  palette,  the  P0-P7  inputs  are  ignored.  OLCMDLl  are  latched  on  the  rising  edge  of  CLOCK.  OLO  is  the 

LSB.  Unused  inputs  should  be  connected  to  GND. 
lOR,  lOG,  lOB     Red,  green,  and  blue  current  outputs.  These  hi^  impedance  current  sources  are  capable  of  directly  driving  a 

doubly  terminated  75(1  coaxial  cable,  as  shown  in  Figure  4a.  All  three  current  outputs  should  have  similar  output 

loads  whether  or  not  they  are  all  being  used. 
IgvKG  eunent  output.  TMs  ^gh  impedance  cnnent  source  eaa  be  direcdy  connected  to  &e  lOG  output  (see 

Figuw  3).  Thfa  allows  sync  information  to  be  oicoded  <mto  the  green  diannel.  Isync  (k>es  not  output  any  current 

«Me  SYNC  is  at  logical  zero.  The  amount  of  current  output  at  Isync  while  SYNC  is  at  logical  one  is  given  by: 
IsvNc  («ijA)=  1.728  *  VkepOO/ 

If  sync  infotmatkm  is  not  required  on  die  great  channel,  Isync  should  be  oonnecKd  to  GND. 
FS  ADJUST        FtaU  scale  adjust  controL  A  reastor  (Rsbt)  ctHmected  between  this  inn  and  GND  (see  Figure  6)  contnds  die 

magnitudeaftlie  full  scale  video  si^iaL  Note  that  the  IRE  rdationships  in  Figiue  5  are  maintained,  regardless  of 

the  full  scale  output  crnient. 

The  relationship  between  Rset  ""^  ^  ^  ^'^^  output  current  on  lOG  (assuming  Isync  i>  connected  to  lOG)  is 
given  by: 

lOG  (mA)  =  (K  +  326  +  1,728)  *  Vref(V)/Rset  W 
The  relationship  between  Rset  ^nd  the  full  scale  output  current  on  lOR  and  lOB  is  given  by: 
lOR,  lOB  (mA)  =  (K  +  326)*  V^EFOfy^sErW 
where  K  =  3,993 

COM?  Compensation  pin.  This  is  a  compensation  pin  for  the  internal  reference  amplifier.  A  0.l\x.F  ceramic  capacitor 

must  be  coimected  between  COMP  and  V^^  (Figure  6). 
Vkbf  Voltage  reference  input.  An  external  1.23SV  voltage  reference  must  be  connected  to  this  pin.  The  use  of  an 

external  resistor  divider  network  is  not  recommoided.  A  0.1|jlF  decoupling  ceramic  capacitor  should  be  connected 

between  Vkef  ""d  ^aa  (Figure  6.) 
Vaa  Analog  pown  supidy  (SV±S%).  All  V^a  P<ns  on  die  ADV4S3  must  be  connected. 

GND  Anabig  ground.  All  GND  pins  must  be  connected. 

CS  diip  select  control  input  (TTL  compatible).  CS  must  be  at  logical  zero  to  enable  the  reading  and  writing  of  data 

to  and  £rom  the  device.  The  lOR,  lOG  and  lOB  outputs  are  forced  to  the  black  level  while  CS  is  at  logical  zero. 
Note  that  the  ADV453  will  not  operate  properly  if  CS,  RD  and  WK  are  simultaneously  at  logical  zero. 

WK  Write  control  input  (TTL  compatible).  CS  and  WK  must  both  be  at  logical  zero  when  writing  data  to  the  device. 
  D0-D7  data  is  latched  on  the  rising  edge  of  WR  or  CS.  See  Figure  1. 

RD  Read  control  input  (TTL  compatible).  CS  and  RD  must  botii  be  at  logical  zero  when  reading  data  from  the 

device.  See  Figure  1. 

CO,  CI  Command  control  inputs  (TTL  compatible).  CO  and  CI  specify  the  type  of  read  or  write  operation  being  carried 

out,  i.e.,  address  register,  color  palette  RAM  or  overlay  registers  read  or  write  operations.  See  Tables  I,  II,  III. 

D0-D7  Data  bus  (TTL  compatible).  Data  is  transferred  to  and  from  the  address  register,  the  color  palette  RAM  and  the 

overlay  roisters  over  this  8-bit  bidirectional  data  bus.  DO  is  the  least  significant  bit. 
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ANALOG 
DEVICES 


CMOS  100  MHz  True-Color  Graphics 
Triple  8-Bit  Video  RAM-DAC 


ADV473^ 


FEATURES  1  ■ 

MiVimtADiVm  worn)  Rei^tsr  Ufri  Compatible 
TBfMTW«»,^?©R«33«SAi^Cetnp«miei  

100  Mlb!  I^lihed  Operation 

Triple  S^Bit  D/A  CSonveiters 

Tripto  ZSS  X  8ji(^,if  a^^or  falatte  RAM     ^ . 

Thnn  IS  x.|  Overlap  Ri^^a^  ;  ' 
-dl^BMNl  Voltage  liaferenee-  —  

^•3«^VRS-170  Compatible  Analog  Outputs 

TTL  Compatible  ra^Ml  ln|inH«Hcl(Hitputs 

Syne  en  AH  Tlirra  (Hhye^  >"■■  - 

Programmable  Pedestal  (0  or  7.5  IRE) 

Standard  MPU  I/O  Interface 

+5  V  CMOS  Monolithic  Construction 

68-Pin  PLCC  «r 

APPUCATIONS  ,,  , 

t4igh  Resolution  Color  (3rir0tfl<» 
Tru»<€elor  Visualization 
CAE/OID/CAM  " 

imaS"  Processing  '-^  *%  w«  ' 

Desktop  Publishing  *'      g- , 

i-  FUNCfr»N, 


MOD^ 

24-Blt  True  Color 
8-Bit  Pseuao  Coldr 
15-Bit  T4iie  Color 
8-Bit  True  Color 


SPEED  GRADES 
100  MHz 
80  Mlfe 
66  MHz 

50MHz;3SMi^ 


%LOi 


GENERAL  DESCRIPTION 

The  AtW473  is  k  canplete  analog  output,  Video  RAM-DAC 
on  a  single  CMOS  monoUtliic  chip.  The  part  is  specifically 

designed  for  true-color  computer  graphics  systems. 

The  ADV473  integrates  a  number  of  graphic  functions  onto  one 
device  allowing  24-bit  direct  true-color  operation  at  the  maxi- 
mum sfteen  update  rate  of  100  MHz.  It  can  also  be  used  in 
other  modes,  including  15-bit  true  color  and  8-bit  pseudo  or 
indexed  color.  The  ADV473  is  fully  PS/2  and  VGA  register 
level  compatible.  It  is  ^Jj^  capable  of  implementii^  IBM's,  XGA 
standard. 

The  device  consists  of  three,  high  speed,  8-bit,  video  D/A  con- 
verters (RGB),  a  256  x  24  RAM  which  can  be  configured  as  a 

(CgaditUed  on  page[^  2-808) 


SYNC 
BLANK 


B7  H 


CLOCKO 


'  ^  -•'  %  w 


' HEF  Vref  VrefOUT 


r 


MODE  CONTROL 
REGISTERS 
I 


VOLTAGE 
REFERENCE 


•O  OPA 
•6  COMP 


HPU&  PIXEL 
PORT 
COHTnOL  LOGIC 


ADV473 


'  I  o— 6-^  6  6 

D0-B7  RD   WR  RSO  RSI  RS! 

*PcTs<mal  Sjstran/Z  Old  VGA  an!  im^<Md»  itf  IirtniiMiia^  . :  .l- 

This.  j)<ifo.rtX!^on  ^m^m  to  )a>  proijust  unfte^^stoprnent.  Its.  eharsctsristics  and  spie^tficatians  .are  subject  to  change  without  iiiojiGe. 
Analog  Devices  assumes  tip  obligation  regarding  future^manufaeture  unless  otherwise  agreed  t(>tn  writing. 
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STATIC  PERFORMANCE 

Resolution  (Each  DAC) 
I  Accuracy  (Each  DAC) 
I      Integral  Nonlinearity 
'~    Diiferential  Nonlinearity 
Gray  Scale  Error 
Coding 


It 

8 

±1 
±1 
±5 


Bits 

LSBmax 
LSB  max 
%  Gray  Scale 


DIGITAL  INPUTS 
Input  Higb  Voltage,  Vom 
Iiqmt  Low  Voltage,  V^-^ 
Input  Current,  Iq, 
Input  Capacitance,  Coi 


2 

0.8 
±1 
7 


V  min 

V  max 
(lA  max 
pF  max 


Vm  =  0.4  V  or  2.4  V 
f=  1  MHz,  V„  =  2.4  V 


DIGITAt,  OUTPUTS 
OuQiiBt  iagh  Voltage,  Vqh 
Ouqmt  Low  Voltage,  Vql   "   '  "  ' 
FloMing-StBte  Leakage  Current 
Floating-State  Leakage  Capacitance 


2.4 

0.4 
50 
7 


Vmin 
Vmax 
|jlA  max 
pF  max 


^SOURCE  "  400  fxA 
IsiNK  =  3.2  mA 


ANALOG  OUTPUTS 
Gray  Scale  Current  Range 
Output  Current 
White  Level  Relative  to  Black 

Black  Level  Relative  to  Blank 
(Pedestal  =  7.5  IRE) 

Black  Level  Relative  to  Blank 
^edetal  =  %  IRE) 

Blank  Lwd 


Sync  Level 

LSB  Size 
DAC-to-DAC  t^mjum.' 
Output  Complitnoej  V^jg 


Output  Capacitance,  Cqut 
Output  Impedance,  Rout 


VOLTAGE  ^£l^R£NCE 
Internal  Voltage  Reference  (Vk^pout) 
External  Voltae^:  Reference  Range 
Input  Current,  Ivkep  (Internal  Reference) 
Input  Current  External  Refermce) 


20 


mA  max 


30  pF  max 
kn  typ 


Typically  17.62  mA 
^pically  1.44  mA 
Typically  5  (lA 
Typica%  TMmk 


TypicaUjr.SlISa. 


Typically  2%  , 

i  I 

1  MHz,  lour  ~  0  mA" 


1.08/1.32 
1.14/1.26 
100 
10 


V  oan/V  max 

V  ttan/V  max 
liAtyp 
(lAtyp 


TypicaUy  1.235  V 
Typically  1.235  V 


POWER  SUPPLY 
Supply  Voltage,  V^a 

Sup{dy  CuASnt,  Iaa 


4.75/5.25 
4.50/5.50 
220 


V  min/V  max 

V  min/V  max 
m  A  max 


100  MHz,  80  MHz  and  66  MHz  Parts 
SO  MH^  and  35  MHz  Parts 


DYNAMIC  PERFORMANCE 
Qock  and  Data  Feedthrough'" 
Glitch  Impulse'-  ■* 
DAC-to-DAC  Crosstalk' 


-30 


75 


-23 


dB  typ 

pV  sees  typ 
dB  typ 


NOTES  ■  _   

'±5%  for  100  MHz,  80  MHz  and  66  MHz  parts.  ±  10%  for  50  MHz  and  35  MHz  parts. 
'Temperature  lange  (Tmin  to  Tmax);  0°C  to  +70°C. 

'Qock  and  data  feedthrough  is  a  function  of  the  amount  of  overshoot  and  undershoot  on  the  digital  inputs.  Glitch  impulse  includes  dock  and  data  feedlhiough. 
*TTL  input  values  are  0  to  3  volts,  with  input  rise/fall  times  £3  ns,  measured  at  the  10%  and  90%  points.  Timing  reference  points  at  50%^  inputs  and  out- 
puts. 

^DAC  to  DAC  Crosstalk  is  measured  by  hokling  one  DAC  high  while  the  other  two  are  making  low  to  *^jci;/*]^  h'gb.*T  '"^.TTIPli^iHBihMii  hawajj  .w  ■  V' 
^wyffiratiom aoftject Ife i^^yS  lUlti^ li^fej.  .^lo^arrf  _    <«k^>       K*3!t  fcti*.-  ;i>*o.-,i      AiJV  Fir*  i  js*  'iZ  .t£t  - 


This  Information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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IHHina  bnfllwIviUCIdl  IbO  Ml  specifications  Tmin  to      unless  otiieniise  noted.) 


100  MHz 

80  MHz 

66  MHz 

so  MHz 

35  MHz 

Units 

Version 

Version 

Version 

Version 

Version 

Conditions/Comments 

faux.' 

100 

80 

66 

SO 

3S 

MHz 

Clock  Rate 

t_ 

H 

10 

10 

10 

10 

10 

ns  min 

RS0-RS2  Setun  Time 

10 

io 

1  10 

10 

10 

ns  nun 

KSA-KS2  Hold  Unw 

^3 

3 

3 

3 

3 

3 

ns  min 

RD  Asserted  to  Data  Bus  Thriven 

t.« 

40 

40 

40 

40 

40 

RD  Asserted  to  Datfl  Valid 

t.' 

20 

20 

20 

20 

20 

ns  ni3x 

RD  Negated  to  Data  Bus  3-Stated. 

•«   

5 

5 

5 

5 

5 

RpaH  Dnta  HnlH  Timf* 

t, 
*7 

10 

10 

10 

10 

10 

ns  mm 

Write  Datfl  5i^in  Time 

** 

10 

10 

10 

10 

10 

ns  min 

Write  Data  Hold  Tixro 

t. 
*9 

100 

100 

100 

100 

100 

ns  msx 

CRO-HR?  DelflVTitne 

HO 

so 

'-  50  ' 

so 

so 

50 

WP  PiilM  iS^irltfi  T  mv 

i\j->5  w  ix  r^iuse  vv  luui  i_ajw 

'11 

40 

40 

40 

40 

40 

tl2 

3 

3 

3 

3 

3 

ns  min 

Pixel  &  Control  Setup  Time 

tl3 

3 

3 

3 

3 

ns  min 

Pixel  &  Control  HM  Twm 

tl4 

10 

12.5 

i8 

ns  min 

Qock  Cycle  Time 

tl5 

3 

4 

i7 

ns  niin 

Oock  Poise  Width  High  Tiite 

tl6 

3 

"   6  ^''^ 

''■9 

ns  min 

Clock  Pulse  Width  Low  Tjb^ 

tl7 

30 

30 

30 

ns  max 

Analog  Output  Delay 

tl8 

3 

3  ^ 

3 

3 

3 

ns  typ 

Analog  Output  Rise/Fall  Time 

'19 

13 

13 

13 

13 

ns  max 

Analog  Output  Settling  Time 

tsK 

2 

2 

2 

2 

2 

ns  max 

Analog  Output  Skew 

tpD 

4  X  t,4 

4  X  ti4 

4Xti4 

4  X  t„ 

ns 

Pipeline  Delay 

pojntt  at  S0%  for  iqmix  and 


NOTES'  -J. 
'TTL  input  values  are  0  to  3  volts,  with  input  rise/fall  times     3  ns,  measured  between  the  10%  and  90%  poinls.  Tndng  I 
outputs.  Analog  output  load  '  10  pF,  D0-D7  output  load  ■  50  pF.  See  timing  notes  in  Flgnie  2. 
^±5%  for  100  MHz,  80  MHz  and  66  MHz  para.  ±10%  for  30  MHz  and  3S  MHz  para. 
TrjimiaiBiie  lange         to  TuAx)i      to  +TVC  ':  ^  • 

*t,  and  t4  are  meaaurad  whh  die  load  dioiit    Figmc  3  ami  defined  n  die  tone  icqaind  fw 

't,  and  t«  aie  derived  ftom  llie  measured  time  taken  by  the  data  outputs  to  change  by  O.S  V  wbmlowledvlAifaecMiiitof  Hgore  3.  tliemeasaied'ttEBfi&eris 
then  extrapolated  back  to  remove  the  effects  of  charging  the  50  pF  capacitor.  This  means  that  the  tiidai,  ^  ibdl^^iocedin  Ae  dniingtiiaiacteriati£^ai£'^ 
true  values  for  die  device  and,  as  such,  are  independent  of  external  bus  loading  capadODoes. 

^Settling  liaie  does  not  include  clock  and  data  I 

S^ndficadons  subject  to  change  without  notice. 


ctncK 

B»«7, 

0U»U,SIW1, 
SYNC,  BLANK 


1.  OUTI>UTDEL*VIIE«aumDFIIOIITHES0%POWraFTHEn 

EDQEOPCtOCKlO  THeS0«PCINTOFFUU..SCALEmMiaifRNfe.  ' 
Z  86TnjNOTagWEASUBEPF110WTH£SO%POIMTOFRnifaca^P. 


tRAMBfllbHTOTHE  0U1PUT  REHWNMQ  WUHN  ±1  UB. 

:  Sjmmiiirau.npin^RBBEiviEBi'niEin 
»      '  '   'i       -u  wd  Bs«Tit>  iwj  jifr        -aifu  wjCf        iiro  -  ■ 

Figure  1.  MPU  BBad/Wmmi^Hl^ti*ruM>»ilo^i^m,  Wdeb  MfimKJmimi'^mlnffi 


•Figures.  LemeKSrmitTfam^s 
Aeeass  and  Raltnqaii^  TWne 


This  iQlDrinaQon  appliss  to  a .prQdu94ind!nd«{^j||inn|sri^  te^charactertetifs  jS^,4sp9<»fications,ai^subject  to  change  without  notice. 
Analog  Devices  assumes  not  it#lig8tiQn  ragaicKiw  (utwie^nufachire  unless ojhenmse  agreed  to  in  writina- 
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DIGITAL-TO-ANALOG CONVBRTERS  2-S07 


RECOMMENDED  OPERATING  CONDITIONS 


'  Symbol  -  ' 

Min 

TVD 

Mil-'  '  ■ 

Power  Supply 

Vaa 

100  MHz,  80  MHz,  66  MHz  Parts 

4.75 

5.00 

5.25 

Volts 

50  MHz,  35  MHz  rarts 

j.W 

5.5 

Volts 

Ambient  Operating  Temperature 

0  ; 

+70 

°c 

Output  Load 

.  37.5 

ft 

Voltage  Reference  CbnfiguiatiQn 

ot 

Reference  Voltage 

Vu2p 

1.14 

1.235 

IM 

Volts 

Ourent  Kerareoce  Configurfttion 

Ik£p  Current 

Iref 

Snndaid  RS-343A 

-3 

-8.39 

-10 

mA 

rS/2  Compatible 

-3 

-8.88 

-10  , 

mA 

ABSCH.UTE  MAXIMUM  RATINGS'  , 

Vaa»GND  7V 

Voltage  on  Any  Distal  Pm  GND-0.5  V  to  V^a+O.S  V 

Ambient  Operating  Tempraature  (T*)  -55°C  to  +125°C 

Storage  Temperature  (Ts)  -65°C  to  +150''C 

Junction  Temperature  (Tj)  +  175°C 

Lead  Temperature  (Soldering,  10  sees)  +300°C 

Vapor  Phase  Soldering  (2  minutes)  +220°C 

lOR,  lOG,  lOB  to  GND^  0  V  to  V^a 

NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  "iQflrr"  S^y  cata^- 
pennaneht  damage  to  the  devke.  This  is  a  stress  ""'mny^M^  fty^hfil 

operation  of  the  device  at  these'orany  other  conditions  iiljijB  tl|t|iMiiri1  in  the- 
operational  sections  of  this  specification  is  not  implied.  Expbstire  to  absohite 
mavimnm  rating  conditions  for  extended  periods  may  affect  device  reliabilit\', 
^Analog  output  short  circuit  to  any  power  supply  or  commjn  ^  be  c£^^ 

V  ^ 

ORDERING  GUIDE       *  Wlk 


tfN  CONnGURA-nON 


g  I  <  < 


7rmn^mmmi5iFiisiisiiaisii«iR 


Oc 


Temperature 

No.  of 

Package 

Model 

Speed 

Range 

Fins 

Option'-  ^ 

ADV473KP100 

100  MHz 

0°C  to  +70°C 

68 

P-68A 

ADV473KP80 

80  MHZ 

O^C  to  +70°C 

68 

P-68A 

ADV473KP66 

66  MHZ 

0°C  to  +70°C 

68 

P-68A 

ADV473KP50 

50  MHz 

0°C  to  +70''C 

68 

P-68A 

ADV473KP35 

35  MHz 

0°C  to  +70°C 

68 

P-68A 

RSO 
RSI 


ADV473 

•  TOP  VIEW 


'All  devices  are  packaged  in  a  68.pin  plastic  leaded  G-^ead)  chq>  carrier. 
'P  =  Plastic  Leaded  Oiqi  Canier.  For  ontliiie  iuliiuiuiliiMi  ice  Package 
Infotmadon  sectkm. 

CAUTION  ^  

BSD  (eleoroMatic  disdiarge)  sensitive  deMcei-TIie  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  imconnected  devices  subject  to  higb  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shimts.  The  protective  foam 
should  be  discharged  to  the  destination  socket  before  devices  are  inserted. 


'H|i.||a||3o||3i||a|WNl3ilWIWI«H3.lkll.,lkl|«| 


^  G7 
3  06 

»|  GS 
g]  G4 
x|  G3 
k|  G2 
m|  G1 
^  GO 
m|  R7 
5l]  R6 
»|  R5 
w|  R4 
u]  R3 
47]  R2 
^  RI 
45]  RO 
3  Vrerjut 


WARNING! 


(Continued  from  page  2-80S) 

look-up  table  or  a  linearization  RAM,  a  24-bit  wide  parallel 
pixel  input  port  and  three  IS  x  8  overlay  registers.  The  part  is 
controlled  through  the  MPU  port  by  the  various  on-board  con- 
trol/command registers. 

The  individual  red,  green  and  blue  pixel  input  ports  allow  true- 
color,  image  rendition.  True-color  image  rendition,  at  speeds  of 
up  to  100  MHz,  is  achieved  through  the  24-bit  pixel  input  pott. 
The  ADV473  Is  also  capable  of  implementing  8-bit  tnie-oolor, 
8-lnt  pseii&  eeSm  agA  tSMt  froe  odor. 


The  ADV473  is  capable  of  generating  RGB  video  output  signals, 
without  requiring  external  buffering,  and  which  are  compatible 
with  RS-343A  and  RS-170  video  sl}mdaids7  AU<i^i^n^att  ' 
and  outputs  are  TTL  compatible. 

The  part  can  be  driven  by  the  on-board  voltage  reference  or  an 
external  voltage/cuirent  reference..     ..  .-^^  j'  .t.   /  9  jij,  . 

The  part  is  packaged  in  a  68-pin  Fbslie  Leaded  Oi^  Canier 
ffLCC). 


This  Informatibti  applies  a'fiftiiliiSt'under  developrn^ilit.  Its  cHaractiaristics  iivd'ii^^tsifit^fiohs  aF»«Jbje<t  fb 
Analog  Devices  assumes  nd^'obltgalion  regarding  ftjtuf^  manufacture  iirtless  otheiV^ise  i^rsed  to  lii  writing.  - 
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PIN  FUNCTION  DESCRIPTION 


BLANK 


CLOCK 


-Sa-RT  

B0-B7_ 

QfttG??. -7/.''  ' 
SOf  ^V'  ■-<■ 

.jbo!.'  ix.-ih  . 
VM,  lOG,  JOB 


COMP 


CPA 


RSO,  RSI,  RS2 


Red,  Gieen  and  Blue  S^^ect  Inputs  (TTL  Compatible). 
'6i!Wtg31cr^i)ACs'.'  Th»r  are  latched  on  the  rising 


Composite  Blank  Contml  Igptit  (TTL  Compatible).  A  lope  zero  drives  the  ai»log  outputs  to  the  blanking  level. 
It  is  latched  on  the  rising  edgeWCSJOC^.  When  BLMJK  is  a  logiesl  '^m^  tfie  pixel  and  overlay  iiqjuts  are-  < 
ligl^Qied,.. 

MOODiqpiiiiite  SYNC  Control  Input  (TTL  Compatible).  A  logical  zero  on  this  input  switches  off  a  40  IRE  current 
source  on  the  analog  outputs.  SYNC  does  not  override  any  other  control  or  data  input;  therefore,  it  should  be 
asserted  only  during  the  blanking  interval.  It  is  latched  on  the  rising  e^ge  Of  CLOCK.  If  s^c  infitiimatittt  is  not 
required  on  the  analog  outputs,  SYNC  should  be  connected  to  ground. 

Clock  Input  (TTL  Compatible).  The  rising  edge  of  CLOCK  latches  the  R0-R7,  G0-G7,  SO,  SI,  OL0-OL3, 
SYNC,  and  BLANK  inputs.  It  is  typically  the  pixel  clock  rate  of  the  video  system.  It  is  xecomQiended  that 
CiiOCK  )Se  ^ven  by  a  d^eated  TTL  buffer. 

,  These  inputs  spec^,  on  a  pixel  basis,  the  (plot  ^ue'to 
.  Th^  a^e  latched  on  the  rising  edge  of  CLOCK.  RO,  GO  and  BO  are  the  LSBs.  tfaf^ 
inputs  shoutdibfeiGOBttected  to  GN0. 

Color  Mode-S^ed  Inputs  (TTL  Cknpatible).  These  inputs  specify  tl^  mode  of  operation  as  shown  hx  TalMe:^III. 
-They  are  latched  on  the  rising  edge  of  CLOCK.  ffef 

^Overlay  Select  Inputs  (TTL  Compatible).  These  mputs  specify  which  palette  is  to  be  used  to  provide  color 
inform^itioni  S^ien  accessij^'the  cAreriay  palerte,  the  R0-R7,  G0-G7,  B0-B7,  SO  and  SI  inputs  soe  ignored.  They 
.  are  ktchedrwlie  rising  edge'of  CLOCK.  OLO  is  the  LSB.  Unuse^  inputs  should  be  connected  to.  GrMQ. 
Red,  Green,  and  Blue  Current  Outputs.  These  hif^  tt]]edanc^|url%tmuioes  aie  c^bk  of  directly  deM%  # 
doubly  terminated  75  fl  coaxial  cable.  '  "      ;•«»■  « JS* 

When  using  an  external  voltage  reference,  a  resistor  (Rsbt)  connected  between  this  pin  and  GND  controls  the 
magnitude  of  the  full-scale  video  signal.  The  rela^weh^  between  Rse^-  and  the  full-scale  output  current  on  each 
output  is:  ^ 

RsET  (O)  =  3,195  X  Vref  (V)/Io0t  (mAT  SEMJP^.5  IRE) 

RsET  (fi5  -  3,025  X  Vref  (V)/Iout  ('"A)    SETUP  =  0  IRE) 

TOT,  ^ 

When  usmg  an  external  current  reference,  the  rdationship  between  Ir^f  ^nd  the  full-scale  output  current  on  each 
output  is: 

Iref  (mA)  =  louT  (mA)/3.195    (SETUP  =  7.5  IRE) 

Iref  (niA)  =  louT  (mA)/3.025    (SETUP  =  0  IRE) 
Compensation  Pin.  If  an  external  voltage  reference  is  used,  this  pin  should  be  coimected  to  OPA.  If  an  external 
current  reference  is  used,  this  pin  should  be  connected  to  If^.  A  0.1  \iF  cexmac  capacitor  must  always  be  used 
to  bypass  this  pin  to  V^a- 

Voltage  Reference  Input.  If  an  external  voltage  reference  is  used,  it  must  supply  this  input  with  a  1.2  V  (typical) 
reference.  If  an  external  ciurrent  reference  is  used,  this  pin  should  be  left  floating,  except  for  the  bypass  capacitor. 
A  0.1  jiF  ceramic  capacitor  must  always  be  used  to  decouple  this  input  to  V^a. 

Reference  amplifier  output.  If  an  external  voltage  reference  is  used,  this  pin  must  be  connected  to  COiWP.  When 
using  an  external  current  reference,  this  pin  should  be  left  floating. 

Voltage  Reference  Output.  This  output  provides  a  1.2  V  reference  and  may  be  coimected  directly  to  the  Vj,^ 
pin.  If  it  is  preferred  to  use  an  external  T«dl^;e  le&xence,  fllis  pin  m^  be  Irft  Ikm&ag.  tip  to  fbsir  A&^^TSs'-'&li 
be  driven  from  Vrefout-  v  ^.       -■  .         .  ■' 

Analog  power.  All  Vaa  pins  must  be  ctifliS^cted,        '  Ij  ' 

Analog  Ground.  All  GND  pins  must  be  connected. 

Write  Control  Input  (TTL  Compatible).  d6-D7  data  is  tatdiBd  Ontlte  rising  edge  of  WR,  and  RSa-RS2  are 
latched  on  the  falling  edge  of  WR  di^^J^PU  write  operations.  RD  and  WR  should  not  be  asserted 
simultaneously.  , , 

Read  Control.Input  (TTL  Compatible).  To  read  data  from  the  device,  RD  must  be  a  logical  zero.  RS0-RS2  are 
latched  on  the  falHng  edge  of  RD  durii%  MPU  read  operations.  RD  and  WR  should  not  be  asserted 
simultaneously. 

Register  Select  Inputs  (TTL  Compatible^  RS0-RS2  specify  the  type  of  read  or  write  operation  being  performed. 
Data  Bus  (TTL  Compatible).  Data  is  ^i^^ni  into  and  out  of  the  device  over  this  eight-bit  bidirectional  data 
bus.  DO  is  the  least  significant  bit. 

Control  Outputs  (TTL  Compatible).  These  outputs  are  used  to  control  application  specific  features.  The  output 
values  are  determined  by  the  contents  of  the  command  register  (CR). 


This  information  applies  to  a  Rrp?l"Bt  yndeir  dgyejopmsnt.  Its  chara^ristips  and  spepifications  ac^s  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherw^lse  agreed  to  in  writing. 
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maiTAL-TO-ANALOG  CONVERTERS  2^-809 


TERMINOLOGY 
BLANKING  LEVEL 


The  level  separating  the  SYNC  portion  from  the  video  portion 
of  the  waveform.  Usually  referred  to  as  the  front  porch  or  tnc^ 
porch.  At  0  IRE  units,  it  is  the  level  which  will  shut  off  ' 
tare  mbe,  resulting  in  the  blackest  possible  picture. 

COLOR  VIDEO  (RGB) 

This  usually  refers  to  the  technique  of  combining  the  three  pri- 
mary colors  of  red,  green  and  blue  to  produce  color  pictures 
within  the  usual  spectrum.  In  RGB  monitors,  tbiiee  DACs  are 
required,  one  for  each  color. 


COMPOSITE  SYNC  SIGNAL  (SYNC)         ,  .,  ^ 

The  position  of  the  con^a;^'  VidtBO  tiigik^l^^^^ya^clp^ajji. 

the  scanning  process.  -- 

COMPOSITE  VIDEO  SIGNAL 

The  video  signal  with  or  without  setup,  plus  die  composite 
SYNC  signal. 

GRAYSGAI^-'  ^  ■    '  ■ 

The  discrete  levels  of  vitteo'signal.between  reference  black  and 
reference  white  levels.  An  8-bit  DAC  contains  256  different  lev- 
els while  a  6-bit  DAC  contains  64. 

RASTER  SCAN 

The  most  basic  mediod  of  sweeping  a 
generate  and  to  display  images. 

REFERENCE  BLACK  LEVEL 

The  maximum  negative  polarity  amplitude  of  the 

REFERENCE  WHITE  LEVEL 

The  maximum  poffltive  pd^t^  amplitude  of  the  video  agniil. 

noli  Jltno  liM9iiqB>  ainfs-t->:i  -'  'i  '  0  A  ._f.^t  ^  tatx 

SETUP 

The  difference  between  the  reference  black  level  and  the  blank- 
ing level. 


CIRCUIT  DESCRIPTION 

MPU  Interface 

The  ADV473  supports  a  standard  MPU  bus  interface,  allowing 
the  MPU  direct  access  to  the  color  palette  RAM  and  overlay 
coU>r Registers. 

Three  address  decode  lines,  RS0-RS2,  specify  whether  the 
MPU  is  accessing  the  address  register,  the  color  palette  RAM, 
the  overlay  registers,  or  read  mask  register.  These  controls  also 
determine  whether  this  access  is  a  read  or  write  function.  Table 
I  illustrates  this  decoding.  The  8-bit  address  register  is  used  to 
address  the  contents  of  the  color  palette  RAM  and  overly    -  j 
registers. 

T«UeL  OnlnlloiMirinwlfc  Table 


RSO 


AddiessedbyMFU 


Address  Register  (RAM  Write  Mode).  ' 
Address  Register  (RAM  Read  ; 


Color  PtimM  KAM 
^  ,J>xel  R^  j^^,S^ster 


^diessi&n^aKNPie^  Write  Mode) 
AddiessIil^iMeript«at%  Read  Mode) 
Overlay  Registos  .;>■ , 

Command  Register 


SYNC  LEVEL  

The  peak  level  of  the  composite  SYNC  signal. 

VIDEO  SIGNAL 

That  portion  of  the  composite  video  signal  which  varies  in  gray 
scale  levels  between  reference  white  and  reference  black.  Also 
referred  to  as  the  picture  signal,  this  is  the  portion  which  may 
be  visually  observed. 


Writes  to  the  address  register  (selecting  RAM  write 
52  =  0,  RSI  =  0  and  RSO  =  0)  with  the  address  of  the 
[ette  RAM  location  to  be  modified.  The  MPU  performs 
£ree  successive  write  cycles  (8  or  6  bits  each  of  red,  green,  and 
blue),  using  R^RS2  to  select  the  color  palette  RAM  (RS2  = 
RSI  =  0,  RSO  =  1).  After  the  BLUE  write  cycle,  the  three 
of  color  information  are  concatenated  into  a  24-bit  word  or 
an  18-bit  word  and  written  to  the  location  specified  by  the 
address  register.  The  address  register  then  increments  to  the 
next  location  which  the  MPU  may  modify  by  simply  writing 
another  sequence  of  red,  green,  and  blue  data.  A  complete  set  of 
colors  can  be  loaded  into  the  palette  by  initially  writing  the  start 
address  and  then  performing  a  sequence  of  RED,  GREEN  and 
BLUE  writes.  The  address  automatically  increments  to  the  next 
highest  location  after  a  BLUE  write. 

Color  Palette  Reads 

The  MPU  writes  to  the  address  register  (selecting  RAM  read 
mode,  RS2  =  0,  RSI  =  1  and  RSO  =  1)  with  the  address  of  the 
color  palette  RAM  location  to  be  read  back.  The  contents  of  the 
palene  RAM  are  copied  to  the  RED,  GREEN  and  BLUE  regis- 
ters and  the  address  register  increments  to  point  to  the  next  pal- 
ette RAM  location.  The  MPU  then  performs  three  successive 
read  cycles  (8  or  6  bits  each  of  red,  green,  and  blue),  using 
RS0-RS2  to  select  the  color  palette  RAM  (RS2  =  0,  RSI  =  0, 
RSO  =  1).  After  the  BLUE  read  cycle,  the  24/18  bit  contents  of 
the  palette  RAM  at  the  location  specified  by  the  address  register 
is  loaded  into  the  RED,  GREEN  and  BLUE  registers.  The 
address  register  then  increments  to  the  next  location  which  the 
iSPV  can  read  back  by  simply  reading  another  sequence  of  red, 
green>  and  blue  data.  A  complete  set  of  colors  can  be  read  back 
from  the  palette  by  initially  writing  the  start  address  and  tlien 
peifonning  a  sequence  of  RED,  GREEN  and  BLUE  f^j^^^- 
address  automatically  increments  to  the  next  hi^iest  Ib^m 
after  a  BLUE  read. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  cliange  without  notice. 
Ariaiag'E»Mli*S'itt!Butoesrr^  ■ 
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1^.  J^^lwiis  Itegister  ^ADDR)  Operation 


Value 

RS2 

RSI 

RSO 

Addressed  by  MFU 

ADDRa,b  (Counts  Modulo  3) 

00 

X 

0 

Red  Value 

01 

X 

0 

Green  Value 

10 

X 

0 

Blue  Value 

AODRO-7  (Counts  Binaiy) 

OOH-FFH 

0 

0 

Color  Palette  RAM 

XXXXOOOO 

0 

Reserved 

XXXXOOOl 

0 

Overlay  Color  1 

•    :H     '          '  ■  i.- 

XXXXOOlO 

0 

Overlay  Color  2 

JSSXSLIUI 

0 

Overlay  Color  IS 

Overlay  Color  Writes 

The  MPU  writes  to  the  address  register  (selecting  OVERLAY 
REGISTER  write  mode,  RS2  =  1,  RSI  =  0  and  RSO  =  0)  with 
the  address  of  the  overlay  register  to  be  modified.  The  MPU 
performs  three  successive  write  cycles  (8  or  6  bits  each  of  red, 
green,  and  blue),  using  RS0-RS2  to  select  the  Overlay  Registers 
(RS2  =  1,  RSI  =  0,  RSO  =  1).  After  the  BLUE  write  cycle,  the 
three  bytes  of  color  information  are  concatenated  into  a  24-bit 
word  or  an  18-bit  word  and  are  written  to  the  overlay  register 
specified  by  the  address  register.  The  address  register  then 
increments  to  the  next  overlay  register  which  the  MPU  may 
modiiy  by  simply  writing  another  se^0nixhl  red^Mkan§ 
blue  data.  A  complete  set  of  colors  call  be  IpafMf  iS^^^nr- 
lay  registers  by  initially  writing  the  start  addie^^dlRn  per- 
fotnung  8  sequence  of  RED,  GREEN  and  BLUpwrites.  The  ^ 
ad^BBmtnniiificglly  jrtBrements  to  tfie^iKSt  hi^iest  Idcatioii  v 
after  a&VE'Wiitt.  '  ' 

Overlay  Color  Reads 

The  MPU  writes  to  the  address  register  (selecting  OVERLAY 
REGISTER  read  mode,  RS2  =  1,  RSI  =  1  and  RSO  =  1)  with 
the  address  of  the  overlay  roister  to  be  read  back.  The  contents 
of  the  overlay  register  i&i  ee^^M'to  tfiie  SED|'  QREEN  aad  ~ 
BLUE  te^sttxs  and  the  adtess  w^mc  incrteents  to  point  to 
the  next  hi^iett  ovetttg^  i^ta.  Hie  MPU  then  performs  three 
successive  read  cycles    or  6  bits  each  of  red,  green,  and  blue), 
uaiBgRSO  -  RS2  to  adect  the  Ovi^nlf^^'^^  p  1,  RSI 
=  0,  RSO  »  1).  Mtee  Ae  K.U^^ai  ^»!^^^4/l8  bit  dm- 
tero  of  die  aweri^  t^wer  at  ilwrtWft^^ 
tion  is  Intded  into  the  RED,  ORE^«%ia^BI9QB'^i&as.  'jbe 
adibcss  register  then  increments  to  the  next  owrlay  register 

the  MPU  can  read  back  by  simply  reading  anotlier 
sequence  of  red,  green,  and  blue  data.  A  compete  set  of  colors 
can  be  read  back  from  the  overlay  registers     initially  writing 
the  start  address  and  then  performing  a  sequence  of  RED, 
GREEN  and  BLUE  reads.  The  address  automatically  incre- 
ments to  the  next  highest  location  after  a  BLUE  read. 

Intenial  Address  Register  (ADDR)  [_ 

When  accessing  the  color  palette  RAM,  the  address  register  i 

resets  to  OOH  following  a  blue  read  or  write  cycle  to  RAM  hxat  I 

tion  FFH.  When  accesring  the  ovol^  color  roisters,  the 

address  i^^ter  iaaetB^is  jBAmbfg  a  btae  iei4^  writ?  (gtsslf^^^,,,^^., 


However,  while -^leasing  the  overlay  color  registers,  the  four 
most  signi^^Kbits  (since  there  are  only  15  overlay  registers^  of 
the  adA|ga^%r  (ADDR4-7)  are  ignored. 

To  l^eAn^  of  ^e  red,  green,  and  blue  read/write  cycles,'  tbe 
address  register  h%two  additional  bits  (ADDRa,  ADDRb)  that 
count  modulo  t^^^s  shown  in  Table  II.  They  are  reset  to 
zero  when  the  MKl  writes  to  the  address  register,  and  are  not 
reset  to  zero  when  Ae-MFU  reads  the  address  register.  The 
MPU  does  not  have  access  to  these  bits.  The  other  eight  bits  of 
the  address  register,  incremented  following  a  blue  read  or  write 
cycle,  (ADDRO-7)  are  accessible  to  the  MPU,  and  are  used  to 
address  color  palette  RAM  locations  and  overlay  registers,  as 
shown  m  Table  II.  ADDRO  is  the  LSB  when  the  MPU  is 
accessmg  the  RAM  or  overlay  registers.  The  MPU  may  read  the 
address  register  at  any  time  without  modifying  its  contents  or 
the  ezistBig  read/write  mode. 

Synchronization 

The  MPU  interface  operates  asynchronously  to  the  pixel  port. 
Data  transfers  between  the  color  palette  RAM/overlay  registers 
and  the  color  registers  (R,  G,  and  B  as  shown  in  the  block  dia- 
gram) are  synchronized  by  internal  logic,  and  occur  in  the 
period  between  MPU  accesses.  The  MPU  can  be  accessed  at  any 
time,  even  when  the.pixel  CLOCK  is  stopped. 

»-imm  Cdhn  Operation 

The  Command  Register  on  die  ADV473  specifies  whetha  the 
MFU  is  reading/writing  8  hits  or  6  bits  of  color  information  each 
cy«te. 

F<i  8-bit  operation,  DO  is  the  LSB  and  D7  is  the  MSB. 

F<»  6-bit  operation,  color  data  is  contained  on  the  lower  six  bits 
of  the  data  bus,  with  DO  being  the  LSB  and  D5  the  MSB  of 
color  data.  When  writing  color  data,  D6  and  D7  are  ignored. 
During  color  read  cycles,  D6  and  D7  will  be  a  logical  "0."  It 
should  be  noted  that  when  the  ADV473  is  in  6-bit  mode,  full- 
scale  output  current  will  be  reduced  by  approximately  1.5%  rel- 
ative to  the  8-bit  mode.  This  is  the  case  since  the  2  LSBs  of 
each  of  the  three  DACs  are  always  set  to  zero  in  6-bit  mode. 


J^ig  io^ri^tion  applies  to  a.  product  binder  dey^loprpent.  Its  characteristics  aitd  specifit^tiqns,  are  subject  to  change  without  notice. 
Analog  bevices'assumes  jfo  p1>1igati9n' regard  manufacture  unless  otherwise  a^gieeq  to  iii  writing. 
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isicr  IS  o  oils  wiuc,  v^i/-\^a/  auu  »  uuci^uy  uutppcu  LU  lllC 
MPU  data  bus  on  the  part,  D0-D7.  The  command  register  can 
bfe  written  to  or  read  from.  It  is  not  initialized,  therefore  it  must 
be  set.  Figure  4  shows  what  each  bit  of  the  CR  register  controls 
and  shows  the  values  it  must  be  programmed  to  for  various 
modes  of  opeiatian.  , 


mode  of  operation  is  determined  by  the  SO  and  SI  inputs,  in 
conjunction  with  CR7  and  CR6  of  the  command  roister.  SO  and 
^;  SI  me  pipdined  to  maintain  synchBBnizatkm  wMt  die  video 
/  data,  TaUe  III  ilhistiates  the  modes  of  qienition. 


Tablem.  Color  Operatkni  Mftdes 


OL3-OL0 

SI,  so 

CR7,  CR6 

I^7-R0 

G7-G0 

B7-B0 

1111 

XX 

XX 

Overiay  Cokir  IS - 

$xx 

$XX 

$XX 

0001 

XX 

XX 

Overlay  Color  1 

$xx 

$xx 

$xx 

0000 

OOOO^  ' 

dooo  •  ' 

0000 

00 

oo 

00 

00 

00 
01 
10 

11 

24-Bit  True-Color 
24-Bit  TrU6^or 
•  24-Bit  True-Color 

Reserved 

R7-R0 
R7-R0 

Resided 

G7-G0 
G7-<j0 
G7-G0 
Reserved 

B7-B0 
B7-B0 
B7-B0 
Reserved 

0000 
0000 
0000 
0000 

01 
01 
01 
01 

00 
01 
10 

11 

24-Bit  True-Clolor  Bypass  ^ 

24-Bit  True-Clolor  Bypass 

24-Bit  True-C;olor  Bysam 

Reserved                % » 
  -T  ... 

R7-R0 
R7-R0 
R7-R0 
Reserved 

G7-G0 
G7-G0 
G7-G0 
Reserved 

B7-B0 
B7-B0 
B7-B0 
Reserved 

0000 
0000 
0000 
0000  ,. 

10 
10 
10 
10 

00 
01 

8-pit  Pseudocolor  (Red) 
|-Bit  %udo  Color  (Greenj 

jijHlit  PseudoC^olor  (Blue) 

f%?Bit  True  Color               ^  ^ 

P7-P0 
Ignored 
Ignored 
l^orrrrrgg 

Ignored 
P7-P0 
Ignored 
gggbbbbb 

Ignored 
Ignored 
P7-P0 
Ignored 

0000 
0000 
0000 
0000 

11 
11 
11 
11 

00  % 

01 

10 

11 

.Ji*tt  True-Color  Bypass  (Re^ 
' "  ifeBitJ^ue-Color  Bypass  (Green) 
%it'^e<>>li|'%a|t»be) , 

rrrgggbb 
Ignored 
Ignored 
Oi'iiirgg 

Ignored 
rrrgggbb 
Ignored 
gggbbbbb 

Ignored 
Ignored 
rrrgggbb 
Ignored 

(  CRT  ~CR6~)  (CRS)  (CR4)  (  CR3  CR2 


CR1  CRO") 


CbllOR  MODE 
SELECT 

4  ^.fMUUI) 


PEDESTAL  ENABLE 

CONTROL  (SETUP) 

CR5 

0 

OIRE 

1 

7.5  IRE 

CONTROL  OUTPUTS 


THESE  BITS  ARE  OUTPUT 
ONTO  THE  CR3-CR0  PINS 


8-BIT/6-BiT 
COLOR  SELECT 

CR4 

0 
1 

6-BlT 
8-BIT 

Figure  4,  Command  Register  (CR) 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to'i^^^^^thitfu^nbtioe. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing.  ' 
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T^wenty-four  bits  of  KGB  color  iitformation  may-  ]je  input  into 
tbe  ADV473  every  clock  qide.  The  24  bits  of  pi«l,i]ifotmation 
are  input  via  the  R0-R7,  G0-G7,  and  B0-B7  inputs:>^0-R7 
address  the  red  color  palette  RAM,  G0-G7  address  tm^  green 
color  palette  RAM,  and  60-B7  address  the  blue  color  palette 
RAM.  Each  RAM  provides  8  bits  of  color  information  to  the 
corresponding  D/A  converter.  The  pixel  read  mask  register  is 
used  in  this  mode.  : 

24-Bit  True-Color  Bypass  Mode 

Twenty-four  bits  of  pixel  information  may  be  input  into  the 
ADV473  every  clock  cycle.  The  24  bits  of  pixel  information  are 
input  via  the  R0-R7,  G0-G7,  and  B0-B7  inputs.  R0-R7  drive 
the  red  DAC  directly,  G0-G7  drive  the  -green  DAC  directly,  and 
B0-B7  drive  the  blue  DAC  directly.  The  color  palette  RAMs 
and  pixel  read  mask  register  are  bypassed. 

8-Bit  Pseudo-Color  Mode 

Eight  bits  of  pixel  information  may  be  input  into  the  ADV473 
every  clock  cycle.  The  8  bits  of  pixel  information  (P0-P7)  are 
input  via  the  R0-R7,  G0-G7  or  B0-B7  inputs,  as  specified  by 
CR7  and  CR6.  All  three  color  palette  RAMs  are  addressed  by 
the  same  8  bits  of  pixel  data  (P0-P7).  Each  RAM  provides  8 
bits  of  color  information  to  the  corresponding  D/A  converter 
The  pixel  read  mask  register  is  used  in  this  mode. 

8-Bit  True-Color  Bypass  Mode 

Eight  bits  of  pixel  information  may  be  input  into  the  ADV473i 
every  clock  cycle.  The  8  bits  of  pixeMnformg^m  ^  input  via 
the  R0-R7,  G0-G7  or  B0^7  mputs,  as  spe^ld  t||l0R7  and 
CR6.  » 


Table  IV.  8-Bit  True-Color  Bypass  Video  Input  Format 


G0-G7 

InpSf.^: 

i  Inpitts 

Selected 

Selected 

Selected 

Format 

R7 

G7 

B7 

R7 

R6 

G6 

B6 

R6 

RS 

G5 

B5 

R5 

R4 

G4 

B4 

G7 

G3 

B3 

G6 

m 

G2 

B2 

G5 

Rl 

Gl 

Bl 

B7 

m 

GO 

BO 

B6 

Ma.  semi  M  iie  tabte,  3  bits  t$  red,  3  Uis  of  pern,  and  2  bits  of 
W»  data  ace  ^ut>  The  B  Jl^E^  ^  the  red  imd  green  DACs  are 
d^en  dreetly  by  &i6  inputs,  vAile  &e  2  MS6s  M  th»  bliK 
DAC  are  driven  directly.  The  5  LSBs  for  the  red  mxigcem 
DACs,  and  the  6  LSBs  for  the  blue  DAC,  are  a  logisal  arad. 
The  color  palette  RAMs  and  pixel  read  mask  r^ter  are 


every  clock  cycle.  The  15  bits  of  pixel  information  (5  bits  of 
red,  5  bits  of  green,  and  S  bits  of  blue)  are  input  via  the  R0-R7 
and  G0-G7  inputs.  r 

Table  V.  15>-Bit  Tme-Colm  Video  Input  Format 


pgtl:nb^>'the  in 


Ihpot 

Inputs  '• 

FOTkum 

m  ■■ 

0 

R7 

R5 

R6 

R4 

R5 

R3 

R4 

R2 

R3 

Rl 

G7 

RO 

G6 

G7 

05 

G6 

G4 

G5 

G3 

'  04 

B7 

B6 

G2 

BS 

6i 

B4 

GO  ■  ■ 

B3 

ri^%d(,^pben,  and  blue  DACs  are  driven 
!  inputs.  TbeB'LSBs  are  a  logical  zero.  Hie  color 
!te  RAMis  aad  pixel  read  mask  register  are  bypassed. 

Overlays 

The  overlay  inputs,  OL0-OL3,  have  priority  regardless  of  the 
color  mode  as  shown  in  Table  III. 

Pixel  Read  Mask  Register 

The  8-bit  pixel  read  mask  register  is  implemented  as  three  8-bit 
pixel  read  mask  registers,  one  each  for  the  R0-R7,  G0-G7,  and 
B0-B7  inputs.  When  writing  to  the  pixel  read  mask  register,  the 
same  data  is  written  to  all  three  registers.  The  read  mask  regis- 
ters are  located  just  before  the  color  palette  RAMs.  Thus,  they 
are  used  only  in  the  24-bit  true-color  and  8-bit  pseudo-color 
modes  since  these  are  the  only  modes  that  use  the  color  palette 
RAMs. 

The  contents  of  the  pixel  read  mask  register,  which  may  be 
accessed  by  the  MPU  at  any  time,  are  bit-wise  logically  ANDed 
with  the  8-bit  inputs  prior  to  addressing  the  color  palette 
RAMs.  Bit  DO  of  the  pixel  read  mask  register  corresponds  to 
pixel  input  PO  (RO,  GO,  or  BO  depending  on  the  mode).  Bit  DO 
also  corresponds  to  data  bus  Bit  DO. 


This  information  appMaste  a-product  under  development.  Its  characteristics  and  speGiflcatibhs  are  subject  t<>  change  without  notice. 
Analog  Devices  assumes; no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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ADV473 


\  ••  mS  jrf!  !Sr^  U  jIII  •its  1 


9.05 


7Sa  DOUBLY-TERMINATED, LOAD, SETUP>:7.S IRE, VReF=1.23SV,RsETFH0Q 
RS-343SLEWELSANOTOLERANCESASSUMED  ON  ALLLXVHS;  '  ' 


"0 

3d 

0 


if 


f^um'^  Composite  Videii  Ckftpt/t  Waveform  (Setup  =  T..5  IRE) 
Table  VI.  Video  Output  Truth  TablJs  (Setup  =  7.5  IRE) 


Description 


Iqut 


WHITE 
DATA 

DATA-SYNC 
BLACK 


26.67 
I  Data+9.05 
Data +1.44 
9,05 


BLANK  ^.6: 
•  SYNC  0 


Wnc 


BLANK 


biput  Data 


FFH 
Data 
Data 
OdH 
OOH 
XXH 


NOTE 

Typical  with  fuU-scale  lOR,  lOG,  lOB  =  26.67  mA,  SETUP  =  7.5  IRE, 
Vref  =  1.235  V,  RsBT  =  140  H.  External  voltage  or  cuiicnt  reference  . 
adjusted  for  26.67  mA  full-scale  output. 


WHITE  LEVEL 


BLACK  LEVEL 
BLANK  LEVEL 


SYNC  LEVEL 


rc-oa 


■rj 


00 


V'.l  '  fit!.'  .'I  5h■l;>■it^'.  1  i  >.li. 


Thj^iirtf  ocmeaitwi  aj^Mw  to-^tii^oeluct  ufiAst^evAlopiimit-;  Its  iim»e^^\mm4i^f^fiemim>s  «wi.su|#ee  t»<s%ppvM^thQMt  notice. 
Analog  Devices  aseumes;ni»<»l&IMallQ«iPpr^ftafl iiJtuj%iljsnM^^  ;s.-„v.  ':  • 


v^i4  mmmmiammmmmmmmm 


ADV473 


MA 

V 

25.24 

0.950 

7.62 

0.286 

0^ 

AMD 

WHITE  tev^ 


BLACK/BLANK 
LEVEL 


SYNC  LEVEL 


TSa  DaUBLT-IBWMATED  LOAD,  SETUP  :  0  ME,  Vgcf  :1.235  V,  Rser*1«K> 
li»a4MLB/aiS  AND  TOLERANCES  ASSUIKD  ON  ALL  LEVELS. 


figure  6.  Composite  Video  Output  Waveform  (S^jk'  =  0  IRE) 
TabU  yn.  Video  Output  Truth  Tafafe^ETUP  =  0  QtE) 


3Mh 

i 


Description 

WHITE 
DATA 

DATA^YNC 
BLACK 

BLACK-SYNC 
BLANK 
SYNC 


^AC 


Data 


FFH 
Data 

Data 
OOH 
OOH 
XXH 
XXH 


NOTE 

Typical  with  fuU-sol*  lOR,  ICXjTIOB  =  25  J4  mA,  SETUP  =  0  IRE,  V„ 
=  1.235  V,        =  140  (I.  Extenul  voltage  or  corrent  reference  adjusted  for 

26.67  mA  full-scale  output. 


PC  BOARD  LAYOUT  CONSIDERATIONS 

The  layout  should  be  optimized  for  lowest  noise  on  the  ADV473 
power  and  ground  lines  by  shielding  the  digital  inputs  and  pro- 
viding good  decoupling.  The  lead  length  between  groups  of  V^a 
and  GND  pins  tliould.be  minimized  so  as  to  minimize  inductive 

GfMmd  Planes 

The  ground  plane  should  encompass  all  ADV473  ground  pins, 
current/voltage  reference  circuitry,  power  supply  bypass  dr-  ^ 
cuitry  for  the  ADV473,  the  analog  output  traces,  and  all  the 
digital  signal  traces  leading  up  to  the  ADV473.  ' : 


The  ADV473  and  any  a^e^Ue^mie^^&miitm^^d  haye  its 
own  poi^lilme',  laoieOa  aTlb  aiiag  j^sH^  pSSe.  This 
po^  p^ne.  should  be  coniie(^e<yo,^|(yMtejPCB  power 
plane  (Vcc)  at  a  single  point  thioq^a  fiSe  bead,  as  illiis-  - 
Mcd  in  Rgiues  7,  8  and  9.  This  bead  dnold  be  located  within 
litm  iaOm  of  the  ADV473. 

The  PCB  power  plane  should  provide  power  to  all  digital  logic 
on  the  PC  board,  and  the  analog  power  plane  should  provide 
power  to  all  ADV473  power  lass  and  cuiientAraltage  reference 
dtcuitty. 


Plane-to-plane  noise  coupling  can  be  reduced  by  ensuring  that 
portions  of  the  regular  PCB  power  and  ground  planes  do  not 
overlay  portions  of  the  analog  power  plane,  unless  they  can  be 
arranged  such  that  the  planerto-plane  noise  is  common  mode. 

Snifiridr  DecoqpGng 

FoTiiiAinuun  performance,  bypass  capacitors  should  be  installed 
using  Ae  shortest  leads  possible,  consistent  with  reliable  opera--  . 
tion,  to  reduce  the  lead  inductance.  Best  performance  is 
obtained  with  a  0.1  ^.F  ceramic  capacitor  decoupling  each  of  the 
two  npiips  of  Vaa  pins  to  GND.  These  capacitors  should  be 
]dwra  as  dose  as  possible  to  td£  ' 

It  is  important  to  note  that  while  the  ADV473  contains  circuitry 
to  reject  power  supply  noise,  this  rejection  decreases  with  fre- 
quency. If  a  high  frequency  switching  power  supply  is  used,  the 
designer  should  pay  dose  attention  to  reducing  power  supply 
noise  and  diotdd  consider  using  a  thiee-terni^pl  voltage  le^iula-  . 
tor  for  supplying  power  to  the  analog  power  plane.  ' 


T^is  inform^tipsi  vi^^  to  a  product  under  development.  Hs  oharacteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future.manutaclura  unless  othehiyise  agreed  tOsin  writing. 
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ine  digital  inputs  to  me  AU\t/3  snoma  oe  isolated  as  inucii  as 
possible  from  the  analog  outputs  and  othec  an^os.circuiKy^  

Also,  these  mtmt  mmn^  ^mM  Bm.'^^^0wm^i!§.0«t^ 

plane. 

Due  to  the  high  clock  rates  involved,  long  clock  Itoes  ItoAl^ 
ADV473  should  be  avoided  to  reduce  noise  pickup. 

Any  active  termination  resistors  for  the  digital  inputs  should  be 
connected  to  the  regular  PCB  power  plane  (VccOj      not  to  the 
analog  power  pl^^M**^^*   ^  X_ 


I  (FERRITE  BEAD) 

H-or- 


■  *5V(Vcc) 


♦5V(Vcc) 


COMPONENT 

DESCRIPnON 

VENOOt  PART  NUMBER 

C1-C5 

0.1  ^F  CERAMIC  CAPACITOR 

ERIE  RPE112Z5U104M90V 

06 

10^F  TANTALUM  CAPACITOR 

MALLORY  CSRiaOIOSKH 

LI 

FERRITE  BEAD^ 

FAIR-RITE  2743001111 

R1,  R2,  R3 

7Sa  l%Ma^aFILM  RESISTOR 

DALE  CMF 

RsET 

1  %  ME^' mj^REaSTOR 

a/  Connection  Diagram  (Internal  Voltage 


C1-C5 

6> 

LI 

R1,  R2,  R3 
R4 
RsET 
21 


0.1|iF  CERAMIC  CAPACITOR 
10|lF  TANTALUM  CAPACITOR 
FERRITE  BEAD 

7SQ 1%  METAL  FILM  RESISTOR 
IkQ  5%  RESISTOR 
1%  METAL  FILM  RESISTOR 
1.23V  VOLTAGE  REFERENCE 


'E1^5U104M§p 
IRYC 
FAlMffi.2 
DALE  CMF 


rcsRijMtgfiLt. 


Figure  7.  Typical  Connection  Diagram  (External  VoftSffs 
Reference) 

Aaalo^S^il' lafeicoiiiiect 

The"AE>V473'ihbuld  be  located  as  close  as  possible  to  the  out- 
put c<i^S^<Si^  to'itM^^'iB^  0^^0'md  refiectiolis  due  to 
impedance  mismatch. 

The  video  output  signals  should  overlay  the  ground  plane,  and 
not  the  analog  power  plane,  to  maximize  the  high  frequency 
power  supply  rejection.  ' 

For  maximum  performance,  the  analog  outputs  should  each 
have  a  75  (1  load  resistor  connected  to  GND.  The  connection 
between  the  current  output  and  GND  should  be  as  close  as  pos- 
sible to  the  ADV473  to  minimize  reflections. 

For  more  information  on  circuit  board  design  and  layout,  see 
application  note  entitled  "Design  and  Layout  of  a  Video  Graph- 
ics System  for  Reduced  EMI"  available  from  Analog  Devices, 
PubHcMion"Jlo.  E1309-IS-10/89.  ,' 


+SV(Vcc) 


©RGB 
VIDEO 
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COMPONENT 

DESCRIPTION 

VENDOR  PART  NUMBER 

CI  -C5 

0.1|lF  CERAMIC  CAPACITOR 

ERIE  RPE112Z5U104M50V 

06 

IIMFTANTALUM  OAPACrrOR 

MUXORY  csRisoioaKM 

C7,'C8 

1)liF  TANTALUM  CAPACITOR 

M^kLlkORY  CSHlSeiMiKM 

LI 

FERRITE  BEAD 

FAIR-RITE  2743001111  t 

R1,R2,  R3 

75C!  1%  METAL  FILM  RESISTOR 

DALE  CMF 

Z1 

ADJUSTABLE  REGULATOR 

LM317LZ 

1%  METAL  FIBURESISrOR  r 

Figure  9.  Typi(^  I^Mnoction  Diagram  (External  Current 
Reference)' '''  "' 

ji:.  >i  v;  ...J  >:'_f  i  i^j  ■  '?  ■»,!•;  t  , 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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REV.  0 


Color  Palette  RAM-DAC 


FEATURES 

Personal  Systeni/2*  and  VGA*  CompatibI* 

Plug-in  Replacement  for  INMOS  171/176 

66MHz  Pipelined  Operation 

Three  6-Bit  D/A  Converters 

256x18  Color  Palette  RAM 

RS-343A/RS-170  Compatible  Outputs 

Blank  on  All  Three  Channeb 

Standard  MPU  Interface 

Asynchronous  Access  to  All  Internal  RegistMS 

+5V  CMOS  Monolithic  Construction 

Low  Power  Dissipation 

Standard  28-Pin.  0.6*  DIP  and  44-Pin  PLCC 

-AmiCAIIONS  

Mgh  Ihwohitioii  Color  Graphics 
CAE/CAO/<MM  Apiiiiniions  ^ 
Image  Processing 
Instrumentation 
Desktop  Publishing 

AVAILABLE  CLOCK  RATES 

66MHz 

SOMHz 

35Mllz 

WN&Ktt.  OESCRIPnON 

Hie  A9@VI76  (ADV*)  is  a  pin  onnpatible  and  saftware  compati- 
ble RAM-DAC  designed  ipedfically  for  VGA  and  Personal  Sys- 
tran/2 cdra  graphics. 

The  ADV476  is  a  complete  analog  output  RAM-DAC  on  a  sin- 
gle monolithic  chip.  The  part  contains  a  2S6x  18  color  lookup 
tdde,  a  pinl  mask  roister  as  well  as  a  triple  6-bit  video  D/A 
eonverter.  Hie  ADV476  is  capable  of  simultaneously  displaying 
ve  to  ^  ookss,  fiom  a  total  aka  palette  of  262,144  address- 
aUe  colors. 

The  on-chip  asynchronous  MPU  bus  allows  access  to  the  color 
lookup  table  without  affecting  the  input  video  data  via  the  pixel 
port.  The  pixel  read  mask  register  provides  a  convenient  way  of 
altering  the  displayed  colors  without  updating  the  color  lookup 
taMe.  The  ADV476  is  capable  of  generating  RGB  video  output 
signals  which  are  compatible  with  RS-343A  and  RS-170  video 
standards,  without  requiring  external  buffering. 

The  ADV476  is  fabricated  in  a  +5V  CMOS  process.  Its  mono- 
lithic CMOS  construction  ensures  greater  functionality  with  low 
power  dissipation  and  small  board  area.  The  part  is  packaged  in 
a  0.6",  28-i«i  DIP  and  a  44-irin  PLCC. 

Tmonal  Systanfl  aad  VQA  an  tndannto  c^tMnurikkal  BadBcw 
MaehiBcsCap. 

J1>V  i«  s  mlMend  tadawfe  of  Aaabi  Dnien,  lae. 


 ADV476 

FUNCTIONAL  BLQCK  DIAGRAM 


Vqq  IreF 


V„iaNDI  DO        D7  RD  WR  RSO  RS1 


PRODUCT  HIGHLIGHTS 

1.  Standard  video  refresh  rates,  35MHz,  SOMHz  and  66MHz. 

2.  Fully  ctHnpadble  with  VGA  and  Personal  Systeni/2  color 
grq^ibics. 

3.  Guaranteed  monotonicL  Integral  and  difitential  lineaciijr 
guaranteed  to  be  a  maximum  of  ±1LSB,  -  , 

,4.  Low;  glitch  energy,  7SpV  sees. 
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DIGITAL-TO-ANALOG  CONVERTERS  2-817 


ADV476-SPECIFICATI0NS  All  Speofflcations  T„ni  to  T„„^  unless  otherwise  noted.) 


Parameter 


Units 


Test  Conditions/pominents 


'SKATIC  PERFORMANCE 
Resolntion  (Each  DAC) 
Aci(|a^j;^  DAC) 

Offset  Error 


6  

±0.5 

±0.3 


Bits 

LSBmax 
%  ma  ~' 
LSBmax 
LSBmax 


DIGITAL  INPUTS 
Input  High  Voltage,  V,nh 
Input  Low  Voltage,  Vi^l 
Input  Current,  Igj^ 
Input  Current  (RD  Input  Only) 
Input  Capacitance,  Cq^^^j,, 


Guaranteed  Monotonic 

Fall  Scale  =  2.t5xlREFXRL,  lREF-8.39ffiA" 

BLANK = Logic  Low 


2 

0.8 

±10 
±100 

■SI"  r-  -- 


V  min 

V  max 
(lA  max 
^.A  max 


Vcc=5.5V,ViN  =  0.4VtoVcc 
Vcc  =  5.5V,V,K=0.4VtoVGc 


DIGITAL  OUTPUTS 
Output  High  Voltage,  Vqh 
Output  Low  Voltage,  Vql 
Floating-State  Leakage  Current 
Floating-State  Output  Capacitance 


2.4 
0.4 

±50 
7 


V  nun 

V  miQc 
mA  max 
pF  tjfp 


IsouRCE  =  500(iA,  Vcc  =  4.5V 

Isn^K  =  5.0mA,  Vcc  =  4.5V       ,  :.j  ,0 


ANALOG  OUTPUTS 
Max  Output  Voltage 
Max  Output  Current 
DAC  to  DAC  Matching^ 
Analog  Output  Capacitance 


1.5 
21 

±2.5 
10 


V  min 
mA  min 
%  max 
pF^ 


cuR^StHroSS 

InpliX  (Smteeet.  $KB)d' 
Voltage  at  Iref 


lOslOmA,  IO=2J5x^^(,A  MA9Va40\a«k2 


BLANK = Logic  Low 


-3/- 10 
Vcc  -3A^cc 


mA  min/mA  max 
V  minA^max 


POWER  SUPPLY 
Sup^y  Vplt^,  Voc 
Su^QT  Ciinent ,  Ice 
Power  Supply  Rejection  Ratio 


but  . 


.  4.5/5.5 
•'220 
6 


V  minA^  max 
mA  max 

-  %rv      .  [  ,  , 


fMAx=66MHz,  IO=2.il:5xlREpy;D8  to  D?,M!aded 
..4.l«s\?ec<5i5V,  10=2. 15x,lRft, » R^ = 373flfe  : 


DYNAMIC  PERFORMANCE 
Clock  and  Data  Feedthrough^-  " 
Glitch  Inqmlse^'  * 


-35 


75 


dB  typ 
iW  sm  typ 


NOTES  ' 
'Temperature  range  (T„j„  to  T„„);  0  to +70X:.  '  '     '  " 

^Relative  to  the  midpoint  of  the  distribution  of  the  three  DACs  measured  at  full  scale. 

^TTL  input  values  are  0  to  3  volts,  with  input  rise/fall  times  ^3ns,  measured  between  the  10%  and  90%  points.  Timing  reference  points  at  50%  for  inputs  and 
outputs.  Analog  output  load  ^lOpF,  37. SH.  D0-D7  output  load  £50pF.  See  timing  notes  in  Figure  2. 

^Qock  and  data  feedthrough  is  a  function  of  the  amount  of  overshoot  and  undershoot  on  the  digital  inputs.  For  this  test,  the  digital  inputs  have  a  IkH  resistor 
to  ground  and  are  driven  by  74HC  logic.  GUtch  imedft  j^^MMAHt  Ml^uglii  -3dB  test  bandwidth  =  2xclock  rate. 

Specifications  subject  to  change  without  notice. 


ADV^TB 


-m 


TIMING  CHARACTERISTICS^ 


+5V±10%  All  Specifications  T,„ 


Parameter 

l^ecsiDii 

SOSlHz  Veision; 

3SMH^  y^teion  ; 

Units, 

Gondiiions/Comments  ,...r 

66 

50 

.,35.  1 

MHz 

Clock  Rate 

10          ,.,  : 

10-..  . 

ns  min 

RSO,  RSI  Setup  Time 

10 

iq'-v 

ns  min 

RSO,  RSI  Hold  Time 

■  • 

5 

■5,.--, 

ns  min 

RD  Asserted  to  Data  Bus  Driven 

40 

40 

40- 

ns  max 

RD  Asserted  to  Data  Valid 

20 

20 

20 

ns  max 

RD  Negated  to  Data  Bus  3'Siated  • 

te 

10 

10 

15' 

ns  min 

Write  Data  Setup  Time 

10 

10 

15 

ns  min 

Write  Data  Hold  Time 

50 

50  - 

50 

ns  min 

RD,  WR  Pulse  Width  Low 

4xti2 

''4xti2  - 

nsmin. 

Rr>   WR  Plikp  Width  Wiofi 

^10 

3 

3 

4 

ns  min 

Pixel  &  Control  Setup  Time 

^11 

3 

3 

4 

ns  min 

Pixel  &  Control  Hold  Time 

^12 

15.3 

20 

28 

ns  min 

Clock  Cycle  Time 

^13 

5 

6 

7 

ns  min 

Clock  Pulse  Width  High  Time 

^14 

5 

6 

9 

ns  min 

Qock  Pulse  Width  Low  Time 

-<  It: 

^15 

30 

30 

30 

ns  max 

^inaldg  OstpW  Belay 

5 

5 

5  ■ 

ns  min 

^16 

6 

8 

8 

ns  max 

Analog  Output  Rise/Fall  Time 

^  3 

15.3 

20 

25 

ns  typ 

Analog  Output  Settling  Time 

'is 

2 

2 

2 

ns  min 

Analog  Output  Skew 

4 

4 

4 

clocks 

Pipeline  Delay 

NOTES 

'TTL  input  values  are  0  to  3  volts,  with  input  rise/fall  times  s3  ns,  measured  between  the  10%  and  90%  points.  Timing  reference  points  at  50%  for  inputs  and 

outputs.  Analog  output  loads  10  pF,  37.5n.  IJ0^O?  ontBtlt1(W*50pF.'^dteaiiia^^ 
.^Temperature  Range  (T„|„  to  T„„);  0  to +70T  .  ^  '  .--      ■■  -  '      .   :  •  ,  '  ■'■ 

'^Settling  dine  does  not  include  dock  and  data  feedtlirou^.  For  this  test,^^  digital  inputs  have  a  IkO  resistor  to  gi^'uiid  and  are  driven  by  74HC  logic. 

Spedficatiom  aSbjo^ » laifBg^  «W^C  msflce.     '  '    ■  t 


RSO,  RBI'  ; 
READ(D0-D7) 


4  1 

» — —  ' — » 

■■■'V.  > 

'>—r-  

A,    ■  ' 
"h 


.  Figure  1.  MPU  Read/WfM6  Timing 


RED,  OREEM,  BLUE' 

armm 


Notes 'r 

g?KcA?E  ™=  "^TO 

3.  OUTPUT  RRE/FAa  TIME  (t,J  MEASURED  BEtWEtM  THE  10%  AND  wHi  l>blMTB  OF  FULL  SCALE 
TRANSmOM. 


Figure  2.  Video  Input/Output  Timing 


DIGITAL-TO-ANALOG  CONVERTERS  ^19 


ABSOLUTE  MAxmuMi^msm* 

Vcc  to  GND   +7V 

Voltage  on  any  Digital  Pin  GND-0.5V  to  Vcc+0.5V 

Ambient  Operating  Temperature  (T^)  -55°C  to  +125°C 

Storage  Temperature  (Tg)  .  .  >."."■ '."'i-j  .  .....  -65°C  to  +150°C 

Junction  Temperature  (Tj)  ,  +  I75°C 

Lead  Temperature  (Soldering,  10  sees)  ...........  +300°C 

Vapor  Phase  Soldering  (1  minute)  +220''C 

Red,  Green,  Blue  {a.GND'  .  .  OV  to  Vcc 

NOTES 

^Stresses  above  those  listed  under  "Afosoiute  Maximum  Ratings"  may  cause 
pennanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 

'  Analog  output  short  circuit  to  any  power  supply  or  common  can  be  Of  im 
indefinite  duration.  ' 


ORDERING  GUIDE'' 


Model 

Speed 

Package'!^  ^ 

'^%tion^ 

4|)VA76KN35 
ADW6KN50 
ADV476KN66 
ADV476KP35 

ADV476KP50 
ADV476KP66 

35MIij'' 

50MHz 

66MHz 

28-PpDIP 
28-Pin  DIP 
28-Pin  DIP 
44-Pin  PLCC 

44-Pin  PLCC 
44-Pin  PLCC 

N-28 
N-28 
N-28 
P-44A 

P-44A 
P-44A 

NOTES 

^AU  devices  fUT^wdfied  for  0  K) +70°C  operation. 
^Devices  are  packaged  in  0.6"  28-pin  plastic  DIPs  CN-28),  and  44-pin 
J-leaded  PLCC  (P-44A). 

=  Pl^tic  DIP;  P  =  Plastic  Leaded  Chip  Carrier.  For  outline  information 


RECOMMENDED  OPERATING  CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Units 

Power  Supply 

Vcc 

4.5 

5.00 

5.5 

Volts 

Ambient  Operating  Temperature 

0 

-1-70 

°C 

Output  Load 

Ri. 

37.5 

n 

Reference  Current 

Iref 

-3 

-10 

mA 

CAUTION  :  

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductjive  foam  or  shunts.  The  protective  foam 
should  be  discharged  to  the  destination  socket  before  devices  are  removed. 


rixsesm  coNPiGURATraN 


DIP  iim  mmm0iMK^Um: 


lO 

Iff 

JIM 


OOZOOOO£ 

4.uTimrnHHRinnw_ 


BLANK  ^ 
DO^ 
D1  |T 
D2Q0 
03  Ql 
D4  Ql 
DSpi 
D6[l4 

m\n 
wn[i6 


222Z 


ADV476  ' 


TOP  VIEW 

(KoiToScala) 


m|p7 

S]  P4  ^  ' 
35]  P3 
m]p2 
»]P1 

n]  po 

uJoPA' 
»]  COHP- 


RED 
GREEN 
BLUE 


[isiHHIdlHlHNIalNyiHj 
i  ri  ^  I  i  i  1 1  i  k. 


•V„  MUST  BE  TERMINATED  THFI0US»*1M)iF«EWWIie  CAPAOrrOR 
TOVcc  CPA  IS  LEFT  UNCONNECTED;  COMP  IS  CONNECTED  TO  !,,„ 
(SEERQUREBI. 
••NC  =  NO  CONNECT 

The  above  pins  allow  the  ADV476KP  (44-Pin  PLCC)  to  be 
alternatively  driven  by  a  voltage  reference.  If  it  is  desired  to  use 
a  voltage  reference  configuration  instead  of  the  current 
configittation  described  in  this  data  sheet,  the  above  listsi  i 
must  be  coimected  as  described  in  Figure  6  of  the 
ADV4WADV471  (bi»  ibsex  iilWiMMMX  m«md^  tuoiSuOtO'. 


PO 

PI 

P2 
P3 
P4  [1^ 

l»S  [10 

P8  [jT 
P7  I  12 


PCLK  [ys 


r.-su , 


ADV476 
TOP  VIEW 
(Not  to  Scale) 


28 

Vcc 

27 

RS1 

iiJ 

RSO 

WR 

D7 

23 

D6 

22 

D5 

ilJ 

D4 

20  [ 

D3 

33 

D2 

Is] 

D1 

DO 

BLANK 

13 

FimctkMi 


BLANK 


PCLK 


BLUE 


GSDl 

dT  • 
Vo    id  1(14' . 


Composite  blank  control  input  (TTL  compatible).  A  logic  zero  on  this  control  input  drives  the  analog  outputs 
to  the  blanking  level,  as  shown  in  Table  V.  The  BLANK  signal  is  latched  on  the  rising  edge  of  PCLK.  While 
BLANK  is  a  logical  zero,  the  pixel  inputs  are  ignored. 


D0-D7 


U  A-  - 


Clock  input  (TTL  compatible).  The  rising  edge  of  PCLK  latches  the  P0-P7  data  inputs  and  the  BLANK 
control  input.  It  is  typically  the  pixel  dock  rate  of  die  video  system.  FCLK  should  be  driven  by  a  ded^ca^  !' 

TTL  buffer.  , 

Pixel  select  inputs  (TTL  compatible).  These  inputs  specify,  on  a  pixel  basis,  which  one  of  the  256  entries  in 
the  color  palette  RAM  is  to  be  used  to  provide  color  information.  P0-P7  pixd  select  inputs  are  latched  on  tihe 
rising  edge  of  PCLK.  PO  is  the  LSB.  Unused  pixel  select  inputs  should  be  connected  to  6ND, 

;_^ed^  g^m,  Moi  blue  current  outputs.  These  high  impedance  carrent  sources  are  capable  oi  diieetity  driving  a 
doubly  terminated  7Sn  coaxial  cable,  as  shown  in  Figure  4<u  AU  three  cuirent  outputs  diould  have  similar 

output  loads  whether  or  not  they  are  ail  being  used. 

Analog  power  supply  (SV  ±10%).  >  .v 

■■■^liiittg'gattd;  ..wir...  ,11. .  ^jrij  <)i.'v- .  ' 
'^EaiftdH''i^K^ee'fatNt.'Tjfcj^i^«MS|i  between  the  ameot  input  and  the  &11  scale  output  volta^  vt,^  ■■ 

y^r^'llj;  k;<Eai4HiJiSBa»-.-i '■-  >  ■ 

' '  Write  control  input  (TTL  compatible).  WR  must  be  at  logical  zero  when  writing  data  to  the  device.  D0-D7 
data  is  latched  on  the  rising  edile  of  WR.  See  Figiure  1. 

Read  omUxd  it^wt  -CrTL  cmip«cO>le).  S5  must  both  be  at  logical  zero  when  reading  data  fiom  ttie  device. 
See  Figure  1. 

Command  control  inputs  (TTL  compatible).  RSO  and  RSI  speciiy  the  type  of  read  or  write  operation  beiiig,."^^ 
carrip^i^gt,  i,e.,  ad^es^_r^^|l^^ra^or  pajette  RAM  read  w  write .ope^ni^^.  See  Tables  I,  II,  , 

Data  bus  (TTL  compatible).  Data  is  transferred  to  and  fieora  the  addiess!iegi»er  and  the  cdor  palette  RAM  " 
over  this  8-bit  bidirectional  data  bus.  DO  is  the  least  signiScsnt  bit. 


TEKMtNOLOGT   

■hidd^Level  |  ( 

The  level  separating  the  STNC  poetjim  btA^  VidM  portion 
of  the  waveform.  VmalifjaSmtdMMiliit^imit^^ 
Porch.  At  0  IRE  Units,  if  j^Aoleifet'which  vrill  sBuf  off  die 
picture  tube,  resulting  m  the  B&cKS  possible  picture! 

Color  Video  (RGB) 

niis  usually  refers  to  die  tedmique  of  combining  the  three  pri- 
mary  ocdon  of  Red,  Gnoi  and  Bhie  to  produce  color  pictures 
widiin  the  usual  ^pui  um.  itt  KtiB  monitbrs,  duee  DACs  are 
required,  one foceach oqIek,^   _      '  •. 


Gray  Scale 

The  discrete  levels  of  video  signal  between  Reference  Black  and 
Reference  White  levels.  An  8-bit  DAC  contains  2S6  different 
levels  while  a  6-bit  DAC  conui^i 

Raster  Scan 


The  most  basic  method  of  sweeg||j|^i^tT  (He;  tee  at  a  time  ta 
generate  and  display  images. 


The'  miudmiiiili'negadve  pc^kt;  ainpiitude  of  the  video  signal. 
Reference  White  Level 

The  maximum  positive  polarity  ampUtude  of  the  video  signal. 
Video  Signal 

That  portion  of  the  composite  video  signal  which  varies  in  gray 
scale  levels  between  Reference  White  and  Reference  Black.  Also 
referred  to  as  the  picture  signal,  this  is  the  portion  which  may 
be  visually  Qbserved. 


■'■   .'><J'  'r  liw  I5i>.l 

■S-'jinGh  -n-rr:-  j-nl 
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OGITAL-TO-ANALOG  CONVERTERS  I'SZI. 


Irterbce..  .  .   

As  illustrated  in  the  functional  blodc  diagram,  the  ADV476  sup- 
ports a  standard  MPU  bus  int^6l^  iJtepwg  the  AtPtJ  duect 
access  to  the  color  palette  RAM  . 

The  RSO  and  RSI  control  inputs  specify  whether  the  MPU  is 
accessing  the  address  register  or  the  color  palette  RAM,  as 
shown  in  Table  I.  The  8-bit  address  regislier  isyused  to  address 
the  color  palette  RAM,  eliminating  the  requirement  for  external 
address  multiplexers. 


may  read  by  sinq>^je»iiingannthfr.wi(iiifiifir?  nf  Bfri,  gram  and  i 
blue  data. 

-This  6-bit  color  data  is  right  justified,  i.e.,  the  lower  six  bits  of 
the  data  bus  with  DO  being  the  LSB  and  DS  the  MSB.  D6  and 
D7  are  ignored  during  a  color  write  cycle  and  are  set  to  zero 
during  a  color  read  cycle.  < 


RSI 

RSO 

Addressed  by  MPU 

0 

0 

Pixel  Address  Register  (RAM  Write  Mode) 

1 

1 

Pixel  Address  Register  qLhfA  tCaid  Mode) 

0 

1 

Color  Palette  RAM       |  / 

1 

0 

Kxd  Read  Mask  Register 

Dining  color  palette  RAM  access,  the  address  register  resets  to 
OOH  following  a  blue  read  or  write  operation  to  RAM  locatran 
FFH. 


To  write  color  data,  the  MPU  writes  to  the  address  register  with 
the  8-bit  address  of  the  color  palene  RAM  location  which  is  to 
be  modified.  The  MPU  performs  three  successive  write  cycles 
(six  bits  of  red  did,  six  bits  of  green  daei  and  six  bits  of  Mue  ■  ■ 
data).  During  the  blue  write  cycle,  the  three  bytes  of  color  in- 
formation are  concatenated  into  an  18-bit  word  and  written  to 
the  location  specified  by  the  address  register.  The  address  regis- 
ter then  automatically  increments  to  the  next  location  which  the 
MPU  may  modify  by  simply  writing  another  sequence  of  red, 
green  and  blue  data. 

To  read  back  color  data,  the  MPU  loads  the  address  register 
with  the  address  of  the  color  palette  RAM  location  to  be  read. 
The  MPU  pttfynos  Jthree  successive  read  cycles  (6  bits  each  of 
ted,  green  and  bltle  data).  Following  the  bltfe't<d)(l  cy<^,  the 
address  je^sier  iainnttliBWthe  next  locatioa'iifaicb  the  MPU 


The  MPU  interface  operates  asynchronously  to  the  pixel  clock. 
Data  transfers  between  the  color  palette  RAM  and  the  color  reg- 
isters (R,  G,  and  B  in  the  block  diagram)  are  synchronized  by 
internal  logic,  and  occur  in  the  period  between  MPU  accesses. 
Color  (RGB)  data  is  normally  loaded  to  the  color  palette  RAM 
during  video  screen  retrace,  i.e.,  during  the  video  waveform 
'  blaaking  pi4riod,"sefc  Figitoe  S;         '       '  -  J.M 

To  keep  track  of  the  j^,  green  and  bliie  read/write  cycles,  the 
address  regisi^l^two  a^tton^  bits  (ADl)Ra,  ADDRb)  that 
counr  modulo  three,  as  shown  in  Tatd^  H.^They  are  reset  td  ~ 
v,:fptii  ^jti<$|(;l%i^EtlPU:  writeS:  to  t)ie  ack)re$s4^i;ter,  and  are  not 
reset  to  jEei:o<i)r^en.|tl}e.J^IJ^4Sads  the  address  The 
MW  does  notihsve  ac^essitD  these  bits.  The  other  eight  bits  of 
the  address  register,  incremented  following  a  blue  read  or  write 
cycle,  (ADDRO-7)  are  accessible  to  the  MPU,  and  are  used  to  r 
address  color  palette  RAM  locations,  as  shown  in  Table  m. 
ADDRO  is  the  LSB  when  the  MPU  is  accessing  the  RAM.  The 
MPU  may  read  the  address  register  arany  thne  without  modify- 
ing its  contents  or  die  existing  read/«Mib  n^k. 

■  pigisi»  I  M^krates  the  MPU  read/write  timing  and  Table'fil 
'  shows  tile  a^ociated  functional  instructions. 


.  agir  cv.t..K  ^  to  :^m<Mm^^^  (founts  Modulo  3) 

t-'^Ir  iXMrr'  z6j  "to  5J 


ADDRO-7  (Counts  Binary) 


Value 


00 
01 
10 


OOH-FFH 


RSI 


RSO 


Addressed  by^^NJ 


Red  Value 
Green  Value 
Blue  Value  . 


Color  PaleiteRAM 


Table  , II.  Address  Register  (ADDR)  Operation 


RD 

WR 

RSO 

RSI 

ADDRa 

ADDRb 

OpecatioB  Pecfonned 

1 

0 

0 

0 

X 

X 

Write  Address  Register; 

D0-D7  ->■  ADDRO-7 

0  ADDRa,b 

1 

0 

1 

0 

0 

0 

Write  Red  Value;  , 

Increment  ADDRa-b 

1 

0 

1 

0 

0 

1 

Write  Green  Value; 

Increment  ADDRa-b 

1 

0 

1 

0 

1 

0 

Write  Blue  Value; 

Modify  RAM  Location 

Increment  ADDRO-7 

Increment  ADDRa-b 

0 

1 

1 

1 

X 

X 

Read  Address  Register; 

ADDRO-7  ^  bO-b? 

0 

1 

1 

0 

0 

0 

Read  Red  Value; 

Increment  ADDRa-b 

0 

1 

1 

0 

0 

1 

Read  Green  Value; 

Increment  ADDRa-b 

0 

1 

1 

0 

] 

0 

Read  Blue  Value: 

Increment  ADDRO-7 

Increment  ADDRa-b 

0 

0 

X 

X 

X 

X 

Invalid  Operation 

rad/e  III.  TruOt  IsA^^r  Read/Write  Operations 


DEV.  A 


Frame  Bufifer  Interface 

The  P0-P7  inputs  are  used  to  address  the  color  palette  RAM,  as 
shown  in  Table  IV.  These  inputs  are  latched  on  the  rising  edge 
of  PCLK  and  address  any  of  the  256  locations  in  the  color  pal- 
ette RAM.  The  addressed  location  contains  18  bits  of  color  (6 
bits  of  red,  6  bits  of  green  and  6  l^'of  blue)  inteit^tioA.  This 
data  is  transferred  to  the  three  DACs  and  is  ibsn  om^erted  to 
m  analog  output  (RED,  GREEN,  BLUE),  these  outii^  then 
control  the  red,  green  and  blue  electron  guns  in  the  monitor. 


The  BLANK  input  is  also  latched  on  the  rising  edge  of  PCLK. 
This  is  to  maintain  synchronization  with  the  color  data. 


P0-P7 

Addre^^^  Frame  BUStbt 

OOH 

Color  Palette  RAM  Location  OOH 

OIH 

Color  Palette  RAM  Location  OIH 

• 

•  • 

FFH 

Color  Palette  RAM.yj^^jff  SI, 

Table  tV.  Pixel  Select/Color  Palme  Control  Jii:utl):TaliJ»„\ 

RiKl  Read  Jfodc  Re^o^  — —  ,  

The  Pixd  Read  Mask  Rq^ster  ia  the  ADVM6  ean  be  used  fo 
implemmt  register  level  jixA  proc«rae^,^:tli«eeby;<itdtii^;ddwn'  i 
an  softmm  mahmd.  This  is  achievnl'lj^p^^lfhe  inptii'i^el' 
aeean  (|P0«-P7)  wi&  ifae  contents  of  tfae^pi^^:^  mask  ren- 
ter. The  operation  is  a  bittrise  lopoU  Ai^^jg    die  pixfl  iApi. 


The  contests  of  this  register  cm  be  i 
time  by  the  MPU  (D0-D7).  Table  I  s 


Unit  altered  any 
ik  ietoant  eoatrol- 


lUs  pixel  rnaddng  operatioa  can  be  u«d  to  alter  die  displayed 
Gtdors  without  changjng  the  contents  if  efthef  ^  lSiie6  ftattie 


 mm 

buffer  or  the  color  palet^  RAM.  Tike  ^eot diis  opoation  is 
to  partition  the  ecdor  [wtee  i^  a  usex^c^ecmiiied  number  of 
color  planes.  Tliis  process  can  be  used  for  special  effects  includ- 
ing animation,  overlays  and  flashing  objects. 

(See  also  application  note  entitied  "Animation  Using  the 
Pixel  Read  Mask  Register  of  the  ADV47x  Series  of  Video  RAM- 
DACs,"  available  from  Analog  Devices  (Pub  No. 
E1316-15-ie/89). 


PO 


P7 


PIXEL 
READ 
MASK 


V  REGISTER  k 


ADDRESS 
REGISTERS 


COLOR 
PALETTE 
RAM 


Bt  DIRECTIONAL  MPU  DATA  BUS 


;  DO  D7 

Figure  3.'  Bloclc  JBifagraiin  Showing  Pixel  Bead  Masis  Register 


The  ADV476  has  three  analog  outputs,  correspod^g  to  the  ' 
R^,  Gieen  and  Blue  video  signals. 

The  Red,  Giem  and  Blue  aMlog  cmqitm  of  die  ADV476  are 
i^ijia#eteee/adM^SBn»B^il^<ea»)(l6tfq»pdtiefe<RGB  t 
(!iMii«(Wpls  i%^AMtf sftteh  ' 
m  a  doitbly-teaiaated  7Sfi  eesiMkaiMeJ^^w^hsiimmmAR  ■ 
required  configuration  for  eadi    the  three  Bi^,^);^iit5  c^> 
osefeA  teto  a  doubly-teimiiia^  7Sn  load.  arraqg^^t 
vriil  de^^I^Mra^  iMtiNW^'ffi^i^mtt^  atSti  ' 
monitor.  A  teple  metiiod  of  lt^NQI§%Si^V70'=^HM'l^U^i^^^  a" 
7Sn  monitor  is  shown  in  Figure  4b.  The  output  current  levels 
of  the  DACs  remain  imchanged  but  the  soiu'ce  termination  resis- 


tance, Zs,  on  each  of  the  three  DACs  is  increased  from  75(1  to 
150n. 

More  detailed  information  regarding  load  terminations  for  vari- 
ous output  configurations,  includisg:  RS'343A  and  RS-170,  is 
available  in  an  application  note  entitied  "Video  Fortftats  & 
Required  Load  Terminations"  available  from  Analog  Devices. 

Figure  5  shows  the  video  waveforms  associated  with  the  three 
RGB  outputs,  driving  the  doubly  terminated  750  load  of  Fig- 
ure 4a.  The  BLANK  control  input  drives  the  analog  outputs  to 
the  Black  Level.  BLANK  is  asserted  prior  to  horizontal  and 
vertical  screen  retrace.  Table  V  details  how  the  BLANK  input 
modifies  the  output  levels. 


RED,  GREEKI.  BLUE 


Zs=75n 
(SOURCE 


Zo=75n 


(CABLE) 


(MONITOR) 


V 


RED,  GIBEEN,  BLUE. 


DACs 


Zs=i5on 

(SOURCE 
TERMINATION) 


Zo=75n 


(CABLE) 


ZL=7Bn 
(MONITOR) 


Figure  4a.  Recommended  Analog  Output  Termination  for 
ftS-343A 


Figure  4b.  Recommended  Analog  Output  Termination  for 
RS-170 
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■'-      '  isios  - 

0.714 

\-  ■  1 

;  /  <.  j:.j-J 

i 

!  -0.0ft- 

0.000 

i    IT  .'^  (A  1  ' 

100  IRE  ":>'*f'-?r-irtSia 


WHITE  LEVEL 


,  black/blank 
Level 


I  1.  OUTPUTS  CONNECTED  TO  A  DOUBLY  TERMINATED  750  LOAD. 
!       2.  l„EF=8'88mA. 

3.  RS-343A  LEVELS  AND  TOLERANCEzS  ASSUMED  ON  ALL  LEVELS. 

Figure  5.  RGB  Video  Output  Waveform 


sue  Ar«a  L"ih,jmo 

i 

i 

■ft.  •  •; 


Description 

RED,  GREEN, 
BLUE,  (mA)^ 

BLANK 

DAC 

Input  Data 

WHITE  LEVEL 
VIDEO 

BLACK  LEVEL 
BLANK  LEVEL 

19.05 
Video 
0 
0 

1 
1 
1 
0 

FFH 

DATA 

OOH 

,,a'r  b66ft  \ew*.  vn;  /.•■l-'I,'  is,M}f.\a 

NOTE 

'Typical  with  fiiU  scale  RED,  GREEN,  BLUE  =  19.0SmA.  Ikbp  =  8.88inA. 


Table  V.  Video  Ou^ut  lig*^  J^i^  , 


Reference  Input 

The  ADV476  requires  an  active  current  reference  to  enable  the 
DACs  provide  stable  and  accurate  video  output  levels.  The  rela- 
tionship between  the  output  voltjfs  ^d'jj^e^tfqiiired  Bjpiit'j^i, 
erence  current  is  given  by: 


A  '  ■  -if;, 


VP  (FULL  SCALE) 


where    Ri,  =  37. 5n  (for  doubly  terminated  75fi  load) 

=  75fi  (for  singly  terminated  75fl  load) 

and       VO  =  0.714V  (RS-343A  video  levels) 

=  I.OVi  (l^tjate»ideo  levels). 


In  a  standard  application  which  requires  RS-343A  video  levels  to 
be  driven  into  a  doubly  terminated  75(1  load  (Rl  =  37.5fl),  the 
necessary  reference  input  current  is: 

Iref  =  8.88mA. 

To  drive  the  same  levels  into  a  singly  terminated  7SO  load 
(Rl  =  750),  the  reference  current  is: 

Iref  =  4.44mA. 

A  suggested  current  reference  design  for  the  doubly  terminated 
case,  with  RS-343A  video  levels  and  based  on  the  LM334,  a 
three-terminal  adjustable  current  source,  is  shown  in  Figure  6. 


rl'.IVT'.:*,!' 
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on  the  FC  tward,  and  tbe  analog  power  plane  snoiua  pioviae 
power  to  all  ADV476  power  pins,  cuirent  irfoence  circuitry 
and  any  output  amplifiers. 

The  PCB  power  and  ground  planes  should  not  overlay  portions 
of  the  analog  power  plane.  Keeping  the  PCB  power  and  ground 
planes  from  overlaying  the  analog  power  plane  will  contribute  to 
a  reduction  in  plane-to-plane  noise  coupling. 

Sqi^  Decoupling 

Noise  on  the  analog  power  plane  can  be  further  reduced  by  the 
use  of  nnitt^e  decoiq>liiig  aipadtots,  see  Figure  7. 

Optimum  peetormance  is  adueved  by  the  use  <^  Q.l|iF  ceramic 
capacitors.  This  should  be  done  by  pladng  the  capacitors  as 

_.eUm  S^-SSS^MS^M-^  ^^1^^-       ^  ogacitor  leads  as  short 
as  possimeTthils  mitiimizing  lead  inductance. 

It  is  important  to  note  that  while  the  ADV476  contains  circuitry 
to  reject  power  supply  noise,  this  rejection  decreases  with  fre- 
quency. If  a  high  frequency  switching  power  supply  is  used,  the 
designer  should  pay  close  attention  to  reducing  power  supply 
noise.       power  sVppfy  fiber  (Muiata  HNX0Q2)  will  provide 
'  "       '  t  between      switdiing  power  siq>ply  and  the 
.  Alternatively,  consideration  coiuikl  be  given  to  using 


Figure  6.  Current  Reference  Design  Using  an  LM334 
Current  Source 

PC  BOARD  LAYOUT  CONSIDERATIONS 

The  ADV476  is  optimally  designed  for  lowest  noise  perform- 
ance, both  radiated  and  conducted  noise.  For  optimum  system 
noise  performance,  it  is  imperative  that  great  care  be  given  to 
the  PC  board  layout.  The  layout  should  be  optimized  for  lowest 
noise  on  the  ADV476  power  and  ground  lines.  This  can  be 
achieved  by  shielding  the  digital  inputs  and  providing  good 
decoupling.  The  lead  length  between  groups  of  Vcc  and  GND 
pins  should  by  minimized  so  as  to  minimize  inductive  ringing. 

Ground  Planes 

The  ground  plane  should  encompass  all  ADV476  ground  pins, 
voltage  reference  circuitry,  power  supply  bypass  circuitry,  the 
analog  output  traces  and  all  die  digital  agmd  traces  leading  up 
to  the  ADV476. 

Power  Planes 

The  PC  board  layout  should  have  two  distinct  power  planes,  one 
for  analog  circuitry  and  one  for  digital  circuitry.  The  analog 
power  plane  (Vcc)  should  encompass  the  ADV476  and  all  asso- 
ciated analog  circuitry.  This  power  plane  should  be  connected  to 
the  regular  PCB  power  plane  at  a  single  point  through  a  ferrite 
bead,  as  illustrated  in  Figure  7.  This  bead  should  be  located 
within  three  inches  of  the  ADV476. 


*attft  *feminal  voltage  regulator. 
Digital  Signal  Interconnect 

The  digital  signal  lines  to  the  ADV476  should  be  isolated  as 
much  as  possible  from  the  analog  outputs  and  other  analog  cir- 
cuitry. Digital  signal  lines  should  not  overlay  the  analog  power 
plane. 

Due  to  the  high  clock  rates  used,  long  clock  lines  to  the 
ADV476  sKotiiS  be  avoided  so  as  to  minimis  noise  pidtup. 

Any  active  puU-up  termination  resistors  for  die  digital  inputs 
should  be  coimected  to  the  regular  PCB  power  plane  and  not 
the  analog  power  plane. 

Analog  Signal  Intercoiiiiect 

The  ADV476  sboald  be  located  as  dose  as  possible  to  die  out- 
put connectots  dios  mmimfatng  ooise  {Mdaqi  and  reflections  due 
to  nupedascc  ***^^****f****^ 

The  video  output  signals  should  overiay  the  ground  plane,  and 
. ,  not  the  analog  power  plane,  thoeby  maximizing  the  high  fre- 
quency power  supply  rejection. 

For  optimum  performance,  the  analog  outputs  should  each  have 
a  source  termination  resistance  to  ground  of  75fl.  This  termina- 
tion resistance  should  be  as  close  as  possible  to  the  ADV476  to 
minimize  reflections. 

Note:  For' additional  information  on  PC  Board  Layout  see  appli- 
cadon  note  "Design  and  Layout  of  a  Video  Grt^hics  Sjrstem  for 
Reduced  EMI,"  available  fixim  Analog  Devices  (Pub.  No. 
E1309-15-10/89). 
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i 
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VIDEO  , 
CONNECTER 


VENDOR  PART  NUMBER 


.  ;  ^  ,   i.j,     COMPONENT  DESCRIPTION 

'.v■;q»'  ;^  .^^v8(l|M0Xw£fi^aijs>r        «.1>lF  CERAMIC  CAPACITOR  ERIE  RPE112Z5U104M50V 

eS  lOi^F  TANTALUM  CAPACITOR  MALLORY  CSR13G106KM 

C6  47(iF  TANTALUM  CAPACITOR  MALLORY  CSR13F«7^M     -  - 

'       ■.         -  LI  FERRITE  BEAD  FAIR-RITE  27430i|!»i:BT5M,m  ii 

4         .^.ob  3V  .tui,        R1,  R2,  R3        750  1%  METAL  FILM  RESISTOR  DALE  CMF-55C 

iia  ii'i  iwijib  a*  K/i      -.^iim'^'ilWW&lliyipieaiCoimectioa  Diagram  and  Component  List 

.^..ujq  v.'-.-;./l  <|r'tetu  Sitl 


vt,  r;  .01*;.;  -;  .»  viiil^ii  : 
'..  •  ,  -H.  'i  mm  quiUti  moo  goisiou." 


I 


X 


O.lnF 

ANALpO  roWER  njkNE 


o.1mF 


Figure  8.  Connection  of  V„^p  and  COMP  witty  the 
ADV47mP  (44^tn  PLCC) 
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ADV477/ADV475 


FEATURES 

Personal  System/2*  and  VGA*  Compatibia  , 
80,  66,  50  and  35  MHz  Pipelined  Operation 
ADV478/ADV471  (AOV*)  Pin  and  Funetloi»l 

Compatible 
Power-Down  Mode 
On-Board  Voltage  Reference 
Antisparkle  Circuit 
Analog  Output  Comparators 
ADV477: 

Triple  8-Bit  D/A  Converteis 

Srx^  CotorMaMrfMIM 

IS  X  24  Owarlay  Rtglatera 
ADV476: 

Triple  MlsOmCtimtmn 

Sync  on  all  Three  Cnannab 
Pragrammable  Pedestal 
+5  V  CMOS  Monolithic  Con 
44-Pin  PLCC  Pacicage 

APPLICATIONS 

High  Resolution  Color  Graphic* 
CAE/CAD/CAM  Applications 
Image  Processing 
Instrumentation 
l.aptai^<CoiiifHitii*i'.''i  '  -'- 1 
Desktop  PuMWiIng 

AVAILABLE  CLOCK  MTIS 
80  MHz 
66  MHz 

50MHz  ,  • 

SSMIte 

GENERAL  DESCRIPTION 

The  ADV477  and  ADV475  are  pin-,  functional-,  and  software- 
compatible  RAM-DACs  designed  specifically  for  Personal  Sys- 
teni/2  (PS/2)  compatible  color  graphics.  They  are  a  direct  plug- 
in  upgrade  for  the  ADV478  and  ADV471.  Both  support  the 
existing  6-bit  color  VGA  standard  while  also  allowing  for  an 
upgrade  path  to  8-bit  color  resolution. 

ADV  is  a  trademark  of  Analog  Devices,  Inc. 

*Peisoiul  Systeiii/2,  PS/2,  VGA  and  XGA  are  trademadu  of  Intematioaal 
Bnsiiifsi  Macliines  Corp. 


FUNCTIONAL  BLOCK  DIAGRAM 


VmF  ■» 


REFERENCE 
^  AMPLIFIER 


RD  WR  R80  llSf  R8Z 
;M  MUtemCSES  CENOTE  ADV47T 

^477  h^  s  B6  X  24  color  lookup  table  with  tripte  g-bh 
>  13/A  ciffiiverteraV  The  ADV47S  has  a  256  x  18  color 
lookup  table  with  triptle  6-bit  video  D/A  converters.  N«w  fea- 
tures on  the  ADV477/ADV47S  include  an  on-board  1.2  V'vidt- 
ag^i^erence,  analog  .ouqmt  comparators  for  self  diagnosis  and 
deiugguig  as  well  as  a  power-down  or  sleep  mode. 

The  power-down  mode  aUows  the  ADV477/ADV47S  «>  hie  put 
■tiki  a  deep  mod^  with  significant  reduction  in  powler  coisump-. 
'  im,  Tbk  is  id^'fiff  bpnoip  ompams  xim  mas  axi^miiOs 

require  the  optional  abihtjr  W  drive  an  andog  RGti  BteiW, 

but  whose  d^i|^  is  dictated  by  a  desire  to  niiiiit<^iw»  p^wer 

consumption. 

Options  on  both  partk  indode  a  programmable  pedestal  (0  or 
7.S  IRE)  and  use  of  ah  external  voltage  or  current  reference. 
IS  overlay  registers  provide  for  overii^ing  cnisors,  gods,  - 
menus,  EGA  enmhdion,  etc.,  at  the  hgid^^ate^'Iera.  ijiitep  isbp-  ' 
ported  is  a  pixel  read  inask  register  and  (hi^  alnl%  to  j^iciMie 
sync  information  on  aA  tht«e  channels. 

The  ADV477/ADV475  generates  RS343A' compatible  video  sig- 
nals into  a  doubly  terminated  75  SI  hnd^'ttid  RS-170  compatible 
video  signals  into  a  singly  tenniidied  75  Q  load,  W|l]lMt  l^^l^i , 
ing  external  buffering.  "    ,'       ,  '  '  '  . 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  withotit  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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A0V477/ADV475-SPECIFICATI0NS  f::-"!?^  ^^^T  ""**^ 


Parameter 

'i  Units 

STATIC  PERFORMANCE 
Resolution  (Each  DAC) 

8 



6 

Bits 

Acouacy  (Each  DAC) 

Integral  Nonlinearity 

±1 

±0.25 

LSB  max 

Differential  Nonlinearity 
Gray  Scale  Error 

±1 
±5 

±0.25 
±5 

LSB  max 
%  Gray  Scale 

— ?l"LLi->i-irjLjul  itfiar^ii-  " 

Coding 

« . 

DIGITAL  INPUTS  - 

^\  -.'<.H       St  ma  U 

Input  Hig^i  Voltsi^,  Vqq] 

2 

2 

,•1 

Input  Low  Voli^B^  Vq,^. 

0.8 

o.< 

Vnani 

Input  Current,  Iq^ 

±1 

+1 

Input  Capacitance,  Cq^ 

7 

7 

pFmacK 

T  t  ' 

DIGITAL  OUTPUTS 

.c 

iir  ■ 

Output  High  Voltage,  Vqh 

2.4 

2.4 

V  min 

IsOURCE  ~          mA.  ^, 

Output  Low  Voltage,  Vql 

0.4 

0.4 

V  Toax 

IsiNK  =  3.2  mA 

Floating-State  Leakage  Current 

50 

SO 

^A  max 

Floating-State  Leakage  Capacitance 

7 

7 

pF  max 

ANALOG  OUTr yyrSj  

Gray  Scal6  Cuii¥iit.Raiigef 

20 

2U 

mA  max 

Output  jCurrent 

White  Level  Relative  to  Black 

16.74 

16.74 

mA  min 

Typically  17.62  mA 

18.50 

18.50 

mA  m«& 

Black  Level  Relative  to  Blank 

0.95 

0.95 

mAmin 

Typically  1.44  mA,  SETUP 

=  Vaa 

(Pedestal  =  7.5  IRE) 

1.90 

1.90 

mA  max 

Black  Level  Relative  to  Blank. 

0 

0 

M-A  mm       " .  ^ 

Typically  5  |iA,  SETUP  = 

GND 

(Pedestal  =  0  IRE) 

50 

50 

fiA  max 

Blank  I«vel    .  _ 

6.29 

6.2S' 

Typically  7.62  mA 

(sync  Enablea]}.,  ; 

8.96 

8.96 

Q 

Q 

Typically  5  |jA 

(.oync  Uisaulea; 

50 

50 

Sync  Level 

0 

0 

TyiiaStr  5  iiAaMOrr A . . 

50 

50 

LSB  size 

69.1 

27968 

(lA  ryp 

DAC  to  DAC  Matching 

5 

%  max 

TypicaUy  2%  " 

Output  Compliance,  Vqc 

-1 
+  1.5 

-1    %Jf  ' 
+  1.5  *^ 

V  min 
Vmax 

no.':  ,.'  •., 

Output  Capacitance,  Cqut 

30 

30 

pFmn 

•;(»» 

Output  Impedance,  Rout 

10 

10 

kOtyp 

anliWilM«ip- 

'V.--. 

VOLTAGE  REFERENCE 

Internal  Voltage  Reference 

1.1/1.3 

1.1/1.3 

V  minA^  max 

External  Voltage  Reference  Range 

1.14/1.26 

1.14/1.26 

V  minA^  max 

POWER  SUPPLY 

Supply  Voltage,  Vj^j^ 

4.75/5.25 

4.75/5.25 

V  minA'^  max 

80  MHz  and  66  MHz  Parts 

4.50/5.50 

4.50/5.50 

V  minA'^  max 

50  MHz  and  35  MHz  Paas 

Supply  Current,  1^^ 

Normal  Operation 

200 

200 

mA  max 

Typically  160  mA 

Power  Down  Mode' 

10 

10 

mA  max 

Typically  5  mA 

Power  Supply  Rejection  Ratio 

0.5 

0.5 

%/%  max 

f  =  1  kHz.COMP  =  0.1  liF 

DYNAMIC  PERFORt^CE 
Qock  and  Data  Feedthroutji'*' ' 

-30 

-30 

dB  typ 

Glitch  Mpulse*-' 

75 

75 

pV  sees  typ 

DAC  to  DAC  Crosstalk' 

-23 

-23 

dB  typ 

NOTES 

■±5%  for .80  MHz  and  66  MHz  parts;  ±  10%  for  SO  ftBfe  mi  Si^BiK srH. 
Temperature  Range  (Tmm  to  T^:  0°C  to  +  70°C.  i  o    (!•.■  ■ 

'External  Voltage/Current  Reference  disabled.  Temperature:  +25  '^to  .+70 .°C..  All  dVW  jl)gW'at-0.4  V. 

^Qock  and  data  feedthrough  is  a  function  of  the  amount  of  overshon  MS^nil&diQot  on  the  di^ttl  iiiputs.  Glitch  impulse  includes  clock  and  data  feedthrough. 
^1 IL  ii^t  values  are  0  to  3  volts,  with  input  me/fail  times  rs3  m,  measuxed  the  10%  and  90%  pcmts.  Timing  refetence  points  at  50%  for  isinus  and  ouQnits. 
'DAC-to^DAC  Crosstalk  is  measured  by  holding  one  DAC  hi^  vdiile  the  other  two  axe  making  low  to  high  and  hig^  to  low  tnusidons. 
Spedficadnis  subject  to  change  without  notice. 


Thi*  iniDrrnstioniap|)lies.to  a  product  under  developmen*.'  ItB^eltaraetsristica  and  s0ecifteMions  wa subject  tu  >i1na^|i<|iiillBW  iwtlce. 
Analog  Devices  assumes  nO'Obligatran  regarding  futtli»iRMnufaeturatuiitessotheFii«ise!agreeel«(f4o<vwMng.'  aa9<>-  j 


ADV477/ADV475 


•L^ft  =  5  V;  SETUP  =  477/471  =  V«i  W|bf.=  1-235  V;  Ri  =  37.5  ft,  =  10  pFi 
'  ^  =  147  ft.  All  seeeWeaRoitt  Tmhi  tolmK?,  jniest  oHiBcwise  noted.) 


66  AlHz 

50  MHz 

35  MHz 

Fuudketer 

Voifam 

Version 

Version 

Version 

Units 

Conditions/Comments 

66 

50 

35 

MHz 

10 

10 

10 

10 

RSO— Rf^l  fietun  Time 

10 

10 

10 

10 

RSfl— RS2  Hcdd  T&tie  '  * 

c 

J     ■ '  1 

c 

c 

nsmin 

fU 

40 

ns  mux 

9n 

90 

20 

nDc  mav 

c 

J  - 

C 

J 

RmwI  l^ota  tMw%lA  Tifrn*  ~ 

Kcaa  MJSSa  nulu  iimc 

• 

10*.  ■ 

10 

10 

10 

nsmin 

Vffrit^  Tiata  *SMiin  TiffM 

t 
^ 

in 

in 

10 

in 

US  i^^in 

\I7nt*  TYafa  T«mo 

w  nic  i^ia  noia  i  ime 

jU 

ns  rnin 

i\u,  WK.  rTiisc  wiam  low 

f 

A  X  r 

X  t 

ns  min 

RTS  WP  Piik**  WiHth  Riffh 
Ai^j  WA  i^uisc  wiuiu  mgn 

tu 

a 

3 

3 

3 

D 

ns  min 

Pixel  and  Control  Setup  Time 

t,^ 
H2 

3 

3 

3 

3 

ns  min 

Pixel  and  Control  Hold  Time 

12.5 

15.15 

20 

ns  min 

Clock  Cycle  Time 

4 

5 

6 

ns^oin 

Clock  Pulse  Width  High  Time 

tl3 

4 

5 

6 

Qock  Pulse  Width  Low  l]iine  5/ 

tl6 

30 

30 

30 

30*  ^ 

Analog  Output  Delay          •  , 

tl7 

3 

3 

|"nstyp 

Analog  Output  Rise/Fall  Time  'v'^ 

t  * 
H» 

13 

20 

ns  max 

Analog  Output  Settting.Time  lA 

tl9 

1 

S^SE  Ou^MiC  Dday  " 

^SK 

2 

max 

Analog  Output  Skew 

tpD 

4  X 

4  X 

4  X  t,3 

4  X  t.3  \ 

1     ns  min 

Pipeline  Delay 

NOTES 

^TTL  input  values  are  0  to  3  volts,  with  input  rise/fall  tii^^  ^  3  ns,  measured  ])etween  the  10%  and  90%  pdnts.  Timing  reference  points  at  50%  for  inputs  and 
outputs.  Analog  output  load  ^  10  pF,  D0-D7  output  load  £  SO  pF.  See         notes  in  Figure  2a. 
'±S%  for  80  MHz  and  66  MHz  parts;  ±10%  for  SO  Mlb  and  35  MHz  pntir 
temperature  Range  (T^  to  T^^:  0°C  to  +70°C. 

^3  and  t4  are  measured  with  the  load  circuit  of  Figure  3  and  are  defined  as  the  time  required  for  an  oaqmt  to  cross  0.4  V  or  2.4  V. 

\  and  t«  are  derived  from  the  measured  time  taken  by  the  data  outputs  to  change  by  O.S  V  when  loaded  with  the  circuit  of  Figure  3.  The  measured  number  is 
then  em^twlned  l»dc  to  remove  tlie  effiicn  of  charging  the  SO  pF  capacitor.  This  means  tlin  (he  dmea,  tj  and  t^,  quoted  in  the  timing  cfaaiacteiistics  ate  the 
tnie  ifliia'fK  llie  detiec  and  ■§  sadi  lie  iodqiendent  of  eztetiial  bus  loading  cqiadtanixs. 
*SeiUiua»llia^  doei  not  indnde  dod:  and  d«a  teedthrougfa. 
^  subject  to  change  without  l 

K«i-H*-«a-H 


ANALOG 
OUTPUTS 
(lOR,  lOG^  »B) 


Figure  1.  MPU  Read/Write  Timing. 


Figure  2b,  Video  Output  vs.  SEIVSE  Timing 


da 

r^T^  

Figure  3.  Load  Circuit  for  Bus  Access  and  Relinquish  Time 


1.  OUIFUTDOAVMEASUREDFIIoaTHESIIKPOINTOFTHERaaiaEDaEOPCtSCXTO  IHE 
90»  POWr  OF  FUU..SCALE  TRANSmON. 

2.  SEmjMQ  TIME  MEASURED  FROM  THE  50%  POINT  OF  FULL.SCALE  TRANSmON  TO  THE 
OUTPUT  REMAINING  WITHIN  ±1  LSB  IADV477)  AN  iA.2S  LSBs  (ADV47S). 

3.  OUTPUT  RISE/FALL  TIME  MEASURED  BETWEEN  THE  10%  AND  90%  POINTS  OF  FUU..8CALE 

™'"™"  Figure  2a.  Video  Input/Output  Timing 

This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  chdfige'livithout  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  In  writing. 


REV.  0 


DIGITAL-TO-ANALOG  CONVERTERS  2-829 


REC0MMHMB1.0PEBATING  CONDITIONS 


ayiBDOi 

'  Mm 
mm 

Typ 

PnBX 

Units 

Power  Supply 

Vaa 

80  MHz,  66  MHz  Parts 

4.75 

5.00 

5.25 

Volts 

50  MHz,  35  MHz  Parts 

4.5 

5.00 

5.5 

Volts 

Ambient  Operating  Temperature 

Ta 

0 

+70 

°C 

Output  Load 

37.5 

a 

Voltage  Reference  Configuration 

01 

Reference  Voltage 

^REF 

1.14 

1.235 

Volts 

Current  Reference  Configuration 

n 

otgsp  Current 

^REF 

Standard  RS-343A 

-3 

-8.39 

-10 

mA 

PS/2  Compatible 

C  -3 

-8.88  01 

-lOOi  1 

bbA  -< 

CAUTION  ^  

ESD  (electrostatic  discharge)  sensitive  deriqe.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  ( 
static  fidds.  Unused  devices  must  be  stored  in  conductive  foam  or  shimts.  The  piote 
should  be  discharged  to  the  destination  socket  before  devices  are  inserted. 

ABSOLUTE  MAXIMUM  KAIINGS' 

Vaa  «o  GND  .  .■.     i  .  .  ,i  .  v.  .  .  . 
Voltageian'any-DigitaliFia'    .  .  GND  -  0.5  V  to  V^ 

AmbicaKiOlie^iting  7tmtlsm>aeJ^jCl  

Storage  Temperature  (Ts) 
Jimction  Temperature  (Tj) 
Lead  Temperature  (Soldering,  10  sees) 
Vapor  Phase  Soldering  (2  minutes) 

ICR,  IPG,  lOB  to  GND'   .  0 

NOTES 

^Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 

pennanoit  damage  to  the  device.  This  is  a  stKss  rating  only  and  functional 

operatiMi  of  the  device  at  these  or  any^dkerconditions  above  those  Hated  in  die 

aperational  aectians  «f  As  ii|il  flfiiiriiiiB  la  aet  inqiUed.  Exposure  10  abaehne 

maximum  rating  rnilllt|h||l>i»  4|M||M|MMI  IBQr  nfitet  detMIMMMR^ 
■Analog  output  short         W  (U9  pmmWUlf  or  eonaign  em' 

indefinite  duration. 


ORDERING  GUIDE 


Model 

Speed 

DAG 

Resolution 

Palette 
Size 

Temperature 
Range 

Package 
Option* 

ADV477KP80 

80 

MHz 

8-Bit 

256 

X 

24 

o-c 

to 

+70°C 

P-44A 

ADV477KP66 

66 

MHz 

8-Bit 

256 

X 

24 

0°C 

to 

+70°C 

P-44A 

ADV477KP50 

50 

MHz 

8-Bit 

256 

X 

24 

o°c 

to 

-l-70°C 

P-44A 

ADV477KP35 

35 

MHz 

8-Bit 

256 

X 

24 

0°C 

to 

-(•70°C 

P-44A 

ADV475KP80 

80 

MHz 

6-Bit 

256 

X 

18 

o°c 

to 

+70''C 

P-44A 

ADV475KP66 

66 

MHz 

6-Bit 

256 

X 

18 

o°c 

to 

+70°C 

P-44A 

ADV475KP50 

50 

MHz 

6-Bit 

256 

X 

18 

o°c 

to 

-l-70'€ 

P-44A 

ADV475KP35 

35 

MHz 

(S-Bit 

256 

X 

18 

o°c 

to 

-1-70°C 

P-44A 

BLANK  ^ 

Do[r 

DlJT 
D2  [l£ 

mJu 

05  jS  ' 
D6  [h 
D7  [li 
iSfR  [« 
RSoj^ 


.  baol  adi  Urn  l-r 


ADV477/ADV475 

TOP  VIEW 


5]  P7 
m]  PS 
^  PS 
m]  P4 
s|  P3 
m]  P2 
5]P1' 

s)po 

3T]VnEF 

w]0PA 
^COMP 


ED  ED  □  SI  □  □  □  □  □IQIE] 


§  S  g 


*P  =  Fbadc  Leaded  G-Lead)  Chip  Carrier  (PLOC).  Kor  oadiiie  infinuitiin 
•ee  Fadiage  Infisnnation  section. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  qhapge- without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  rnanufacture  Mnless  otherwise  agreecf  to  in  writing.  ...       ^u- ...  .  , 
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PIN  FUNCTION  DESCRIPTION 
Pin  Mnemonic  Fttaetfon 

BLANK 


SETUP 


SYNC 


P0-P7 
OL0-OL3 
ICR,  iqG,  IOB 


Composite  blank  control  input  (TTL  compatible).  A  . logic  tee^,  (Un«>  liie  «|)8l(^. outputs  to  Ae  blanking  level.  It 
is  latched  on  the  rising  edge  of  CLOCK.  When  BLANK  is  aj||$jcal  zero,  di^^txd  and  oyarlay  inputs  are 
ignored. 

Setup  control  input.  Used  to  spedly  either  a  0  IRE  (SETUP  =  GND)  or  7.5  IRE  (SETUP  =  V^a)  Wanking 
pedestal. 

Composite  sync  control  input  (TTL  compatible).  A  logical  zero  on  this  input  switciies  <^  a  40  IRE  corient 
source  on  the  analog  outputs.  SYNC  does  not  pverri<te  any.  other  control  or  data  input;  dierefore,  it  should  be 
asserted  only  during  the  blanking  intefvil.  Itls'litclieif'dn 'thed'sing  edge  of  CLOCK. 

Clock  input  (TTL  compatible).  The  rising  edge  of  CLOCK  latches  the  P0-P7,  OL0-OL3,  SYNC,  and  BLANK 
inputs.  It  is  typically  the  pixel  clock  rate  of  the  video  system.  It  is  recommended  that  CLOCK  be  driven  by  a 
dedicated  TTL  buffer. 

Pixel  select  inputs  (TTL  compatible).  These  inputs  specify,  on  a  pixel  basis,  which  one  of  the  256  entries  in  the 
color  palette  RAM  is  to  be  used  to  provide  color  information.  They  are  latdied  on  the  rising  edge  of  CLOCK.  PO 

is  the  LSB.  Unused  inputs  should  be  connected  to  GND. 

Overlay  select  inputs  (TTL  compatible).  These  inputs  specify  which  palette  is  to  be  used  to  provide  color 
information.  When  accessing  the  overlay  palette,  the  P0-P7  inputs  are  ignored.  They  are  latched  on  the  rising 
edge  of  CLOCK.  OLO  is  the  LSB.  Unused  inputs  should  be  connected  to  GND. 

Red,  green,  and  blue  ciurent  outputs.  These  high  impedance  curr^|  sources  are  capable  of  directly  driving  a 
doubly  terminated  75  CI  coaxial  cable.  ^W.^>(f 

Full-scale  adjust  control.  Note  that^lf|j^£i«lationships  a&  n^^mned,  regardless  of  the  full-scale  output 
current 

,  ^Hke^  uaBg  an 
ou^tis;;  _ 

*slWS)  =  K  X  1,000  X  fl^y  (v)  I  lovT  C«AJ 
K  is  defined  in  the  table  b^w.ift  is  recommended  tbt  a  147  O  value  of  RsBi^  tssiStw  be       let  dptt^  ■ 
terminated  75  Si  loads  (RS-j43A  applications).  For  PS/2  appUcations,  where  0.7  V  is  driven  into  SO  O  and  which 
doesn't  have  SYNC  encoded,  a  182  fl  resistibr  is  recommended. 

When  using  an  external  current  reference,  the  reladonship  between  I^ef  and  the  full-scale  output  current  on  each 
output  is:  i> 


itot  0^set)  connect^  betweoi  this  pin  and  GND  controls  jdie 
ilationship  be^|||n  Jt^^jnd  tlie  fiiU-scale  output  canent  oo  eadi 


INjrt  .  .     Color  Resohitioif 

Pedestal 

K  (SYNC  Enabled) 

K(SYNCDisaUed) 

Mm??  6-Bit 

7.5  IRE 

3.170 

2.26 

•■    -W'^?  8-Bil 

7.5  IRE 

3.195 

2.28 

OIRE 

3.000 

2.10 

■  ■  :      '  soffit 

OIRE 

3.025 

2.12 

ADV475  6-Bit 

7.5  IRE 

3.170 

2.26 

8-Bit 

OIRE 

3.000 

2.10 

COMP  -'  CompensationiMn.  If  an  enonal  voltage  idoenoe  is  iised,  this  pin  should  be  connected  to  OPA.  If  an  ex^^ 

current  refaaiix  is  Witifi^'A  ahouUlfievonnected  to  Ikef-  A  0.1  |xF  ceramic  capadtor  must  ^ways  b$  used 
to  bypass  Ml  f'^^ «  'f-  '-  ■  •'!  ."  v       *^;is  .. 

Vref  Voltage  reference  input.  If  an  external  voltage  reference  is  used,  it  must  supply  this  input  vrith  a  1.2v  (typical) 

reference.  If  an  external  current  reference  is  used,  this  pin  should  be  left  floating,  except  for  the  bypass  capadtor. 

A  0.1  ^.F  ceramic  capacitor  must  always  be  used  to'd^ciwPe'tUs'ii^ttt  to  V^a-  When  using  the  internal 

reference  circuitry,  this  pin  should  only  be  connected  to  ^  bypass  capadtor. 
QPA  Reference  amplifier  output.  If  an  external  voltage  tefeienoe  is  laed,  diis  pm  must  be  connected  to  COMP.  Wfaen 

using  an  external  current  reference,  this  pin  should  be  left  floating.  '^i- 


Thta  inforniMioitaiipliaclKstpradtBttuniv^demlopm  Its  cIttraeHriatioiiandspeciiicationk  am  subject  to  change  without 
notice.  Analog  Devi^tsssumes  woWigatien  rkgarding  future  manufocturetjnle»  otben«ise.agreed  to  in  vwiting. 
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PIN  FUNCTION  DESCRIPTI01ft^M«il«M|" 


Pin  Mnemonic 


Function 


Analog  power.  All  V^A  pins  must  be  CMinected.  r-iii'^  m  .  ..y.  „> 

Analog  ground.  All  GND  pins  must  be  connectttf.'^'  '  ^'  ~ 
Write  control  input  (TTL  compatible).  DO-D^  da^  is  latched  on  the  rising  edge  of  WR,  and  RS0-RS2  are 
latched  on  the  falling  edge  of  WR  during  MPU  write  operations. 

Read  control  input  (TTL  compatible).  To  read  data  from  the  device,  RD  must  be  a  logical  zero.  RS0-RS2  are 
latched  on  the  falling  edge  of  RD  during  JVU'U  read  operations. 

Register  select  inputs  (TTL  compatible).  RS0-RS2  specify  the  type  of  read  or  write  operation  being  peifonned. 
Data  bus  (TTL  compatible).  Data  is  transfened  into  waii  out  <^  (be  device  pver  this  eigbt  bit  bifiieetiaild  data 
bus.  DO  is  the  least  significant  bit. 

ADV475  (ADV477)  or  ADV471  select  input  (TTL  compatible).  When  this  input  is  floating  or  a  logical  zho,  the  ' 
ADV477/ADV47S  behaves  exactly  as  an  ADV471  with  antisparkle  capabilities.  When  this  input  is  at  a  logical 
one,  the  extra  capabilities  of  the  ADV477/ADV47S  are  available.  The  Command  Register  (CR)  becomes  active. 

.t  jCinCL  compatible).  SENSE  is  a  logic4  zero  if  one  or  more  of  the  lOR,  lOG  and  Kffl  o^^uis  have  ' 
[  tJie  intenul  visage  reference  level  (335  mV). 


w 

RSO,  RSI,  RS2 
DO-D? 

475/471  (477/471) 


TERMINOLOGY 
BLANKING  LEVEL 

The  level  separating  the  SYNC  portion  from  the  Video  portion 
of  the  wavef(tfm.  Usually  referred  to  as  the  front  porch  or  back 
porch.  At  0  IRE  Units,  it  is  the  level  which  will  diut  off  the 
picture  tube,  resulting  in  the  blacked  poissibie'fHetM.' 

COLOR  VIDEO  (RGB) 
This  vinully  iiefers  to  the  t^duliatie  of 
mary  colors  of  red,  grieem  idd  blue  to 
within  the  usual  spectrum.  In  RGB 
would  be  required,  one  for  eadi  c^or. 

COMPOSITE  SYNC  SIGNAL  (SYNC) 
The  position  of  the  composite  video  signal  which  synchronizes 

the  scanning  process. 

COMPOSITE  VIDEO  SIGNAL 

The  video  signal  vMk0i1lMimt^l^,  fius  ttie  (:omposite 
SYNC  signal. 

GRAYSCALE 

The  discrete  levels  of  video  signal  between  Reference  Black  and 
Reference  White  levels.  An  8-bit  DAC  contains  256  different 
levels  while  a  6-bit  DAC  contains  64.       .  ^ 

RASTER  SCAN  ^;  <^ 

The  most  basic  method  of  swcepbi^  @tX:^  iine  at  a  time-to  , 

gamate  and  diq>lay  images.  ' 

REFERENCE  BLACK  LEVEL 

The  maximum  ne^idve  polarity  amplitude  of  the  video  signal. 
REFERENCE  WHITE  LEVEL 

The  maximiun  positive  polarity  amplitude  of  the  video  signal. 
SETUP 

The  difference  bietnise^id^  Rjfacence  Bl|^.^^^^  Jb£, jdank- 
inslevel.  '     "         "  ,  ,  , 

SYN&LEVQ,'     r  -  :  ,y~'.- 

The  peak  level  of  the  composite  SYNC  signal. 

VIDEd  SIGNAL 

That  portion  of  the  composite  video  signal  which  varies  in  gray 
scale  levels  between  Reference  White  and  Reference  Black.  Also 
icferted  to  as  the  picture  sisnal,  this  is  the  portion  iriiich  may 
be  visoaBy  observed! 


CIRCUIT] 


£.!< 


support  a  standard  MPU  bus  inter- 
iiU^  W  tte^otor  iMiR  RAM 


lilies,  RS0-RS2,  specify  whether  the 
address  register,  the  color  palette  RAM, 
_     i,  or  read  mask  register.  These  controls  also 
ihiether  this  access  is  a  read  or  write  function. 
I'^ustragkdiis  decoding.  The  8-bit  address  register  is 
used  tTT'yWTitfflffllymmn  of  the  color  palette  RAM  and  over- 
Table  I.  Control  Input  Truth  Table 


M!s2  I  Rl 


4ls2 

RSI 

RSO 

Addressed  by  MPU 

0 

0 

0 

Address  Register  (RAM  Write  Mode) 

0 

1 

1 

Address  Register  (RAM  Read  Mode) 

0 

0 

1 

Color  Palette  RAM 

0 

1 

0 

Pixel  Read  Mask  Register 

1 

0 

0 

Address  Register  (Overlay  Write  Mode) 

1 

1 

1 

Address  Register  (Overlay  Read  Mode) 

1 

0 

1 

Overlay  Registers 

1 

1 

0 

Command  Register* 

*AvuliibIe  only  when  the  475/47]  (477/47l|)ilbl'fc^'le«><:  "L" 
Color  Palette  Writes 

The  MPU  writes  to  the  address  register  (selecting  RAM  write 
mode,  RS2  =  0,  RSI  =  0  and  RSO  =  0)  with  the  address  of  the 
color  palette  RAM  location  to  be  modified.  The  MPU  performs 
three  successive  write  cycles  (8  or  6  bits  each  of  red,  green,  and 
blue),  using  RS0-RS2  to  select  the  color  palene  RAM  (RS2  =  0, 
^RSl  =  0,  RSO  =  1),  After  the  blue  write  cycle,  the  three  bytes 
,  of  color  information  are  concatenated  into  a  24-bit  word  or  an 
18-bit  word  and  are  written  to  the  location  specified  by  the 
address  register.  The  address  register  then  increments  to  the 
next  location,  which  the  MPU  may  modify  by  simply  writing 
another  sequence  of  red,  green,  and  blue  data.  A  complete  set  of 
colors  can  be  loaded  into  the  palette  by  initially  writing  the  start 
address  and  then  performing  a  sequence  of  red,  green  and  blue 
writes.  The  address  automatically  increments  to  the  next  highest 
ioeatian  after  a  blue  write. 


This iirformMion  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devicaiassumes  no  obligation  regarding  future.manufaeture  unless  otherwise  agreed  to  In  writing. 
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Color^iletleuSeada;  -  .'-ri  J.--  q  j  -  ■  '.^ 
The  M^mitn'to-te^&^ngi8t«;'(«dec^^KAM  read  ■ 
modei(iR@'=4Q»^RSt  ^  landRSO^  1)  «Ah  die  •duress  of  the 
coin  Ddtnc  SAM  locafiOA'  to  be  read  badstThej  contents  of  the 
pilfetieKAMraKi«^Hed!to4leiiedv{gneii'aud  Htie'i^lMtn  and- 
ibe  ad(b«u  tegistor  iiifereraeiits  trpoiut  terde  nllit' palette- RAM 
location.  The  MFU  then  perform  three  successiTe  read  cycles  (8 
or  6  bits  each  of  red,  green,  and  blue),  using  RS0-RS2  to  select 
the  color  palette  RAM  (RS2  =  0,  RSI  =  0,  RSO  =  1).  After  the 
blue  read  cycle,  the  24/18  bit  contents  of  the  palette  RAM  at  the 
locatio^,  specified  by  the  address  register  is  loaded  into  the  red, 
green  and  blue  registers.  The  address  register  then  increments 
to  the  next  location  which  the  MPU  can  read  back  by  simply 
reading  another  sequence  of  red,  green,  and  blue  data.  A  com- 
plete set  of  colors  can  be  read  back  from  the  palette  by  initially 
writing  the  start  address  and  then  performing  a  sequence  of  red, 
green  and  blue  reads.  The  addiess  automatically  increments  to 
m  a&lOifilSmaia^aiei  k  filne  read. 

Overlay  Color  Writes 

The  MPU  writes  to  the  address  register  (selecting  OVERLAY 
REGISTER  write  mode,  RS2  =  1,  RSI  =  0  and  RSO  =  0)  with 
the  address  of  the  overlay  register  to  be  modified.  The  MPU 
performs  three  successive  write  cycles  (8  or  6  bits  each  oC 
green,  and  blue),  using  RS0-RS2  to  select  the  ovecby  rqlenrs 
(RS2  =  1,  RSI  =  0,  RSO  =  1).  After  the  bluejW^t^cle,  the 
three  bytes  of  color  information  are  concatenated  into  a  24-bit 
word  or  an  18-bit  word  and  written  to  the  overlay  register  speci- 
fied by  the  address  register.  The  address  register  then  incre- 
ments to  the  next  overlay  register  which  the  MPU  may  modify 
by  simply  writing  another  sequence  of  red,  green,  and  blue 
data.  A  complete  set  of  colors  can  be  loaded  into  the  overlay 
registers  by  initially  writing  the  start  address  and  then  perform- 
ing a  sequence  of  red,  green  and  blue  writes.  The  address  auto- 
matically increments  to  the  next  hi^^i^at6miita  a  blue 
write. 

Overlay  Color  Reads 

The  MPU  writes  to  the  address  register  (selecting  OVERLAY 
REGISTER  read  mode,  RS2  =  1,  RSI  =  1  and  RSO  =  1)  with 
the  address  of  the  overlay  register  to  be  read  back.  The  contents 
of  the  overlay  register  are  copied  to  the  red,  green  and  blue  reg- 
isters and  the  address  register  increments  to  point  to  the  next 
highest  overlay  register.  The  MPU  then  perform  three  succes- 
sive read  cycles  (8  or  6  bits  each  of  red,  green,  and  blue),  using 


RS0^ltS2  to  i^m  the  Oveday  Roisters  (RS2  =  1,  RSI  =  0, 
RS8"='l)i  After  die  bteteid  cyde,  the  24/18  bit  contents  of 
the  d«ei&9'lr^$8ler  at  dtfe^spedfied  addiess  roister  loeaooa  is  ' 
loaded  iift^  dt^ted;  gnenttid  blue  regist^.  Tte  addiesi'i^is' 
tsibm'isKxaieaitstiS'fbit  next  avedxf  legjster  ^i^^^  MFU' 
can  read-6ick  ^'^p^  leatUiig  aiuider  sequent  of  ted^  jireeii;>^ 
and'Muedtm:  A%l»A)ffctS'set  of  cdiHScaatier^ba^fibiil  ' 
die  ovM^  ffegi^tecs     iiikutffy  writing  die  sunt  addicts  and 
diQi  peiliaanitg  lf  seqti^ice  ctf  ted,  gieen  and  tine  reads.  The 
addt^  «&toBiu^ei$i^  m^ienaents  to  die  nect  lughest  loeatte 
after  a  blue  read. 

Internal  Address  Register  (ADDR) 

When  accessing  the  color  palette  RAM,  the  addiess  register  re- 
sets to  OOH  following  a  blue  read  or  write  cycle  to  RAM  location 
FFH.  When  accessing  the  overlay  color  r^st^,  the  address 
register  increments  &Uowing  a  blue  read  or  write  cycle.  How- 
ever, while  acces4uUie  overlay  color  registers,  the  four  most 
significant  |tf^|jnM^ieTe  are  only  IS  overlay  registers)  of  the 
address  register  (ADDR4-7)  are  ignored. 

To  keep  track  of  the  red,  green,  and  blue  read/write  cycles,  the 
address  register  has  two  additional  bits  (ADDRa,  ADDRb)  that 
count  modulo  three,  as  shown  in  Table  II.  They  are  reset  to 
zero  when  the  MPU  writes  to  the  address  register,  and  are  not 
reset  to  zero  when  the  MPU  reads  the  address  register.  The 
MPU  does  not  have  access  to  these  bits.  The  other  eight  bits  of 
the  address  legister,  incremented  following  a  blue  read  or  write 
cyd^j^CDt^^  are  accessiUe  to  die  MFU,  and  are  used  to 
°^1(^  palette  RAM  locations  and  overlay  registers,  as 
Table  n.  ADDRO  is  the  LSB  when  the  MPU  is  ac- 
;  d)K  RAM  or  overlay  registers.  The  MPU  nu^  read  the 
'  address  r^isler  at  any  time  withont  modi^ring  its  contents  or 
the  existing  naSfwam  ma^. 

Note:  The  pixel  doek  must  be  active  for  AiPU  accesses  to  the 
color  palette. 

SynchTonization 

The  MPU  interface  operates  asynchronously  to  the  pixel  port. 
Data  transfers  between  the  color  palette  RAM/overlay  registers 
and  the  color  registers  (R,  G,  and  B  as  shown  in  the  block  dia- 
gram) are  synchronized  by  internal  logic,  and  occur  in  the  pe- 
riod between  MPU  accesses.  Internal  circuitry  has  been  included 
to  reduce  noticeable  sparkling  on  some  CRT  systems  which  can 
occur  during  MPU  accesses  to  the  color  palette  RAM. 


'  Table  IL  'Address  Register  (ADDR)  Operation 


Value 

RS2 

RSI 

RSO 

Addressed  by  MPU 

ADDRa,  b  (Coiml^  itiiflo  h 

-do  ' 

Red  Value 

01 

Green  Value 

10 

Blue  Vahie 

ADDRO-7  (Counts  Binaiy) 

OOH-FFH 

0 

0 

1 

Color  Palette  RAM 

xxxx  0000 

1 

0 

1 

Reserved 

xxxx  0001 

1 

0 

1 

Overlay  Color  1 

1  ' 

xxxx  0010 

1 

0 

1 

Overlay  Color  2 

xxxx  1111 

1 

0 

1 

Overlay  Color  15 

This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  WWlout  nottee. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 


REV.  0 


DIGITAL-TO-ANALOG  CONVERTERS  2-833 


by  setting  the  477/471  input  of  the  ADV477  and  475/471  input 
of  the  475/471  to  a  logic  "0".  The  internal  Command  Register 
(CR)  is  disabled  and  6-bit  color  resolution  is  automatically 
selected.  Color  data  is  contained  on  the  lower  six  bits  of  the  dau 
bus,  with  DO  being  the  LSB  and  DS  the  MSB  of  color  data. 
When  writing  color  data,  D6  and  D7  are  ignored.  During  color 
read  cycles,  D6  and  D7  will  be  a  logical  "0."  It  should  be  noted 
that  when  the  ADV477  is  in  6-bit  mode,  full-scale  ouqnit  cur- 
rent will  be  reduced  by  approximately  1.5%  reladve  to  the  8-bit 
mode.  This  is  the  case  mice  the  2  LSBs  of  each  of  the  three 
DACs  are  always  set  to  zero  in  6-bit  mode. 

ADV477/ADV475  Enhancements 

The  enhanced  modes  of  operation  provided  by  the  ADV477/ 
ADV475  can  be  implemented  when  the  477/471  and  475/471 
pins  on  the  ADV477  and  ADV475,  respectively,  are  at  a  logic 
"1."  The  internal  Command  Register  (CR)  now  becomes  active, 
thereby  allowing  for  full  programmability  of  these  enhanced 
modes.  Command  bit  CRl  stlf^^^j^f^iTJ  to  operate  in  6-bit 
or  8-bit  color  resolution. 

Command  Register  (CR) 

The  ADV477/ADV475  has  an  internal  command  register  which 
becomes  active  when  the  475/471  (477/471)  pin  is  a  logic  "1." 
This  register  is  8  bits  wide,  CR0-CR7  and  is  directly  mapped  to 
the  MPU  data  bus  on  the  part,  D0-D7.  The  command 
register  can  be  written  to  or  read  from.  It  is  not  initialized, 
therefore  it  must  be  set  if  the  477/471  (475/471)  pin  is  high. 
Figure  4  shows  what  each  bit  of  the  CR^gist^  controls  and 
shows  the  values  it  must  be  programme^p  for  vaoaps  modes 
of  operation. 


sleep  mode.  This  is  especially  usefiil  in  power  sensitive  systems 
such  as  portable  or  lap-top  computers.  This  power-down  mode 
is  controlled  by  the  Power-Down  bit  (CRO)  of  the  command  reg^ 
ister.  When  CRO  is  "0",  the  device  goes  into  pom!Ci^dowBtmode<  i 
When  CRO  is  "1",  the  part  operates  normally.  ' 

The  power  to  three  DACs  and  the  RAM  is  turned  off  while 
CRO  is  low.  The  contents  of  the  palette  RAM,  however,  remain 
valid  in  the  power-down  state  and  normal  read/write  operations 
can  be  made  to  the  part  over  the  MPU  port.  During  the  actual 
read/write  operations  (when  CRO  =  0)  the  RAM  will  be  tempo- 
rarily powered  up,  and  on  completion  of  MPU  accesses  the 
RAM  returns  to  its  shut-down  state. 

The  three  DACs  in  the  ADV477/ADV475  will  be  shut  off  in  the 
power-down  mode  only  when  the  part  is  operated  in  the  voltage 
reference  configuration  (internal  or  oMnai  refoenc^).  A  fur- 
ther decrease  in  power  consumption  caa.^f^^iW^v^-lftWimg,,, 
off  the  external  voltage  reference. 

If  operating  in  t^  currenfjreference  configiuration,  the^  Im^  cui>| 
rou  ne«ls  lllb;:  ^0  mA  when  in     pointer-^3f^  ' 

;  the  total  power  consunipt^n. ,  i  .-^ 

ISENSBCaaiMl 

■tors  can  be  tised  te  cOB)ittctiaB     '  v 
ntxot  to.^^eiMilJiMHdwror  not  a 
!  RGB  sDiiiiim^lM 

SENSE  will  be  a  logic  "0"  if  the  voltage  on  one  or  more  of  the 
lOR,  lOG  and  lOB  outputs  is  greater  than  the  internal  voltage 
reference  leydrfSSS  mV.  A  loaded  (SENSE  =  "1")  and 
unloaded  (SENSE  =  "0")  RGB  line  is  now  discernible. 


PEDESTAL  ENABLE 

CONTROL  (SETUP)" 

CRS 

0 

OIRE 

1 

7.5  IRE 

□4 


BLUE  SYNC  ENABLE 

CR4 

0 
1 

NO  SYNC  ON  BLUE 
SYNC  ON  BLUE 

•  A  LOGIC  "O"  MUST  BE  WRITTEN  TO 
CR7  AND  A  LOGIC  "1"  MUST  BE 
WRnTENTOCRS. 


(CR3)  (CR2)  (cm  ) 


CRO 

3 


POWER-DOWN 

ENABLE 

CRO 

0 

NORMAL 

OPERATION 

1 

POWER-DOWN 

RAM-DAC 

RESOLUTION  CONTROL 

CRl 

P 

e-BiT 

'  1 

8-BIT 

RED  SYNC  ENABLE 

CR2 

0 
1 

NO  SYNC  ON  RED 
SYNCONBEft 

GREEN  SYNC  ENABLE 

CR3 

0 
1 

NO  SYNC  ON  GREEN 
SYNC  ON  GREEN 

This  information  applies  to  a  product  under  development.  Its  cHatact^isticS'taiid  tffieeffiteatrans  lire  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  futuie manilfac»rtw UMjasS othMWs#agiSS#t)t>l)$ writing.^ ^  ^^j.v:,'. 
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llus  internal  voltage  reference  level  has  a  ±5%  tolerance  when 
using  an  external  voltage  reference.  A  tolerance  of  ±  10%  is 
achievable  with  the  ADV477/ADV475'S  internal  voltage  icfeience. 

Frame  Buffer  Interface 

The  P0-P7  and  OL0-OL3  inputs,  which  are  latched  in  on  the 
rising  edge  of  CLOCK,  are  used  to  address  the  color  palette 
RAM  and  overlay  registers,  as  shown  in  Table  III.  The  contents 
of  the  pixel  read  mask  register,  which  may  be  accessed  by  the 
MPU  at  any  time,  are  bit-wise  logically  ANDed  with  the  P0-P7 
inputs.  Bit  DO  of  the  pixel  read  mask  register  corresponds  to 
pixel  input  PO.  The  addressed  location  provides  an  RGB  word 
(24  bits  for  the  ADV477  and  18  bits  for  the  ADV475)  of  color 
information  for  the  three  RGB  D/A  converters. 

The  SYNC  and  BLANK  inputs,  also  latched  on  the  rising  edge 
of  CLOCK  to  maintain  sjmcfalOBization  with  the  color  data,  add 
appropriately  weighted  currents  to  the  analog  outputs,  produc- 
ing the  specific  output  levels  required  for  video  appUcations,  as 
illustrated  in  Figures  5  and  6.  Tables  IV  and  V  .^^aii  how  the 
SYNC  and  BLANK  iiqiuts  modify  the  00^  levels. 


Table  m.  Pixel  and  Overlay  Control  Truth  TaUc 
(Pixel  Read  Mask  Register  =  FFH) 


OL0-OL3 

P0-P7 

Addressed  by  Frame  Buffer 

OH 

OOH 

Color  Palette  RAM  Location  OOH 

OH 

OIH 

Color  Palette  RAM  Location  OIH 

OH 

FFH 

Color  Palette  RAM  Location  FFH 

IH 

xxH 

Overlay  Color  1 

2H 

xxH 

Overlay  Color  2 

CV'  ■  '  -.    if-  . 

FH 

xxH 

Overlay  Color  15 

The  SETUP  input  is  used  to  specify  whether  a  0  IRE  (SETUP 
=  Gi^lD)  or  7.5  IR^(SETUP  =  V^a)  blanking  pedestal  is  to  be 
used. 

The  analog  outputs  of  the  ADV477  and  ADV475  are  capable  of 
ctl^^^i^  a  37.5  O  load,  such  as  a  doubly  terminated  75  11 


MA 

V 

26.67 

1.000 

9.05 

0.340 

7.62 

0.286 

0.00 

0.000 

X  ^^^^^ '  1 

;|7.5IRE  - 

40l(« 

WHITE  LEVEL 


BLACK  LEVEL 
BLANK  LEVEL 

SYNC  LEVEL 


2.  EXTERNAL  VOLTAOE  OR  CWpaiTflElfflpNCEiUMIISTEO 

3.  R»a4M  LEVELS  AND  T01£RMKSS  ASSUME 

figure  S.  &>inposltg  Video  Output  Waveform  (SETUP  =  VytjJ 


;>.<). 

■.•jj' 


1  box  t}\lrpthi  If 


DAC 

Description 

loUT 

(mA) 

SYNC 

BLANK 

Input  Data 

WHITE 

26.67 

1 

FFH 

DATA 

data  -1-  9.05 

1 

data 

DATA-SYNC 

data  +  1.44 

0 

data 

BLACK 

9.05 

1 

OOH 

BLACK-SYNC 

1.44 

0 

OOH 

BLANK 

7.62 

1 

0 

xxH 

0 

"O"-  ■■  - 

NOTES 

1.  Typical  withj 

2.  External  vol 
output. 


S.67  mA,  SETUP  =  V^. 

e  adjusted  for  26.67  mA  full-scale 
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PV477/ADV475 


WHITE  LEVEL 


LEVEL 


SYNC  LEVEL     ,.  . 

NOTES  V'Vva/. 

1 .  CONNECTED  WITH  A  75(1  DOUBLY  TERMINATED  LOAD,  SETUP  :  GND.  .     .     r.  ^  < .       1.      imdf  Stb  i  ^ 

2.  EXTERNAL  VOLTAGE  OR  CURRENT  REFERENCE  ADJUSTED  FOR  28«7tllA  FULL-SCALE OUIKUC.      .  ,  . 

3.  RS-343A  LEVELS  AND  TOLERANCES  ASSUMED  ON  ALL  LEVELS.  ..:-.-?.MH'-   ^tt^^l:•'  /ft^AJU  B; 

Rfliure  6.  Composite  Video  Output  Waveform  (SETUP  =  GND}      -  -i,.,  c.^ii^^v..  ■. 
,  .     ..  ,         Table  V.  Video  Output  Truth  Table  (SETUP  =  GND)  ^    ^  ; 

Description 

WHITE 

i-r-K     DATA  data  +  ».05    1  1  data     ^       o!».t  w« 


PC  BOARD  LAVOirr  CONSroERATIONS   

PC  Board  Considerations 

The  layout  should  be  optimized  for  lowest  noise  on  the 
ADV477/ADV47S  power  and  ground  lines  by  shielding  the  digi- 
tal inputs  and  providing  good  decoupling.  The  lead  lengdi 
between  groups  of  V^a  and  GND  pins  diould  by  minimized  so 
as  to  minimize  inductive  ringing. 

Gfonad  Planes 

The  ground  plane  should  encompass  all  ADV477/ADV475 
ground  pins,  current/voltage  reference  circuitry,  power  supply 
bypass  circuitry  for  the  ADV477/ADV475,  the  analog  output 
traces,  and  all  the  digital  ^lal  tTac|s  lc;i^jpg  up  to  die 
ADV477/ADV475. 

Power  Planes 

The  ADV477/ADV475  and  any  associated  analog  circuitry 
should  have  its  own  power  plane,  referred  to  as  the  analog 
power  plane.  This  power  plane  should  be  connected  to  the  regu- 
lar PCB  power  plane  (V^c)  at  a  single  point  through  a  ferrite 
bead,  as  illustrated  in  Figures  7,  8  and  9.  This  bead  should  be 
located  within  three  inches  of  the  ADV477/ADV475. 

The  PCB  power  plane  should  provide  power  to  all  digital  logic 
on  the  PC  board,  and  the  analog  power  plane  should  provide 
power  to  all  ADV477/ADV473  power  pins  and  cuneni/voltage 
tefnenee  drcnitty. 


Hane-to-plane  tssAse  coupling  3ur1»e  ieUciii'-by  ensuring  that 
portions  of  the  regular  PCB  power  and  ground  planes  do  not 
overlay  portions  of  the  analog  power  plane,  unless  they  can  be 
arranged  such  that  the  pifqe-tD-p]af(^g$MgJf)fpam<Bi  mode. 
Supply  Decoupling  S 
For  optimum  performance,  bypass  capacitors  should  be  installed 
using  the  shortest  leads  possible,  consistent  with  reliable  opera- 
tion, to  reduce  the  lead  inductance.  Best  performance  is 
obtained  with  a  0.1  nF  ceramic  capacitor  decoupling  each  of  the 
'  tMi  gtiDUiM  of  Vaa  pins  tb  GND.  These  capacitors  should  be 
placed  as  close  as  possible  to  the  device. 

It  is  important  to  note  that  while  the  ADV475  and  ADV477 
contain  circuitry  to  reject  power  supply  noise,  this  rejection 
decreases  with  frequency.  If  a  high  frequency  switching  power 
supply  is  used,  the  designer  should  pay  close  attention  to  reduc- 
ing power  supply  noise  and  should  consider  using  a  three- 
terminal  voltage  regulator  for  supplying  power  to  the  analog 
power  plane. 

Digital  Signal  Interconnect 

The  digital  inputs  to  the  ADV477/ADV475  should  be  isolated  as 
much  as  possible  from  the  analog  outputs  and  other  analog  cir- 
cuitry. Also,  these  input  signals  should  not  overlay  the  analog 
power  plane. 


This  information  appllesito-jei.pFoduct  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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Due  to  the  high  clock  rates  involved,  long  clock  lines  to  the 
ADV477/ADV475  should  be  avoided  to  reduce  noise  pickup. 

Any  active  termination  resistors  for  the  digital  inputs  should  be 
connected  to  the  regular  PCB  power  plane  (Vcc))  and  not  the 
analog  power  plane. 

Analog  Signal  Interconnect 

The  ADV477/ADV475  should  be  located  as  dose  as  possible  to 
the  output  connectors  to  minimize  noise  pickup  and  reflections 
due  to  impedance  mismatch. 

The  video  output  a^oals  ^ould  overlay  the  ground  plane,  and 
n|it  the  analog  imn^r  plane,  to  maximize  the  high  frequency 
power  supply  rejection. 

For  maximum  performance,  the  analog  outputs  should  each 
have  a  75  fl  load  resistor  connected  to  GND.  The  connection 
between  the  ciurent  output  and  GND  should  be  as  close  as  pos- 
sible to  the  ADV477/ADV475  to  minimize  reflections. 


ANALOa  POWER  PLANE 


ANALOQ  POWER  PLANE 


COMPONENT 

DlSCRIPnON 

VENDOR  PART  NUMBER 

C1-C5 

0.1|lF  0RAMIC  CAPACITOR 

EMEHPEiiaaiUioMaov 

C6 

lift  I^NTALUM  CAPACrrOR 

MALLORY  CSRISalDSMII 

L1 

FERRm  BEAD 

FAIR-RITE  2743001111 

R1,  R2,  US  '-If 

Tie  1%  METAL  FILM  RESISTOR 

DALE  CMF 

Rkt           h  ^ 
 1 

1%  METAL  FILM  RESISTOR 

Figure  8.  Typical  Connection  Diagram 
(Internal  Voltage  Reference  I 


COMPONENT 

VSIDOtilWiT  NUIffiER 

C1-CS 

o.i|iF  cEHAinc  cAmkcirbR 

ce 

10|iF  TANTALUM  CAPACITOR 

MALLORY  CSR13Q10WH 

LI 

FERRrtE  BEAD 

FAIR-RITE  2743001111 

R1,R2,R3 

7Sa  1%  METAL  HLM  RESISTOR 

DALE  CMF 

R4 

mamiiisisreR 

^SET 

1%  HETALPUI  RESISTOR 

11 

Ijm  VOLTAGE  RePER^IGE 

ADSSOJN 

lORO 
lOQQ' 
lOB 


TTL  DAC  CONTROL 
-0"sDACsOFF 
"1"  =  DACi  ON 


■  <<V(Vcc) 


'ROB 
-fe]  VIDEO 
.  OUIPUT 


Figure  7.  Typical  Connection  Diagram 
(External  Voltage  Reference) 


COMPONENT 

DESCRIPTION 

VENDOR  PART  NUMBER 

C1-CS 

0.1|iF  CERAMIC  CAPACrrOR 

ERIE  RPE112ZSU104MS0V 

CO 

10)iF  TANTALUM  CAPACITOR 

MALLORY  CSR13Q106KM 

C7 

1|lF  TANTALUM  CAPACITOR 

MALLORY  CSR13G106KM 

LI 

FERRITE  BEAD 

FAIR-RITE  2743001111 

Rt,  R2,  R3 

7SQ  1%  METAL  HLM  RESISTOR 

DALE  CMF 

Z1 

ADJUSTABLE  REGULATOR 

LM317LZ 

"set 

1%  METAL  HLM  RESISTOR 

Figure  9.  Typical  Connection  Diagram 
(External  Current  Reference) 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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ADV478/ADV471 


FEATURES 

Personal  System/2*  Compatible 
80MHz  Pipelined  Operation 
Triple  8-Bit  (6-Bit)  D/A  Converters 
256  x  24(18)  Color  Palette  RAIVI 
15x24(18)  Overlay  Registers 
RS-343A/RS-170  Compatible  Outputs 
Sync  on  All  Three  Channels 
Programmable  Pedestal  (0  or  7.5  IRE) 
External  Voltage  or  Current  Befereiice 
Standard  MPU  Interface 
+  5V  CIVIOS  Monolithic  Construction 
44-Pin  PLCC  Package 
Vmm  Diisl^iii^n::  BOOmW 

APPLICATIONS 

High  Resolution  Color  GrftpMes 
CAE/CAD/CAM  Application^ 
Image  Processing 
Instrumentation 
Desktop  Publishing 

AVAILABLE  CLOCK  RATES 

80MHz 

66MHz 

50MHz 

35MHz 


njNCTIONAL  BLOCK  DIAGRAM 


Vm      Vaa      Vm  Vm 


GND  GND 


RD  WR  RSO  RSI  RSZ 


NOTES 

1.  NUMBERS  IN  PARENTHESIS  INDICATE  PIN  NAMES  FOR  THE  ADV471. 

2.  NC= NO  CONNECT 


GENEKAI^  DESCRIPnON 

The  ADV478  (ADV®)  and  ADV471  are  pin  cinnpatible  and 
software  compatible  RAM-DACs  designed  specil^cally  for  Personal 
Systeni/2  compatible  color  graphics.  ' 

The  ADV478  has  a  256  x  24  color  lookup  table  With  triple  8-bit 
^eo  I3/A  conveners.  It  may  be  craiSginxd  fori^dira'  6  Hts  or 
S  bits  p&  color  operation.  ThW  i^Wsif  litt^liSe  X 18  color 
lookup  table  m^s^^'K^^^^ASft'Mws^lm. 

i 

ADV  is  a  r^sta<ed  aadenacltjaif  AoftPg^'ei^cies,  ' 
'Personal  Sjpstem/2  is  a  trad|;naik  ^  |^t^^ti<»iall|u^^  Madiines 
Corp.  -  . .       "  ■■ ' 


Options  on  both  parts  include  a  programmable  pedesml  (0  or 
7.5  IRE)  and  use  of  an  external  voltage  or  current  reference. 
Fifteen  overlay  registers  provide  for  overlaying  cursors,  grids, 
menus,  EGA  emulation,  etc.  Also  supported  is  a  pixel  read 
mask  register  and'sync  generation  on  all  three  ciumnds. 

The  ADV478  and  ADV471  generate  RS-34aA  ,con>patible,yideo 
signals  into  a  doulily  terminated  7Sn  load,  and  RS-170  compatible 
video  signals  into  a  singly  terminated  75D  load,  without  requiring 
external  buffering:  iSffermfial  and  integral  linearity  errors  are  , 
guaranteed  to  be  a  maximum  of  ±  ILSB  for  the  ADV478  and 
±  1/4LSB  for  the  ADV471  over  the  full  temperature  range. 


'  -I-  t 


-:.>         if.  «,f'r'-<'bi.'     -■■  Hi'-  ,i!-ff)-.")b-j-.>  i  »['   •••       1         '-■i:  i'^,'   .ji*-.' 3hv    ,/  .; 
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A0V478/ADV471  -SPECIFICATIONS  All  specifications  T„|„  to  T„„^  unless  otheiwise  noted.) 


Parameter 


All  Versions 


Units 


Test  Conditions/Comments 


STATIC  PERFORMANCE 
Resolution  (EacBDAC)^ 

I  Ac<ii:i^,#|ipm©rKilflA 

Mtegj-al  ltdiiia><Miiif     ■  V  W 
Differential  Nonlinearity 
Gray  Scale  Error 
Coding 


8(6) 

±1(1/4) 
±1(1/4) 
±5 


Bits     "      -  ~ 

LSBmax 
LSBiflag  ~~ 
%  Gray  Scale  mffil 


DIGITAL  INPUTS 
Input  JUgh  Voltl^^V^- 
InpatX,ow  VolB^, 
Input  Current,  Ind  ' 
Input  Capacitance,  Cin 


2. 
0.8 
±1 
7 


Vmin 
Vmax 
^.Amax 
pFmax 


ViN=0.4Vor2,4¥- 


DIGITAL  OUTPUTS 
Output  High  Voltage,  Vqh 
Output  Low  Voltage,  Vol 
Floating-State  Leakage  Current 
Floating-State  Output  Capacitance 


2.4 
0.4 
50 
7 


Vmin 
Vmax 
M^A  max 
pFmax 


IsotmcE=400(i,A 
IsiNK=3.2lnA 


ANALOG  OUTPUTS 
Gray  Scale  Current  Range 
Output  Current 

White  Level  Relative  to  Blank 

White  Level  Relative  to  Black 

Black  Level  Relative  to  Blank 

(SETUP=Vaa)  iy- 
Black  Level  RelatiTe  to  Blank  "  • 

BlankLear"*^^""-"'""^ 


Sync  Level 

LSBSize' 
DAC  to  DAC  Matchini 
Outguf 


Output  Impedance,  Rout 
Output  Capacitance,  Cour 


20 

17.69 

20.40 

16.74 

18.50 

0.95 

1499. 

Oi-     '  •- 

SO 

^.29 

8.96 

0 

50 

69.1(279.68) 
5 

-1 
-1-1.5 
10 
30 


mA  max 

mAmin 

mAmax 

mAmin 

mA  max 

mAmin 

mAmax 

(lAmin 

fiAmax 

mAmin 

mAmax 

p.Amin 

p.Amax 

(lAtyp 

%  max 

Vmin 

Vmax 

kntyp  . 

pFmax 


Typically  19.05mA 
Typically  17.62mA 
Typically  1 .44mA 
Typically  5|iA 
Typically  7.62mA 
Typically  5(iA 


8/6  =  Logical  1  for  ADV478 
Typically  2% 


=  OniA 


>3  ROttWic. 

laiA  MAO' ' 


VOLTAGE  REFERENCE 
Voltage  Reference  Range,  Vref 
Input  Current,  IvREP 


1.14/1.26 
10 


V  min/V  max 
(lAtyp 


Tested  in  Voltage  Reference 
Configuration  with  Vref=  1.235V 


POWER  SUPPLY  ; 

Supply  Voltage,  Vaa 

Supply  Current,  Iaa 

Power  Supply  Rejection  Ratio 
Power  Dissipation 


4.75/5.25 

4;5O/5.50 

220 

0.5 

1100 


V  min/V  max 

V  min/V  max 
mAmax 
%/%max 
mWmax 


SOJVlHz  and  66MHz  Pans 

50MHzand35MazParts 

Typically  ISOmA 

f=  lkHz,COMP=0.1(i,F 

Typically  900mW,  Vaa = 5V 


DYNAMIC  PERFORAiANCB 
Clock  and  Data  Feedtfarough^'' 
Glitch  Impulse*'' 
DAC  to  DAC  Crosstalk' 


-30 

75 


-23 


dB  typ 

pV  sees  typ 
dB  typ 


NOTES 

'  ±  5%  for  80MHz  and  66MHz  parts;  ±  10%  for  50MHz  and  35MHz  parts. 
^Temperature  Range  (T„j„  to  T„„);  0  to  +  70°C. 
^Numbers  in  parentheses  indicate  ADV471  parameter  value. 

'^Clock  and  data  feedthrQUgh  is  a  function  of  the  amount  of  overshoot  and  undershoot  on  the  digital  inputs.  For  this  test,  the  digital  inputs  have  a 
IMt  ie^tor  to  ground  and  an  driven  by  74HC  logic.  Glitch  impulse  includes  clock  and  daa  ftedtbioi%h,  -  3dS  test  bandwidth  =  2  x  closk  ^te. 

'ITTX.  ittpur  values  Are  0  to  3  voll«,  wtrh  inpuT  rise/ftU  times  «3m,  measured  between  the  10%  snd'90%  joints.  Tbning  reference  points  at  -^^^ 
for  inputs  and  outputs.  Analog  output  load    lOpF,  DO  -  D7  output  load  ^SOpF.  See  timing  notes  in  Figure  2. 
^DAC  to  DAC  crosstalk  is  measured  by  holding  one  DAC  high  v^ile  the  other  two  are  twaVing  low  to  high  and  1^^  to  low  t 
Specifications  subject  to  change  without  notice. 


ADV478/ADV471 


Faiametei 

KP80  Version 

KP66  Version 

KPSOy^on 

KP35Versibn 

Units 

Conditions/Gomments  " 

80 

66         ,  : 

SO 

,"'35' 

MHz 

Clock  Rate 

ti 

10 

10 

10  , 

Id 

RSO  -  RS2  Setup  Time 

t2 

10 

10 

10 

10! 

nsmin 

RS0-RS2  Hold  Time  , 

t3 

5 

5 

5  ' 

5 

nsmin 

RD  Asserted  to  Data  Bus  Driv^Q- 

40 

40 

40'   .     ,  (  y; 

nsmax 

RD  Asserted  to  Data  Vali4 . 

ts 

20 

20 

20 

20' 

nsmax 

RD  Negated  to  Data  Bus  3^Stated 

tg 

10 

10 

10 

10 

nsmin 

Write  Data  Setup  Time 

t? 

10 

10 

10 

10 

nsmin 

Write  Data  Hold  Time 

tg 

SO 

SO 

SO 

SO 

nsmin 

RD,  WR  Pulse  Width  Low 

t9 

6Xti2 

6Xti2 

6Xti2 

6Xti2 

nsmin 

RD,  WR  Pulse  Width  High 

tio 

3 

3 

3 

3 

nsmin 

Pixel  and  Control  Setup  Time  ' 

til 

3 

3 

3 

3 

nsmin 

Pixel  and  Control  Hold  TkoB  1 

tl2 

12.5 

15.3 

20 

28 

nsmin 

Qoclc  Cycle  Time 

tl3 

4 

5         -   r  ■■ 

6,  ■■ 

nsmin 

Clock  Pulse  Width  High  Time 

4  - 

^5 

6 

9 

nsmin 

Clock  Pulse  Width  Low  Time 

tl5 

^30 

30 

30 

ns  max 

Analog  Output  Delay 

tie 

3 

3 

3 

3 

nstyp 

Analog  Output  Rise/Fall  Time 

tl7* 

13 

>m    ■  V-... 

20. 

28 

nstyp 

Analog  Output  Settling  Time 

tl8 

2 

2 

'  2 

2 

nsmax 

Analog  Output  Skew 

tpD 

4xtl2 

tXti2 

•4-Xtu 

nsmin 

Pipeline  Delay 

NOTES  -^  i-  i,:   '         -i  f^^ 

'TTL  input  valued  Wft  idmiSlisi  with'  ^qnit'^ndAUlldraea  s3m,  measured  between  the  10%  and  90%  points.  Timing  reference 
points  at  50%  for  inputs  and  outputs.  Analog  output.joad-£^F,  37.Sn.  DO  -  W^Olktpat  load  sSOpF.  See  ciming  notes  in  Figure  2. 
'  ±  5%  for  80MHz  and  66MHz  parts;  ±  5%  for  50MHz  and  lAxgt  fms.  .  > 


Temperature  Range  (Tn, 


)  T™J;  0  to  +  70°C. 


^SettUng^^t^^does  not  include  clock  and  data  feedtbiough.  For-^^  t^t,  the  d%itai  ii^asA  have  a  IkO  resistor  to  ground  and  are 
driven  %miC  logic.  '^j  '  . 

Specifications  subject  to  change  without  notice  !  31*  ' 


TIMIMiqyDIAGRAlVlS 

c^'     ;  RS0.RS1.  RS2 


WR 


READ  (DO -07) 


3^ 


WRITE  (bo  V  D7)  xV\\\\N^\V\\\\\\\\Y 


Figure  1.  MPU  Read/Write  Timing 


IOil,  M.  lOB 


/ — V 


NOTES 

1.  OUTPUT  liHiftV'iltL)  MEASURED  FROM  THE  50%  POINT  OF  THE  RISING  EDGE  OF  CLOCK  TO 
THE  50%  POiNT.  AF  FULL  SCALE  TRANSITION. 

2.  SETTLING  TIME  («,)  MEASURED  FROM  THE  50%  POINT  OF  FULL  SCALE  TRANSITION  TO  THE 
OUTPUT  REMAINING  WITHIN  a:1L5B  (ADV47S)  OR  ±1/#SB  (ADV471)s 

3.  OUTPUT  RISE/FALL  TIME  M  MEASURED  BEIWEeNTHE  10%  ANIX50%  POINTS  OF  FULL  SCALE 
TRANSITION. 

Figure  2.  Video  IrypuffOutput  Tlmmff 
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Parameter 

Power  Supply 
-80MHz,66MHz  Parts 

50,35MHzPans 
Ambient  Operating  Temperature 
Output  Load 

Voltage  Reference  Configuration 

Reference  Voltage 
Current  Reference  Configuration 

Reference  Current 


Symbol 

Vaa 

Ta 
Rl 

Vref 

Iref 


Min 

4.75 

4.5 

0 


1.14 
-3 


Typ 

5.00 
5.00 

37.5 

1.235 


Max 

5.25 
5.5 
+  70 

1.26 
-10 


Units 

Volts 
Volts 

°C 

n 

Volts 
mA 


CAUTION  

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  bi{^  Energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  platective  foam 
shouldiheidisdinged  to  the  destination  socket  brfote  devices  arc  teanamd.        ■■■  ' 


ABSOLUTE  MAXIMUM  RATINGS* 

Vaa  to  GND   +  7V 

Voltage  on  Any  Digital  Pin  .  .  .  GND  -0.5V  to  Vaa  +  0.5V 
Ambient  Operating  Temperature  (Ta)    .  .  .  -55°Cto  +125°C 

Storage  Temperature  (Ts)  ,,  -       to  +  1S0°C, 

Lead  Temperature  (Soldering,  10  sees)  +  300''C 

Junction  Temperature  (Tj)  +  175°C 

Vapor  Phase  Soldering  (1  miante) .  .  :  .  ^'J  v'.  'r"''.  .  fm^"'- 
lOR,  lOB,  lOG  to  Giro'  .   «V  te 


NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may 
cause  pmnuumt  damage  to  tbt-iake^/fim  it-a  sfOSsytAis  onlyind 
fimctiona]  operation  of  the  device  i^  tiKStf  or^an^-bt^  eon^tioos  above 
those  listed  in  the  operational  wcfiwi*  flf  this  spedficatiSil'  ft  'tiOt 
implied.  Exposure  to  absolute  maami&a  nting  conditions  for  euended. 
periods  may  aifect  device  reliability.  i 

'^lalag  output  AasE  cinnit  to  any  poner  supply  or  eiinmion  can  be  of  an 


PLCC  PIN  CONFIGURATION 


§eanr[7 

DO  ^ 
D1  [T 
02^ 
D3[l1 
D4  [l2 

Dsfll 
07  [w 
WR  (w 

Rso  [n 


:  'ii'.';'  •.„;i1u  »1™ 
:'fl:.^ aj^aibal  uavifi'-  ^ 


AOV478/AOV471  ,„,„-,,. 
TOP  VIEW  r,HxAni>f.' 


ci\  MM 


^  PO 

^OPA 
^COMP 


TiJMHEIEIlilHliHM^ 

53     «     ^"  ^*     3     Z     rt     rt      n  S 


■A'T.r.,',  J" 


NOTES 

1  NUMBERS  IN  PAnENTHESB  MHCATC  PM  NAMES  HM  THE  ilDV<T1. 

2.  NC=NO  CONNECT 


ORDERING  GUIDE 


Temperature 

Color  Palette 
RAM 

Speed 

ADV471KP80 

0°Cto 

+  70«C- 

2S6. 

Y- 

18 

80MHz 

P-44A 

ADV471KP66 

0°Cto 

+  70% 

2S6 

X 

18 

66MHz 

P-44A 

ADV471KP50 

O^to 

+  70°C 

256 

X 

18 

SOAiHz 

P-44A 

ADV471KP35 

0°Cto 

+70°C 

256 

X 

18 

35MHz 

P-44A 

ADV478KP80 

0°Cto 

+  70°C 

256 

X 

24 

80MHz 

P-44A 

ADV478KP66 

O^to 

+70°C 

256 

X 

24 

66MHz 

P-44A 

ADV478KPS0 

+  70°C 

256 

X 

24 

SOMHz 

P-44A 

ADV478KP35 

0°Cto 

+  70''C 

256 

X 

24 

35MHz 

P-44A 

*F  =  Plastic  Leaded  Chip  Carrier  (PLCC).  For  outline  information  see  Pkclo^ 

Information  section. 
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ADV478/ADV471 


PIN  FUNCTION  DESCRIPTION 


Pin 

Mnemonic 


Function 


BLANK 


SETOF  ' 


SYNC 


CLOCK 


P0-P7 


OLO  -  OL3 


IOR,IOG.IOB 


Iref 


COMP 


Vref 


CPA 

Vaa 

GND 

WR 


Composite  blank  control  input  (TTL  compatible).  A  logic  zero  drives  the  analog  outputs  to  die  blanking  level 
as  illustrated  in  Tables  IV  and  V.  It  is  latched  on  the  rising  edge  of  CLOC^.  When  BLANK  is  a  logical  zero, 
the  pixel  and  overlay  inputs  are  ignored 

''Se&p"cbiiti^'mi>ut.'tjsed  Vsp^  either  a  0  ERE  (SETUP=GND)  or  7.5  IRE  (SETUP=Vaa) 
blanking  pedestal. 

Composite  sync  control  input  (TTL  compatible).  A  logical  zero  on  this  input  switches  off  a  40  IRE  current 
source  on  the  analog  ou^ts  (see  F^wes  3  and  4).  SYNC  does  not  override  any  other  control  or  data  input, 
ira^owo'  m  'nM^  IV&d  V;  tl&refote,  it  should  be  asserted  only  during  the  blanking  interval.  It  is  latched 
on  the  rising  edge  of  CLOCK. 

Clock  input  (TTL  compatible).  The  rising  edge  of  CLOCK  latches  the  PO  -  P7,  OLO  -  OL3,  SYNC,  and 
BLANK  inputs.  It  is  typically  the  pixel  clock  rate  of  the  video  system.  It  is  .^eoaaiiiieiided  that  CLOCK  be 

driven  by  a  dedicated  TTL  buffer. 

Pixel  select  inputs  (TTL  compatible).  These  inputs  specify,  on  a  pixel  basis,  which  one  of  the  256  entries  in 
the  color  palette  RAM  is  to  be  used  to  provide  color  information.  They  are  latched  on  the  rising  edge  of  CLOCK. 
PO  is  the  LSB.  Unused  inputs  should  be  connected  to  GND. 

Overlay  select  inputs  (TTL  compis^l;),  ^uae  inputs  specify  wfaicfa  palettt  is  to  be  used  to  provide  color 
information,  as  illustrated  in  Table  ip.  .Wlien  accessiig  the  overlay. palette,.die.JPO  -  F7  ii^B.aie  ^ncned^ 
They  are  latched  on  the  r^nog  ^dge  of  CLOCK.  OLO  is  the  LSB.  Unused  inputs  should  be  connected  ip  - 
GND. 

Red,  green,  and  blue  current  outputs.  These  high  impedance  current  sources  are  capable  of  directly  driving  a 
doubly  terminated  7Sn  coaxial  cable  (Figures  5  and  6). 

Full-scale  adjust  control.  Note  that  the  IRE  relationships  in  Figures  3  and  4  are  maintained,  r^grdless  of  the 

full-scale  output  current. 

When  using  an  external  voltage  reference  (Figure  5),  a  resistor  (Rset)  coimected  between  this  pin  and.GKRD 
controls  the  magnitude  of  the  full-scale  video  signal.  The  relationship  between  Rset  >ud  the  full-scale  datpm. 
cuitcot  aneacb-ouONil  is: 

Rset  («)=  K  *  1,000  *  Vref  (VVIout  (mA) 

K  is  defmed  in  the  table  below,  along  with  corresponding  Rset  values  for  doubly  terminated  7SO  loads. 

When  using  an  external  current  reference  figure  6),  die  relationship  between  Iref  and  the  fiiU-scaie  ou^t 
current  on  each  output  is: 

Iref  (mA)  =  lotrr  (mA)/K 


Mode 

Pedestal 

K 

RsErr(^l) 

6-Bit 

7.SIRE 

3.170 

147 

8-Bit 

I  s  IRE 

3.195 

147 

6-ffit 

OIRE 

3.000 

147 

8-Bit 

OOtE 

3.025 

147 

Coaipaisaticm  pin.  If  an  estecnal  voltage  tefoence  k  used  (F^iue  5),  this  pin  should  be  cramected  to  OPA.  If 
an  external  currrait  reference  is  used,  this  pin  ^ould  be  connected  to  Iref-  A  0.  IfiF  ceramic  capacitor  must 
always  be  used  to  bypass  this  pin  to  Vaa- 

Voltlge  reference  input.  Mm  eOemal  voitige  rtitoenee  is  used  (Figtire  S),  it  must  suf^y  this  input  with  a 
I.2V  (tj^ncal)  referenee,        eaEteinal  ennent  lefoence  is  used  (Figure  6),  this  pin  should  be  left  floating, 
escqpt  fer  die  bipaw  enfu^m.  A  0.1|iF  ceramic  capacitor  must  always  be  used  to  decouple  this  input  to 
Vaa  as  shcMni  in  Flgmes  S  and  6. 

Reference  amplifier  output.  If  an  external  voltage  refooice  is  used  (Figure  5),  this  pin  must  be  conneOed  to 
COMP.  When  using  an  external  current  reference  (Flgtoe  6),  this  pin  should  be  left  floating. 

«M^I><iM^-  MJ  M  lita  must  be  mmmtl^  'm  ^  Anat«)g  Pemc  Plane. 
Analog  pound.  All  OND  pins  must  be  connected  to  the  Ground  Plane. 

Write  control  input  (TTL  compatible).  DO  -  D7  dau  is  latched  on  the  rising  edge  of  WR,  and  RSO  -  RS2  are 
latched  on  the  fidling  edge  of  WR  during  JMPU  write  operatioiis.  See  Figure  1. 
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PIN  FUNQXION  DESCKIPTION  (Qmtinued) 

Pin  ' 
Mnemonic  Function 

RD    '    ^'  ' '  Kead  amtrol  in^         comtatiUe).  To  read  dni^m  the  device,  RD  must  be  a  logical  zero.  RSO  -  RS2 
s--"      are'^ti^c^  «ni  the  falling  edge  df^^Aiiiii^'Ml'Cr&d  operations. 

RSO,R$|,R^     Register  select  inputs  (TTL  compatible^.  ^SO-^Zsp^^t^^^peoftepdwimtt  . 
as  illustrated  in  Tables  I  and  II.  ■■     >        ...         ■         ^  j  ,'  "  . 

1,...  icw) 

DO  -  D7  Data  bus  (TTL  compatible).  Data  is  transferred  into  and  out  of  the  device  ova  this  8-bit  bidigyrtlillM  <MMI  ^jgy^ 

bus.  DO  is  the  least  significant  bit.  .  ,  . 

8/6  8-bit/6-bit  sdect.input  (TTL  compatible).  This  ccmitrol  input  spiecifies  whether      MPU  is  reading  and  writing 

8-bits  (logical  one)  or  6-bits  (logical  zero)  of  color  information  each  cycle.  For  8-bit  operation,  D7  is  the  most 
significant  data  bit  during  color  read/write  cycles.  For  6-bit  operation,  DS  is  the  most  significant  data  bit 

during  color  read/write  cycles  (D6  and  D7  are  ignored  during  color  write  cycles  and  are  logical  zero  during 
color  read  cycles).  This  control  input  is  implemented  only  on  the  ADV478. 


.•!,J  n 


a  (« 


Blanking  Level 

The  level  seperating  the  SYNC  portion  from  the  video  portion 
of  the  waveform.'UuuUy  refMied  to  a¥te  Snuit-^ei^'or  Kaek' ' 
porch.  At  0  IRE  units,  it  is  the  level  which  will  Aut  offihe 
picture  tube,  r^i|;ijpg^  ^lfe^b;d^;ygigiy^^ 

Color  >^eo  (RGB) 

This  usually  refet^tb  the  n^Aldictiie  itf 'daiihififi^lte^ 
primary  colors  of  red,  green  and  bine  to  produce  color  pictures 
within  the  usual  spectrum.  In  RSB^moidlots,  three  DACs  would 
be  required,  one  for  each  color.  -  ?n  ■•  . 

Composite  SYNC  Signal  (SYNC) 

The  position  of  the  composite  video  signal  which  synchronizes 

the  scanning  process. 

Composite  Video  Signal 

The  video  signal  with  or  wilhout  aetiqi,  plus  the  composite 

SYNC  signal. 

Gray  Scale 

The  discrete  levels  of  video  signal  between  reference  black  and 
reference  white  levels.  An  8-bit  DAC  contains  256  different 
levels  while  a  6-bit  DAC  prmtiiinK  64. 


'"  'Saster'Scan 

'The  most  bisic  niediod  of  sweeping  a  CRT  one  line  at  a  time  to 

: :  »rf«wee»K!k-L«ielL-:'d  '  so'  " 

/The  .iBiaj^imn  .negative  polarity  .aafliMI^»<«f  #fe  video  signal. 


'  R^enhce  iHute  Level 

The  maximum  positive  polarity  amplitude  of  the  video  si| 


Setup 

The  difference  betw«ttf4IMIe&(dh«6'IIItiidr{e«d  and  the  blanking 

level.  : , 

SYNC  Level 
^^She-ptdclefci'Of  the  composite  SYNC  signal. 

Video  Signal 

That  portion  of  the  composite  video  signal  which  varies  in  gray 
scale  levels  between  reference  white  and  reference  black.  Also 
referred  to  as  the  picture  signal,  this  is  the  portion  which  may 
be  visually  dbi^frpi. 


ft,  V        :t^i  H      i^ii-^  M 
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CIRCUIT  DESCRIPTION 
MPU  Interface 

As  illustrated  in  the  functional  block  diagram,  the  ADV478  and 
ADV471  support  a  standard  MPU  bus  interface,  allowing  the 
MPU  direct  access  to  the  color  palette  RAM  and  overlay  color 
registers. 

The  RSO  -  RS2  select  inputs  specify  whether  the  MPU  is  accessing 
the  address  register,  color  palette  RAM,  overlay  registers  or 
read  mask  register,  as  shown  in  Table  I.  The  8-bit  address 
register  is  used  to  address  the  color  palette  RAM  and  overlay 
registers,  eliminating  the  requirement  for  external  address 
multiplexers. 

To  write  color  data,  ^  MPU  writes  |to  tbe  addiefs  teginer 
(adecting  RAM  or  iri«di^iwrife  iiKic(e)  watiflili^Micgs  of  die  ' 
~SSbif  ]^iaie1(Xirio§£Ko7» 

Tile  A^0^|mftftd&'AfB£  ancocssivte  write  <^^cleAi(8  or  6^feits* 
each  of  red,  green  and  blue),  using  RSO  -  RS2  toielect  ddier 
the  color  palette  RAM  or  overlay  registers.  During  the  blue 
write  cycle,  the  three  bytes  of  color  information  are  concatenated 
into  a  24-bit  word  (18-bit  word  for  the  ADV47I)  and  written  to 
the  location  specified  by  the  address  register.  The  address  register 
then  increments  to  the  next  location  which  the  MPU  may  modify 
by  simidy  writing  another,  sequence  of  red,  green  and  blue  data. 


BS2 

KSl 

KSO 

AddnHcdbyMFU 

0 

0 

0 

Address  Register  (RAM  Write  M«le) 

0 

1 

1 

Address  Register  (RAM  Read  Mode) 

0 

0 

1 

Color  P#letteRAM  ! 

0 

1 

0 

Kzel  Read  Mask  Register 

1 

0 

0 

Address  Register  (Overlay  Write  Mode) 

1 

1 

1 

Address  Regista  (Overlay  Read  Mode) 

1 

0 

1 

Overlay  Reguters                       '  • 

1 

1 

0 

Reserved 

Table  I.  Control  Input  Truth  Table 


To  read  color  data,  the  MPU  loads  the  address  register  (selecting 
RAM  or  overlay  read  mode)  with  the  address  of  the  color  palette 
RAM  location  or  overlay  register  to  be  read.  The  MPU  performs 
three  successive  read  cycles  (8  or  6  bits  each  of  red,  green  and 
blue),  using  RSO  -  RS2  to  select  either  the  color  palette  RAM 
or  overlay  registers.  Following  the  blue  read  cycle,  the  address 
register  increments  to  the  next  location  which  the  MPU  may 
read  by  simply  reading  anodiCT  sequence  of  red,  gieoi  and  blai: 
data. 

When  accessing  the  color  palette  RAM,  the  address  register 
resets  to  OOH  following  a  blue  read  or  write  cycle  to  RAM  location 
FFH.  When  accessing  the  overlay  color  registers,  the  address 
register  increments  following  a  blue  read  or  write  cycle.  However, 
while  accessing  the  overlay  color  registers,  the  four  most  significant 
bits  of  the  addiess  register  (ADDR4  -  7)  are  ignored. 

The  MPU  interface  opeinnes  asyiichronomly  to  tlie  piiiel  dock. 
Data  transfers  between  the  color  palette  RAM/overlay  registers 
and  the  color  registers  (R,  G  and  B  in  the  block  diagram)  are 
synchronized  by  internal  logic  and  occur  in  the  period  between 
MPU  accesses.  As  only  one  pixel  clock  cycle  is  required  to 
complete  the  transfer,  the  color  palette  RAM  and  overlay  registers 
may  be  accessed  at  any  time  with  no  noticeable  disturbance  on 
the  disiday  scn;^. 

To  keep  trade  of  flu  red,;  gieen  and  Uoe  lead/write  cydes,  die 
address  ccgjster  lu|  tm^  lidditional  Iritx  (ADDRa,  ADDRb)  that 
count  modulo  dnee,  as  Aown  in  Table  II.  They  are  reset  to 

zero  when  the  MPU  writes  to  the  address  register  and  are  not 
reset  to  zero  when  the  MPU  reads  the  address  register.  The 
MPU  does  not  have  access  to  these  bits.  The  other  eight  bits  of 
the  address  register,  incremented  following  a  blue  read  or  write 
cycle  (ADDRO  -  7),  are  accessible  to  the  MPU  and  are  used  to 
address  color  palette  RAM  locations  and  overlay  registers,  as 
shown  in  Table  II.  ADDRO  is  the  LSB  when  the  MPU  is  accessing 
the  RAM  or  overlay  registers.  The  MPU  may  read  the  address 
roister  n  any  time  without  modifying  its  contents  or  the  existing 
read/write  mode. 

Figuie  1  illustrates  the  MFU  read/write  timing. 


Vahw 

RS2      RSI  RSO 

Addre«wdByMFU 

ADDRO  -  7  (Counts  Binary) 

01 

10 

OOH  -  FFH 
XXXXOOOO 
XXXXOOOl 

XXXXllU 

0  0  1 

1  0  1 
1          0  1 

•                       •  •' 

1            0  1 

Red  Value 
Green  Value 
Blue  Value 

Color  Palette  RAM 
Reserved 
Overlay  Color  1 
Overlay  Color  2 

Overlay  Color  15 

TlM&     AHllress  Register  (ADDR)  Opemffm^'"" 
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ADV478  Data  Bus  Interface 

On  the  ADV478,  the  8/6  control  input  is  used  to  specify  whether 
the  MPU  is  reading  and  writing  8  bits  (8/6  =  logical  one)  or  6 
bits  (8/6  =  logical  zero)  of  color  information  each  cycle. 

For  8-bit  operation,  DO  is  the  LSB  and  D7  is  the  MSB  of  color 
data. 

For  6-bit  operation  (and  also  when  using  the  ADV471),  color 
data  is  contained  on  the  lower  six  bits  of  the  data  bus,  with  DO 
being  the  LSB  and  D5  the  MSB  of  color  data.  When  writing 
color  data,  D6  and  D7  are  ignored.  During  color  read  cycles, 
D6  and  D7  will  be  a  logical  zero. 

ADV471  Data  Bus  Interface 

Color  data  is  contained  on  the  lower  six  bits  of  the  data  bus, 
with  DO  being  the  LSB  and  D5  the  MSB  of  color  data.  When 
writing  color  data,  D6  and  D7  are  ignored.  During  color  read 
cydes,  D6  and  D7  will  be  a  logical  zero.  y^jj^t 


Frame  Buffer  Interface 

The  PO  -  P7  and  OLO  -  OL3  inputs  are  used  to  address  the 
color  palette  RAM  and  overlay  registers,  as  shown  in  Table  III. 


OLO  -  OL3 

P0-P7 

Addressed  by  Frame  Buffer 

OH 

OOH 

Color  Palette  RAM  Location  OOH 

OH 

OIH 

Color  Palette  RAM  Location  OIH 

OH 

FFH 

Color  Palette  RAM  Location  FFH 

IH 

XXH 

Overlay  Color! 

2H 

XXH 

OverlayGolmrl'  = 

FH 

XXH 

Overlay  Color  15 

Table  III.  Pixel  and  Overlay  Control  Tnith  Table  (Pixel  Read 
Ma8kBegister.=  FFH)     ■       .  .m...  ;i.  • 


mA 

V 

26.67 

1.000 

9.05 

0.340 

7.62 

0.286 

0.00 

0.000 

WHITE  CEVH.' 


BLACK  LEVEL|  1 


NOTES 

1.  CONNECTED  WITH  A  75n  DOUBLY  TERMINATED  LOAD,  SETUP  =  Vm.  „  I 

2.  EXTERNAL  VOLTAGE  OR  CURRENT  REFERENCE  ADJUSTED  FOR  26.67mA  fUCL-SCALE  OUTPUT. 

3.  RS-343A  LEVELS  AND  TOLERANCES  ASSUMED  ON  ALL  LEVELS. 


Figure  3.  Composite  Video  Output  Waveform  (SETUP =Vaa) 
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DAC 

Description 

louT(niA)* 

stNc 

BLANK 

Input  DAi 

WHITE  LEVEL 

26.67 

1 

1 

FFH 

DATA 

data +  9.05 

1 

1 

data 

DATA-SYNC 

data  + 1 .44 

0 

1 

data 

BLACK  LEVEL 

9.05 

1 

1 

OOH 

BLACK-SYNC 

1.44 

0 

1 

OOH 

BLANK  LEVEL 

7.62 

1 

0 

xxH 

SYNC LEVEL 

0 

0 

0 

xxH 

NOTES  _      _  '   ;       ■  - 

External  y6btgfo^f^ntg^t0at)le^!t^aaiiot^A1v^^^ 


TablelV.  Wdeo  Output  Truth  Table  (SETUP 
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The  contents  of  the  pixel  read  mask  register,  which  may  be 
accessed  by  the  MPU  at  any  time,  are  bit-wise  logically  ANDed 
with  the  PO  -  P7  inputs.  Bit  DO  of  the  pixel  read  mask  register 
corresponds  to  pixel  input  PO.  The  addressed  location  provides 
24  bits  (18  bits  for  the  ADV471)  of  color  information  to  the 
three  D/A  converters. 

For  additional  information  on  Pixel  Mask  Register,  see  application 
note  "Animation  Using  the  Pixel  Read  Mask  Register  of  the 
ADV47X  Series  of  Video  RAM-DACs"(Publication  Number 
ei316-I5-10ffl9). 


The  SYNC  and  BLANK  inputs,  also  latched  on  the  rising  edge 

■••ibi- 


of  CLOCK  to  maintain  synchronization  with  the  color  data',  add 
appropriately  weighted  currents  to  the  analog  outputs,  producing 
the  specific  output  levels  required  for  video  applications,  as 
illustrated  in  Figures  i  and  4.  Tables  IV  and  V  detail  how  the 
SYNC  and  BLANK  inputs  modify  the  output  levels. 

The  SETUP  input  is  used  to  specify  whether  a  0  IRE  (SETUP 
=  GND)  or  7.5  IRE  (SETUP  =  Vaa)  blanking  pedestal  is  to 
beuse4- 

The  amiegoiilimts  of  the  ADV478  and  ADV471  are  capable  of 
direct^  driviq^  a  37.Sn  load,  such  as  a  doubly  termiiiated  75(1 
coaxial  cable.  ^ 


V, 

.a«.s7 

1.000 

8.05 

0.302 

0.00 

0.000 

vmiTE  LEVEL 


BLACIOBLANK 
LEVEL 


SVNC  LEVEL 


NOTES 

1.  CONNECTED  WITH  A  7Sn  DOUBLY  TERMINATED  LOAD,  SETUP=GND. 

2.  EXTERNAL  VOLTAGE  OR  CURREITT  RKHEIHENiX  MUOsnd)  FOR  2S«miA  FULL-SCALE  OUTPUT. 

3.  RS-343A  LEVELS  AND  TOLERANCES  ASSUMED  ON  ALL  LEV^  '' 

■Figiim^.  &mp08iteVideadu^utWaveilbrm'f^J^=GND) 


Desciiptkai 

Iour(n»A)' 

DAC 

Input  Data 

SYNC 

BLANK 

WHITE  LEVEL 

26.67 

1 

FFH 

DATA 

data -1-8.05 

1 

data 

DATA-SYNC 

data 

0 

data 

BLACK  LEVEL 

8.05 

1 

OOH 

BLACK-SYNC 

0 

0 

OOH 

BLANK  LEVEL 

8.05 

1 

0 

xxH 

SYNCjaVEt 

0 

0 

0 

zzH 

NOTES 

'Typical  Willi  fuU-scale  lOG  -  26.67mA,  SETUP = GND 
Extmt^yoltageorcuiientrefereiuxadjustedfor26.67mAfull-KaleoiJtpBt.v, 

jme  V.  Video  Output  Truth  Table  tSETUP=  GN& 
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Digital  Signal  Interconnect 

The  digital  inputs  to  the  ADV478/ADV471  should  be  isolated 
as  much  as  possible  from  the  analog  outputs  and  other  analog 
circuitry.  Also,  these  input  signals  should  not  overlay  the  antilog 
power  plane. 

Due  to  the  high  clock  rates  involved,  long  clock  lines  to  the 
ADV478/ADV471  should  be  avoided  to  reduce  noise  pickup. 

Any  active  termination  re^stois  fsr  the  digjtal  iuinits  should  be 
connected  to  tiie  tegalai  PCB  power  plane  (Vcc))  and  not  tlie 
analog  pcma  plane. 
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Analog  Signal  Interconnect 

The  ADV478/ADV471  should  be  located  as  close  as  possible  to 
the  output  connectors  to  minimize  noise  pickup  and  reflections 
due  to  impedance  mismatch. 

The  video  output  signals  should  overlay  the  groimd  plane,  and 
not  the  analog  power  plane,  to  maxiini2e  the  hi^  firequency 
power  supply  rejection. 

For  nuudraum  performance,  the  analog  outputs  should  each 
have  a  75(1  load  resistor  connected  to  GND.  The  connection 
between  the  current  output  and  GND  should  be  as  close  as 
possible  to  the  ADV478/ADV471  to  minimize  reflections. 

NOTE:  Additional  information  on  PC  Board  layout  can  be 
obtained  in  an  application  note  entitled  "Design  and  Layout  of 
a  Video  Graphics  System  for  Reduced  EMI"  from  Analog  Devices 
(PubUcation  Note  EJ309-15-10/89). 


+5V  (Vcc) 


COMPONENT 

C1-CS 

C6 

C7 

LI 

R1,R2,R3 


DESCRIPTION 
0.1  |xF  Ceramic  Capacitor 
lOiLpTantalum  Capacitor 
47^FTantalum  Capacitor 
Ferrite  Bead 

7Sn  1%  Mstal  Film  Rmistor 


VENDOR  PART  NUIMBER 

Eria  RPE1 12ZSU104M50V 

MallorvCSR13G106KM 

MallorvCSR13F47SKM 

Fair-Rita2743001111 

Dal*CMF-55C 


Figure  6.  Typical  Connection  Diagram  and  Component  List 
(External  Current  Reference) 


APPLICATION  INFORMATION 
External  Voltage  vs.  Current  Reference 

The  ADV478/ADV471  is  designed  to  have  excellent  performance 
using  either  an  external  voltage  or  current  reference.  The  voltage 
reference  design  (Figure  5)  has  the  advantages  of  temperature 
compensation,  simplicity,  lower  cost  and  provides  excellent 
power  supply  rejection.  The  current  reference  design  (Figure  6) 
requires  more  components  to  provide  adequate  power  supply 
4jM$ertp<^^«M|piWMmB  ccoiqieDsation  (tmo  mmimis,  tbzee 
MsisiM  Mxi  aiiM«Ml  ca|»dtors). 


RS-170  Video  Generation 

For  generation  of  RS-170  compatible  video,  it  is  recommended 
that  the  DAG  outputs  be  connected  to  a  singly  terminated  75nioad. 
If  the  ADV478/ADV471  is  not  driving  a  large  capacitive  load, 
there  will  be  negligible  difference  in  video  quality  between 
doubly  terminated  750  and  singly  terminated  75n  loads. 

If  driving  a  large  capacitive  load  (load  RC>  l/(2irfc)),  it  is  re- 
commended that  an  output  buffer  (such  as  an  A0848  or  AD%17 
with  an  unloaded  ^ia>2)  be  used  to  drive  a  doubly  tenaiiiated 
7511  load. 
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ADV7120 


FEATURES 

80  MHz  Pipelined  Operation 
Triple  8-Bit  D/A  Conveitan^  I 
RS-343A/RS-170  Compatfbto  Outputs 
TTL  Compatible  Inputs 
+5  V  CIMOS  Monolithic  Construction 
40-Pin  DIP  or  44-Pin  PLCC  Package 
Power  Dissipation:  400  mW 

APPUCATIONS  '    '  10  V  '  0      . ' 

High  Resolution  Color  Graphiw 

CAE/CAD/CAM  Applications  ~ 

image  Processing 

Instrumentation 

Video  Signal  Reconstruction 

Deslctop  Puldishing  - -n 'O^i 

Diraet  Digitai  Syntfiesis  (DOS) 

SPEB)  QRADES  "  -    '  " 

BOIMHz 

50  MHz  '"^  -  •' 

30  MHz 

/. 

^NERAL  raSCRIFnON 

The  ADV7120  (ADV®)  is  a  digital  to  analog  video  converter  on 
a  single  monolithic  chip.  The  part  is  specifically  designed  for 
high  resolution  color  graphics  and  video  systems.  It  consuls  of 
three,  high  speed,  8-bit,  video  D/A  converters  (RGB);  a  stan- 
dard TTL  input  interface  and  high  impedance,  analog  output, 
oincot  sources. 

The  ADV7120  has  three  sgwiatt,  8-lnt,  pisd  mpat  ports,  one 
each  tgt  red,  green  and  bke  video  dau.  Adititinniil  video  input 
controls  on  the  part  include  composite  sync,  blsqk  and  reference 
white.  A  single  +5  V  supply^  an  external  1.23'V  reference  and 
pixel  clock  input  are  all  that  are  required  to  nu^  the  part 
operational. 

'^Bie  AB¥?120'i8  eapeUe  trf'senei«ii%-R(^~Ttdeo>outpiit  sig- 
nals, which  are  compatible  with  RS-343A  and  RS-170  video 

standards,  without  requiring  external  buffering. 

The  ADV7120  is  fabricated  in  a  +5  V  CMOS  process.  Its 
monolithic  CMOS  construction  ensures  greater  functionality 
with  low  power  dissipation.  The  part  is  packaged  in  both  a  0.6", 
40-pin  plastic  DIP:find  ^j^^q  plastic  loaied  (He*<l).cbq>  car- 
'rier, 


FUNCTIONAL  B1.0CR  DIAGRAM 

FS 

V«*  ADJUST  Vref 

— o  cy-Q- 


PRODUCT  mGHLIGHTS 

1 .  Fast  video  refresh  rate,  80  MHz. 

2.  Comp^tiblewithanide  variety  of  high  resolution  col(V 
g^l^U^;video  qrstons. 

3.  G^iianteed  monotQidc  widi  a  mammimi  differentiid  nm- 
lineantiy  of  ±0.5  LSR.  btegial  nonliiKaiity  is  ^naraniced  to 
be  anuaamnna  of  ±1'I<SB.  . 
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ADV7120-SPECIFICATIONS 


(V„  =  +5  V  ±5%;  V,Ef  =  +1.235  V;  R,.  =  37.5  ft,     =  10  pF;  Rsn  ' 
560  SI.  Isnc  eonmetsd  to  lOG.  All  Specifications     to  l^n  unless 
othenriss  BOtBd). 


STA5EIC  PPUISQRMANCE 
RsBolutioii  (Each  bAC) 
Acciincy  (Evh  DAQ 

Differential  NmiHoeaiity,  DNL 
Giajr  Scale  Error 

Coding 


8 

in  -  ' 

±0.5 

±5 

Binary 


Bits 

LSBmax 
LSBmaz 
%  Gray  Sode  max 


Guaranteed  Mmotonic  lO'-.i         •  ." 

Max  Gray  Scale  Current:  lOG  -  (Svi^  M  jSlSlliLsKr)'^ 

ii    V.'  :  IOR,  IOB  =  (Vref*  8,627/RsEt)  mA 


w©IGITAL  INPUTS 

Input  High  Voltage,  VnsiH 
Iiqnit  Low  Voltage,  Vq^ 
'  input  Current,  lifi 
Input  Capacitance,  Cjj^^ 


2 

0.8 
±1 
10 


V  min 

V  max 
|iA  max 
pF  max 


V™  =  0.4  V  or  2.4  V 


ANALOG  OUTPUTS 
Qttj  Scale  Oment  Range 

QuQHit  Current 
^Sniile  Level  Relative  to  Blank 

White  Level  Relative  to  Black 

UackLevd  Relative  lo|Blank 

Blank  l«lid«IO@ 

Sync  Level  an  KMS 

LSB  Size 
DAC  to  DAC  Matching 
Output  Compliance,  Vqc 

Output  Impedance,  Rout^ 
Output  Capacitance,  C^y^^ 


15 

22 

17.69 
20.40 
16.74 
18.50 
TT.W 
1.90 
0 
50 
6.29 
9.5 
rm  ■  ■ 

50 

69.1 

5 

-1 
+  1.4 
100 
30 


mA  min 
mA  max 

mA  min 
mA  max 
mA  min 
mA  max 
mA  min 
mA  max 
min 
(lA  max 
mA  min 
mA  max 
|iA  min 
liA  max 
(lA  typ 
%  max 

V  min 

V  max 
kfl  typ 
pF  max 


Typically  19.05  mA 
Typically  17.62  mA 
Typically  1.44  mA 
Typically  5  |iA 
Typically  7.62  mA 
Typically  5  jjiA 

Typically  2% 
loirr  =  0  mA 


VOLTAGE  REFERENCE 

Voltage  Reference  Range,  V^^p 
Inpur  Curreni,  I\  hep 


1.14/1.26 

-5 


V  minA'  m:ix 
mA  typ 


Vrjp  =  1.235  V  for  Specified  Performance 


POWER  R^IWEAS£NTS 
Iaa 

Power  Supply  Rejection  Ratio 
Power  Dissiintian 


5 

125 
100 
0.5 
625 
500 


Vnom 
mA  max 
mA  max 
%/%max 
mW  max 
mW  max 


Typically  80  mA:  80  MHz  Parts 
Typically  70  mA:  50  MHz  &  35  MHz  Fans 
TyiMcaUy  0.12%/%:  f  =  1  kHz,  COMP  =  0.1  nF 
Typcally  400  mW:  SO  MHz  Parts 
T^^lfcaUy  350  isaWrS0^«fz  &  SI  MHi-Par® 


DYNAMIC  PERFORMANCE 
CUtdi  Impulse^- ' 
DACNoiae'-'-* 
Analog  Output  Skew 


50 

200 

2 


pV  sees  typ 
pV  sees  typ 
ns  max 


TypicaUy  1  ns 


NOTES 

'Temperanire  Range  (J^  to  T„J;  0  to  +70°C. 
'Sample  tested  at         to  ensure  compliance. 

'TTL  input  values  are  0  to  3  volts,  with  input  rise/fall  times  ^3  ns,  measured  between  the  10%  and  90% 
outputs.  See  timing  notes  in  Figure  1. 

^This  includes  effects  due  to  clock  and  data  feedthrough  as  well  as  RGB  analog  oosstaUc. 
SptsaBsf^ammlUm  M  etMSt  Miei. 


poinis.  Tinung  icftieiuc  poiiitt  at  50%  Cor  uwuii  and 
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1  (V„  =  +5  V  ±5%;  VjEF  =  +1.235  V;  R,.  =  37.5  n,  Cl  =  10  pF;  Rjet  =  560  SI. 
IjvHc  connected  to  lOG.  All  SpeeipMops  TiMi  ^  Tnia^  iinl*^  o^erwjse  noted.) 


Faiaiiiietei 

1  .  ■  i  .   i  , 

80  MHz  Veiraon 

50  MHz  Version 

30  MHz  Veision 

Units 

Conditions/Comments'  ' 

max  ' 

80 

50 

30 

MHz  max 

Clock  Rate 

3 

6 

8 

ns  min 

Data  &  Control  Setup  Time 

k 

2 

1 

2 

ns  min 

Data  &  Control  Hold  Time 

%  ■ 

12.5 

20  .  • 

33.3 

ns  min 

Clock  Cycle  Time 

U 

4 

7 

9 

ns  min 

Clock  Pulse  Width  High  Time 

4 

7 

9 

ns  min 

Clock  Pulse  Width  Low  Time 

30 

30 

30 

ns  max 

Analog  Output  Delay 

20 

20 

20 

ns  typ 

3 

3 

3 

ns  max 

Analog  Output  Rise/Fall  Time 

^3  „„ 

IS  ■ 

15 

ns  typ 

Analog  Output  Transition  Time 

NOTES 

^TTL  input  v&lues  are  0  to  3  volts,  with  input  rise^all  times  : 
(sutput^.  See  timing  notes  in  Figure  1. 
^Temperanire  range  (T^  to  T^:  0  to  +70°C 
^Sample  tested  at  +2SX  to  ensure  compliance. 

C^tMMSB^nitMt  notice. 


:3ns,  measured  between  the  lOW  and  SM  ponm.  TtetBg  re&irace  ]X>iii«  at  S0%  te^^fir  0^ 


DIGITAL  INPUTS 
(R0-R7,  G0-G7,  B0-B7; 

SYNC,  BLANK, 
REF  WHITE) 


ANALOG  OUTPUTS 
(ICR,  lOG,  IOB,5lsyte): 


«3 

V-  ) 

«1 

f  DATA 

""1.. ■  'M 

NOTES  .  ' 

1.  OUTPUT  DELAY  (tj)  MEASURED  FROMTHE50%  POtNTOFTMEl^lNS  EDSEOF 
CLOCK  TO  THE  50%  POINT  OF  FULL-SCALE  TRANSITfON.  ' 

2.  TRANSITION  TIME  (to)  MEASURED  FROM  THE  50%  POINT  OF  FULL-SCALE 
TRANSITION  TO  WITHIN  2%  OF  THE  FINAL  OUTPUT  VALUE. 

3.  OUTPUT  RISE/FALL  TIME  (t,)  MEASURED  BETWEEN  THE  10%  AND  90%  POINTS 
^ffy^l,  TRANSITION. 


FigLfre  f.  Video  Input/Output  T'mmg,v. 
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ADV7120 


KECOMMENDED  OPERATING  CONDITIONS 


Parameter 

Symbol 

Alin 

Typ 

Max 

Units 

Pawer  Supply 
Ambient  Operating 

Temperature 
Output  Load 
Reference  Voltage 

Vaa 

4.75 

5.00 

5.25 

Volts 

Ta 
Rl 
Vref 

0 

144 

!   T  ' 

37.5 
1.235 

+70 
1.26 

"C 

n 

Vote 

I'CsiT  }[i^uiO  joIsoA  I 


ABSOLUTE  MAXIMUM  RATINGS* 

Vaa  to  GND  -jAkflte ^ 

Voltage  on  Any  Digital  Pin  ....  GND  ^^SWiB-Vaa  +0.5  V 
Ambient  Operatii^  Temperature  (T^J  .  i  s-s-i  ....  0  to  +70°C 

Storage  Temperature  (Ts)  -65''C  to  +150°C 

Junction  Temperature  (Tj)  s  +  175°C 

Soldering  Temperature  (10  sees)   '  300X» 

Vapor  Phase  Soldering  (1  minute)  220°C 

lOR,  lOB,  lOG,  IsTNe<to  ^ND'  0  V  to  V^* 

NOTES 

*Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
opcratioaal  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  a£bct  device  reliability. 

'Analog  Output  Short  Circitit  to  any  Power  Sup|]^  at  ^mmm  can  be  of  ate 
indefinite  duration. 


CAUTION   

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shimts.  The  protective  foam 
should  be  disiiliaisi^  let  ilK  iettiMi^         betote  desii|»  :«f  Issened. 


ORDERING  GUIDE 


Temperatitte 

Package 

Model 

Speed 

Range 

Option* 

ADV7120KN80 

80  MHz 

0°C  to  +70°C 

N-40A 

ADV7120KN50 

50  MHz 

0°C  to  +70°C 

N-40A 

ADV7120KN30 

30  MHz 

O'C  to  +70°C 

N-40A 

ADV7120KP80 

80  MHz 

0°C  to  +70''C 

P-44A' 

ADV7120KP50 

50  MHz 

0°C  to  +70°C 

P-44A 

ADV7120KP30 

30  MHz 

(TClo  +7(rC 

P-44A 

*N.  =  ^tmx  PIP;  P  =  Plastic  Leaded  Chqi  QuiKr.  Fn  oudiqc  information 
see  Rtdtage  Information  section. 


PIN  CONHGURATIONS 


PLCC 
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Pm  FUNCTION  DESCRIPTION 

Pin 

Mnemonic 

Function 

BLANK 


SYNE., 
CLOCK 
REItWfflTE  . 


R0-R7, 
G0-G7, 

B0-B7 

lOR,  lOG,  lOB 


IsY 


FS  ADJUST 


COMP 
Vrbf 

Vaa 
GND 


Composite  blank  control  input  (TTL  compatible).  A  logic  zero  on  this  control  input  driv^  tfie  analog  outputs,  lOR, 
lOB  and  lOG.iia'die  blanking  level.  The  BLANK  signal  is  latched  on  ttie  rising  edge  of  CLOCK,  mile  BLANK 
is  a  logical  zero,  the  R0-R7,  G0-G7,  R0-R7  and  REF  WHITE  pixel  and  control  inputs  are  ignored.  '  • 


Composite  sync  control  input  (TTL  compatible).  A  logical  zero  on  the  SYNC  input  switches  off  a  40  IRE  current 
source  on  the  Isync  output.  SYNC  does  not  override  any  other  control  or  data  input;  therefore,  it  should  only  be 
asserted  during  the  blanking  interval.  SYNC  is  latched  on  the  rising  edge  of  CLOCK. 


Clock  input  (TTL  compatible).  The  rising  pdge  of  CLOCK  latches  the  R0-R7,  G0-G7,  B0-B7,  SYNC,  BLANK 
and  REF  WHITE  pixel  and  control  inputs.  ,It  is  typical)y.the  pixel  clock  rate  of  the  video  system.  CLOCK  should 
be  driven  by  a  dedicated  TTL  buffer.         ;  ,. 

8«ltetiin6e<!«tee:eaeic«^'t^b«i^T7L  coa^Uble).  A  logical  one  on  this  input  fences  the  ICR,  lOG  and  IQB  j  .  . 
outputs  to  the  white  levdi'^BgBxfless  of-fhe  {Sxel  inpijt  dap  (R0-R7,  G0-G7  ^  BO^BT),  REF  WHITE  is 
latdied  on  the  rising  edge  of  clock.  ' 

Red,  green  and  bhie  pizd  data  inpaSs  (TTL  compatible).  Pixel  data  is  latched  on  the  rising  edgct«f  CLOCK;  RO, 
GO  and  BO  are  the  least  significant  data  bits.  Unused  pixel  data  inputs  should  be  connected  to  either  the  regular 

PCB  power  or  ground  plane. 

Red,  green,  and  blue  current  outputs.  These  high  impedance  current  sources  are  capable  of  direcdy  driving 

a  doubly  terminated  75  n  coaxial  cable.  All  three  current  outputs  should  have  similar  ouQ>ut  loads  whether  or  not 

they  are  all  being  used. 

Sync  current  output.  This  high  impedance  current  source  can  be  directly  connected  to  the  lOG  output.  This 
allows  sync  information  to  be  encoded  onto  the  green  channel.  Isykc  does  not  output  any  ciurent  while  SYNC  is 
at  logical  zero.  The  amouat  (tf  cuimit  output  at  Isync  wUie  STOC  is  at  logical  one  is  given  by: 

Wc  (fnA)  =  3,455  x  V^^  (V)/  Rset  W 
If  sync  information  is  not  required  on  the  green  channel,  Isync  should  be  connected  to  AGND. 
Full-scale  adjust  control.  A  resistor  (Rset)  connected  between  this  pin  and  GND,  controls  the  magnitude  of  the 
fiill-scale  video  signal.  Note  that  the  IRE  relationships  are  maintained,  regardless  of  the  full-scale  output  current. 

The  rdationsbip  between  Rset  and  the  fiill-scale  output  current  on  lOG  (assuming  Isvnc  is  coimected  to  lOG)  is 
givoi^: 

MsET  (fi)  =  12,082  X  VgEF  (VyiOG  (mA) 
The  idationship  between  Rset       'he  full-scale  output  current  on  lOR  and  lOB  is  given  by: 

lOR,  lOB  (mA)  =  8,62*  x  V^ef  (Vy  Rset  W 
Compensation  pin.  This  is  a  compensation  pin  for  the  internal  reference  amplifier.  A  0.1  jiF  ceramic  capacitor 
must  be  connected  between  COMP  and  V^a- 

Voltage  reference  input.  An  external  1.2  V  voltage  reference  must  be  connected  to  this  pin.  The  use  of  an 
external  resistor  divider  network  is  not  recommended.  A  0.1  piF  decoupling  ceramic  capacitor  should  be  connected 
between  V^ef  and  V^a. 

Analog  power  supply  (5  V  ±  5%).  All  Vaa  pins  on  the  ADV7120  must  be  connected. 
Ground.  All  GND  pins  must  be  connected. 
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TERMINOLOGY 

Blanking  Level   

The  level  separating  the  SYNC  portion  from  the  video  portion 
of  the  waveform.  Usually  referred  to  as  the  front  porch  or  back 
porch.  At  0  IRE  units,  it  is  the  level  which  will  shut  off  the  pic- 
ture tube,  resulting  in  the  blackest  possible  picture. 

Color  Video  (RGB) 

This  usually  refers  to  the  technique  of  combining  the  three  pri- 
mary colors  of  red,  green  and  blue  to  produce  color  pictures 
within  the  usual  spectrum.  In  RGB  monitors,  three  DACs  are 
required,  one  for  each  color. 


Sync  Signal  (SYNC) 
The  position  of  the  coi 
the  scanning  process. 

Gray  Scale 

The  discrete  levels  of  video  signal  between  reference  black  and 
reference  white  levels.  An  8-bit  DAG  contains  2S6  different  lev- 

cl'.i  _  ■    ,       rlii-j  r^l  iKfaaaOM  vi  oluon?  3ii->^;-i  itseii  taiBj  bof^ 


Raster  Scan 

The  most  basic  method  of  sweeping  a  CRT  one  line  at  a  tine  tis: 
generate  and  display  images.  ' 

Reference  Black  Level 

The  maximum  negative  polarity  amplitude  of  the  video  signal. 
Reference  White  Level 

The  maximnni  j^js^ve  polarity  amate^^iMDhe  vWeo  signal. 

Sync  Level' "  

The  peak  level  of  the  SYNC  signal.  '' 

Video  Signal 

That  portion  of  the  composite  video  signal  which  varies  in  gray 
scale  levels  between  reference  white  and  reference  black.  Also 
referred  to  as  the  picture  signal,  this  is  the  pjortion  yAMi  it^y  i 
be  visually  observed. 
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SITMH^  Triple  10-Bit  Video  DACs 


ADV7121/ADV7122 


FEATURES 

80  MHz  Pipelined  Operation 
Triple  10-Bit  D/A  Converters 
RS-343A/RS-170  Compatible  Outputs 
TTL  Compatible  Inputs 
+5  V  CMOS  Monolithic  Construction 
40-Pin  DIP  Package  (ADV7121) 
44-Pin  PLCC  Package  (ADV7122) 
Power  Dissipation:  400  mW 

APPLICATIONS 

High  Definition  TeievMsil  (HDTV) 
High  Resolution  Color  Graphics 
CAE/CAD/CAM  AppllestiOdS 

Image  Processing  SPEED  GRADES 

Instrumentation  80  MHz 

Video  Signal  Reconstruction  50  MHz 

Direct  Digital  Synthesis  (DDS)        30  MHz 

GENERAL  DESCRIPTKm 

The  ADV7121/ADV7122  (ADV®)  is  a  video  speed,  jdigital-w-  ; 
analog  converter  on  a  single  monolithic  cl^p.  The.part  is 
specifically  designed  for  high  resolotidh  color  grajihics  and  video 

systems  including  high  definition  television  (HDTV).  It  consists 
of  three,  high  speed,  10-bit,  video  D/A  converters  (RGB),  a 
standard  TTL  input  interface  and  high  impedance,  analog  out- 
put, current  sources. 

The  ADV7121/ADV7122  has  three  separate,  10-bit,  pixel  input 
ports,  one  each  for  red,  green  and  blue  video  data.  A  single  -f-S 
V  pQW«'  $up|:tly,  an  external  1.23V  reference  and  pixel  clock 
inpiit^'is  all  tbii  is  required  to  make  the  part  operational.  The 
AD V7122has additional  video  control  si^ials,  ibinposite  SYNC 
and  BLANK.  '  "'^  '''^ 

The  ADV7121/ADV7122  is  capable  of  gcfflerwing  RfctB  vids» 
output  signals  which  are  compatible  wi4  RS-343A,  ;RS^170  ^d 
most  proposed  production  system  HDTV  ^ideo  staiidards,  m- 
cluding  SMPTE  240M: 

The  ADV7121/ADV7122  is  fabricated  in  a  +5  V  CMOS  pro- 
cess. Its  monolithic  CMOS  construction  ensures  greater  func- 
MBatseyiwtth  haw  pcmm  dMpatiWi  The,AQ¥712l  is  packi^ed 
in  a  0.6",  40-pin  plastic  DIP  package.  The  ADV7122  is  pack- 
aged in  a  44-pin  plastic  l^ed  (J-lead)  chip  carrier,  PLCC. 


ADV7121  Functional  Block  Diagram 


ABV7t22  Functional  Block  Diagmm  ' 

■  i 

PRODUCT  HleMLIGin'S 

1.  Fast  vid«»  refresh  rate,  80  MHz. 

2.  Guaranteed  monotonic  to  10  bits.  Ten  bits  of  resolution  al- 
lows for  implementation  of  linearization  functions  au^  as 
gamma  correction  and  contrast  enhancement. 

3.  Compatible  with  a  wide  variety  of  high  resolution  color 
graphics  systems  including  RS-343A/RS-170  and  the  pro- 
posed SMPTE  240M  standard  for  HDTV. 


ADV  is  a  registered  tradema^  of  Analog  Devices,  Inc. 
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Kesolution  {tLncn  un(.] 

Accuracy  (Each  DAC) 
Integral  Nonlinearity,  INL 
Differential  Nonlinearity,  DNL 
Gray  Scale  Error 

Coding 


1" 

±3  ~ 
+  1.5/- 
±5 


1.0 


LSB  max 
LSB  max 
%  Gray  Scale  i 
Binary 


Guaranteed  Monotonic 

Max  Gray  Scale  Current  =  (Vref*  7,%9/  Rjet)  mA 


mo  t 


DIGITAL  INPUTS 
Input  High  Voltage,  V,fjH 
Input  Low  Voltage,  Vj^^l 
Input  Current,  Ij^ 
Input  Capacitance,  C,fj^ 


2 

0.8 
±1 
10 


2 

0.8 
±1 
10 


V  min 

V  max 
\iA  max 

pF  max 


Vm  =  0.4  Vfff  2.4  V 


ANALOG  OUTPUTS 
Gray  Scale  Current  Range 

Output  Current 
mileLevd 

BlaALe^^"^-*-^"- 

LSB  Size 
DAC  to  DAC  Matching 
Output  Compliance,  Vq^ 

Output  Impedance,  Rqut^ 
Output  Capacitance,  Cqut^ 


15 
22 

16.74 
18.50 
0 
50 

17.28 
5 

-1 
+  1.4 
100 

30  . 


15 
22 

16.74 
18.50 
0 
SO 

17.28 
5 

-1 
+  1.4 

100 
30 


mA  min 
mA  max 

mA  min 
mA  max 
(LA.min 
\lA  max 
(lAtyp 
%  max 

V  min 

V  max 
kil  typ 
pF  max 


Typically  17.«i2i«*o)riJ.*i.',:.v  I^/'C  ^  .M; 
Typically  2% 


In 


0  mA 


VOLTAGE  REFERENCE 
Voltage  Reference  Range,  V^ef 
Input  Cuiient,  Ivref 


1.14/1.26 

-5 


1.14^1.26 

-5 


V  min/V  max 


■>!->,  .  '  r.'list  n»ui  . 


POWER  REQUIREMENTS 


Power  Supply  Rejection  Ratio^ 
Power  Dissipation 


5 

125 
100 
0.5 

625 

500 


5 

125 
100 
0.5 

625 

500 


V  nom 
mA  max 
mA  max 
%/%max 
mW  max 
mW  max 


Typically  80  mA:  80  MHz  Parts 

Typically  70  mA:  50  MHz  &  35  MHz  Parts 

Typically  0.12  %/%:  f  =  1  kHz,  COMP  =  0.1  |iF 

Typically  400  mW:  80  MHz  Parts 

Typically  350  mW:  50  MHz  &  35  MHz  Parts 


DYNAMIC  PERFORMANCE 
Glitch  Impulse^'  ' 
DACNoise^' 
Analog  Output  Skew 


50  : 

200 

2 


50 
200 

2 


pV  sees  typ 
pV  sees  typ 


Tjp^Sify  i  its' 


NOTES 

'Temperature  Range  (T^  to  T^):  0  to  +70°C. 
^Sample  tested  at  25X  to  ensure  compliance. 
^TTL  input  values  are  0  to  3  volts,  with  input  rise/fall  dines 
outputs.  See  timing  notes  in  Figure  1. 
*This  includes  effects  due  to  clock  and  data  feedthrough  as  well  as  RGB  analog  crosstalk. 

Speciiicatioiis  subject  Co  change  without  notice. 

^,;    :  :  .  -  ».;.ui,,...:  -f,;.      -/.^  •,..-.(, 


3  ns,  measured  between  the  10%  and  90%  points.  Timing  reference  points  at  50%  for  inputs  and 
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Parameter 

J  Version 

K  Version 

Units 

Test  Conditions/Comments 

STATIC  PERFORMANCE 

Resolution  (Each  DAC) 

10 

10 

Bits 

Accuracy  (Esch  DAC) 

Integral  Nonlinearity)  INL 

±3 

±2 

LSB  max 

Di£feEentid'Nabtt&euity,  DNL 

+  1.5/-1.0 

±1 

LSB  max 

Guaranteed  MoqAIOiiic 

'^r^:  State  Edfior  . 

±5 

±5 

%  Gray  Scale  max 

Max  Gray  Scale  Cnnent:  lOG  =  (Vref*12.082/Rset)  mA 

ICR,  lOB  =  (VKEF*8,627/RsBr)  mA 

Coding 

Binary 

DIGITAL  INPUTS 

Input  High  Voltage,  Vjnh 

2 

2 

V  min 

laput  Low  Voltage^' 

0.8 

0.8 

V  max 

Input  Current,  1^ 

±1 

±1 

fiAmax 

Vn,  =  0.4  V  or  2.4  V 

Input  Capacitance,  Cim^ 

10 

10 

pF  max 

ANALOG  OUTPUTS 

Gray  Scale  Current  Range 

15 

15 

mA  min 

22 

22 

mA  max 

17.69 

17.69 

mA  mm 

Tvnir>Eillv  1Q  AS  mA 

20.40 

20.40 

mA  max 

16.74 

16.74 

mA  rmn 

Typically  17.62  mA 

18.50 

18.50 

mA  max 

DlUbA  l-iCVGi  ACUIUVC  iV  iJlallK 

0.95 

0.95 

mA  min 

1.90 

1.90 

mA  max 

T  js     11     «  A 

Rlark  T  .m»>I  nn  TDR  TftR 
DiacK  i^cvci  on  iua,  »\jo 

Q 

Q 

(x'A  min 

50 

50 

Blafik  T.evet  on  lOfi 

6.29 

6.29 

mA  min 

Tvmf!^tlv  7  f>?  mA 

9.5 

9.5 

mA  max 

Sync  Level  on  lOG 

0 

0 

(xA  min 

_^                  ■■■  "  '■.       .ifi  f  . 

Tvmcallv  5  aA  ■ 

50 

50 

jxA  max 

17  28 

17  28 

(xA  typ 

DAC  10  DAC  Matching 

5 

5 

Output  Compliance,  Vqc 

-1 

-1 

V  min 

+  1.4 

+  1.4 

V  max 

Output  Impedance,  Rqut^ 

100 

100 

kn  typ 

Output  Capacitance,  Cqut^ 

30 

30 

pFniaz 

loirr  —  0  mA 

VOLTAGE  REFERENCE 

Voltage  Reference  Range,  Vref 

1.14/1.26 

1.14/1.26 

\'  mm  A'  max 

^KBp  ^  l.2t^^^  Specified  Performance 

Input  Current,  Ivref 

-5 

-5 

mA  cyp 

POWER  REQUIREMENTS 

Vaa 

5 

5 

V  nom 

125 

125 

inA  max 

Tvpicallv  80  mA:  80  MHz  Parts 

100 

100 

mA  max 

Typically  70  mA:  50  MHz  &  35  MHz  Parts 

Pmiier  Siqiply  Rejection  Ratio' 

0.5 

0.5 

%/%i>ux 

iyi^^itty  0,12%/%:  f  =  1  kHz,  COMP  =  0.01  »iF 

Power  Dissipation 

625 

625 

njVmax  ..1 

I^^nealfy  400vii»W:  80  MHz  Farts 

500 

500 

mW  max 

Typically  350  inW:  50  MHz  &  35  MHz  Farts 

DYNAMIC  PERFORMANCE 

diub  bruise'- ' 

50 

50 

jlV«c»*j|».''.. 

■\.  ,  - 

DAC  Noise'- 

200 

200 

pVsecstn* 

Analog  Output  Skew 

2 

2 

US  max 

Tyincally  1  ns 

'TemperatiafcRiB^B        to  T^:  0  to  *70^. 
^Sample         at  25*^  to  ensure  compliance.   ' " 

^TTL  input  values  are  0  to  3  volts,  with  input  rise/fall  times  <3  ns,  measured  between  the  10%  and  90%  points.  Tiniing  refCTcnce  points  at  50%  for  inputs  and 
outputs.  See  timing  notes  in  Figure  I. 

*ThB  includes  effects  due  to  clock  and  data  feedthrough  as  well  as  RGB  analog  crosstalk. 
Spec^ctfieiK  «ibt«t  to  ehuwe  vrithoi^  nciF^^  !  |  '         I  i 

«'"-^  I      <    ■  I     .r  I  . 
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mmn/Mmm 


TIMIMQ  rUAQAPTPDICTirCl  '^«»  =  +5  V  ±  5%;  V,Ef  =  +1.235  V;  Ri  =  37.5  n,  =  10  pF;  Rsn  =  5601  Xl. 
lllTlinu  unHlutuiLnioiiUO   in  ^nor-ifipafinnt  t  .  »n  T   ^  urIbss  Otherwise  noted.) 


ou  jRftO«  Teutons 

JU  iVUlZ  T  CIolUlUI 

innz  vcrauus 

Units 

finax 

80 

SO 

30 

MHz  max 

Clock  Rate 

t. 

3 

6 

8 

ns  min 

Data  &  Contifl  Setup  Tigq$ 

2 

2 

2      -  '  : 

ns  min 

Data  &  Coiitz»l  Tim? 

12.5 

20  bj):r.u;..- 

33.3 

ns  min 

adds.  Qfdr. Time  ■ 

u 

4 

7   »Ur-    ■-•T  .". 

9 

ns  min 

Qock  Pulse  Width  Hi^  ITime 

4 

7 

9 

ns  min 

Clock  Pulse  Width  Low  Time 

30 

30 

30 

ns  max 

Amilog  Output  Delay 

20 

20 

20 

ns  typ 

h 

3 

3 

3 

ns  max 

Analog  Output  Rise/F^  Time 

12 

IS 

15 

ns  typ 

Analog  Output  TiaasiQfq|,^ime 

are  0  to  3  volts,  with  tnimt  rise^^<tiaK»  ^ 

-a  nntmr  In  T*itnirm  1 


NOTES 

'TTL  ofnt  vatun  

outputs.  See  tuning  notes  in  Figure 

^Temperature  range  (X^^a  to  T^^):  0  to  +70°C. 
'Sample  tested  at  +25X  to  ensure  compliance. 
Speciiications  subject  to  change  without  notice. 


iKtiKen  tbe.lOK  and  90%  points.  Xiiniog  nfaqiai  ndteMf  STOTbr  inpids  and 

rrmTj  ■■>■■■:.: 


Mmuaaoumm 
(1011,1001  ro^ 


NOTES 

1.  OUTPUT  DELAY  (t,  )  MEASURED  FROM  THE  50%  POOITOFTHE 
RISING  EDGE  OF  THE  CLOCK  TO  THE  50%  POINT  OF 
FIIU..SCALE  TTUNSmON. 

2.  TRANSITION  TaiE(tt)  MEASURED  FROM  THE  50%  POINT  OF 
FULL.SCALE  TRANSITION  TO  WITHIN  2%  OF  THE  FINAL  OUTPUT 
VALUE. 

3.  OUTPln'  RISE/FALL  TIME  ( t, )  MEASURED  BETWEEN  THE  10% 
AND  90%  POINTS  OF  FULL-SCALE  TRANSITION. 

4.  SYNC  AND  BLANK  DIGITAL  MPUTS  ARE  NOTT  PROVIDED  ON 
THEADV7121. 


Figure  1.  Video  Input/Output  Timing 


■•Ti^H>«BIU{; 


RECOMMlMDm)  t^mtitmi  CONDITIONS 


Paiameter 

Symbol 

Min 

Typ 

Max 

Units 

Power  Suiqily 

Vaa 

4.75 

5.00 

5.25 

Volts 

Aqi^iKt  (C^eratiiig 

TcB^ia^iEQfe 

Ta 

0 

+70 

X  " 

Ouqnit  Load 

Ri. 

37.5 

n 

Ri^eience  Voltage 

Vref 

1.14 

1.235 

1.26 

Volts 

ADV7121/ADV7122 


ORDERING  GUIDE 


Accnracy 

Package 

Modd 

Speed 

DNL 

INL 

Temperature 

Option' 

on  MR? 
ou  nine 

+  1 

5 

+  3 

0°C 

to 

+  70°C 

N-40A 

AOVT^IJNSO 

50  MHz 

+  1 

5 

±3 

0°C 

to 

+  70°C 

N-40A 

ADV7121JN30 

30  MHz 

+  1 

5 

±3 

0°C 

to 

+  70'"C 

N-40A 

ADV7121KN80 

80MHz 

±1 

±2 

0°C 

to 

+  70'"C 

N-40A 

ADV7121KN50 

50MHz 

±1 

±2 

o°c 

to 

+  70°C 

N-40A 

ADV7121KN30 

30  MHz 

±1 

±2 

o°c 

to 

+  70°C 

N-40A 

ADV7122JP80 

80  MHz 

+  1 

5 

±3 

o°c 

to 

+  70''C 

P-44A' 

ADV7122JP50 

80  MHz 

+  1 

5 

±3 

0°C 

to 

+  70°C 

P-44A^ 

ADV7122JP30 

80  MHz 

+  1 

5 

±3 

0°C 

to 

+  70°C 

P-44A^ 

80  MHz 

±1 

±2 

o°c 

to 

+  70°C 

P-44A^ 

50  MHz 

±1 

±2 

0°C 

to 

+70°C 

P-44A' 

ADV7122KP30 

30  MHz 

±1 

±2 

o°c 

to 

+70°C 

P-44A^ 

NOTES 

'N  =  Plastic  DIP;  P  =  Plastic  Leaded  Chip  CaEner.^|D^oiittiiK  inlbmialifla.see 

Package  Information  section. 
'PLCC:  Plastic  Leaded  Chip  Camer  (J-\aS). 


ABSOLUTE  MAXIMUM  RATINGS* 

to  GND  +7  V 

Voltage  on  Any  Digital  Pin  GND  -0.5  V  to  V^^+O-S  V 

Ambient  Operating  Temperature  (T^)  0  to  +  70°C 

Storage  Temperature  (Tg)  -65°C  to  +150°C 

Junction  Temperature  (Tj)  +  175°C 

Soldering  Temperature  (5  sees)   220°C 

Vapor  Phase  Soldering  (1  minute)    220°C; 

ICR,  lOB,  lOG  to  GND*  0  V  to  V^a 

NOTES 

*Stresses  above  these  UaQed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  liie  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
opetaioBal  sections  of  this  specification  is  not  implied.  Exposure  taiabs^lwe 
""^V'ffn'Tf*  tttdn%  conditions  for  extended  periods  may  affect  device  relia^tjr. 

'Analog  0U^t  short  cvcuit  Vi  any  pow^  supply  or  common  can  be  of  an 
indefinite  dotatiqa. 


1.J/?I-'"1    »*  : 


CAUTION   

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  imconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shimts.  The  protective  foam 
should  be  discharged  to  the  destination  socket  before  devices  are  inserted. 


HDN  CONFIGURATIONS 


DIP  (N-40A)  Package 


Gl[7 

G4[l0 

G5[ll 
G6[T2 
G7[l3 
Gsju 
G9  [li 
BUUIk|i6 

iviic|i7 


ADV7122  PLCC 


TOP  VIEW 
(Not  to  Scale) 


»|fS  ADJUST 
F|C0MP 

m|ior 
a|ioe 

k]iob 

3l]  GND 

w]gnd 

^  CLOCK 


|ie||«]|20|l2l]l22]|23]|24)|25||26]l27][28] 


R6  [T  • 

n7|T 

Re[T 

Rg[T 

Go|T 

oi[? 

G2[7 
GsjT 
G4[J 
GS^ 
G6|l1 
G7^ 
GB^ 
G9^ 

v..  lis 

Bo[l6 
Bl  [l7 
82  [l8 
B3|li 
B4|» 


ADV7121  DIP 

TOP  VIEW 

(Not  to  Scale) 


«]|IS 
»]b4 
S]R3 
^R2 

x]ri 
s]m 

h]fS  ADJUST 

iHvpo. 

»] COMP 
3l]lOR 

m]iog 

»]iOB 
27]  GND 
»]  CLOCK 
25]  B9 
24]  B8 
23]  B7 
22]  B6 
21]  B5 
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Fin 

Mnemonic 


BLANK* 

■>'■   .  . 

CLOCK 

R0-R9, 
G0-G9, 
B0-B9 

lOR,  lOG,  lOB 
FS  ADJUST 


COMP 

Vref 

Vaa 


Composite  blank  control  input  (TTL  compatible).  A  logic  zero  on  this  control  input  drives  the  analog  outputs, 
lOR,  lOB  and  lOG,  to  the  blanking  level.  The  BLANK  signal  is  latched  on  the  rising  edge  of  CLOCK.  While 
BLANK  is  a  logical  zero,  the  R0-R9,  G0-G9  and  R0-R9  pixel  inputs  are  ignored.  / 


Composite  sync  control  input  (TTL  compatible).  A  logical  zero  on  the  SYNC  input  switches  off  a  40  IRE 
current  source.  This  is  internally  connected  to  the  lOG  analog  output.  SYNC  does  not  override  any  other 
control  or  data  input,  therefore,  it  should  oily  be  asserted  during  the  blanking  interval.  SYNC  is  latched  on  the 
rising  edge  of  CLOCK.   

If  sync  information  is  not  required  on  the  green  chaimel,  the  SYNC  input  should  be  tied  to  logical  zero. 


Clock  input  (TTL  compatible).  The  rising  edge  of  CLOCK  latches  the  R0-R9,  G0-G9,  60-69,  SYNC  and 
BLANK  pixel  and  control  inputs.  It  is  typically  the  pixel  clock  rate  of  the  video  system.  CLOCK  should  be 
"ctri&By  a^aated  TTLbuJSfer.  .  :2  I'-^'^j 

Red,  green  and  blue  pixel  data  ii^ots  canqatible).  Pixel  data  is  latdied  on  the  rirang  edge  of  CLOCK. 
RO,  GO  and  BO  are  the  least  agiMmet  ^m  1^.  Unt^Pil'  M1l^ilit^i|6^d%e  tSUmected  to  either  the 
regular  PCB  power  or  ground  plane. 

Red,  green,  and  blue  current  outputs.  These  high  impedance  currmt  sources  are  capable  of  directly  driving  a 
doubly  terminated  7S  CI  coaxial  cable.  All  three  current  otitpnts  should  have-nmilar  output  loads  whether  or  not 
they  are  all  being  used. 

Full-scale  adjust  control.  A  resistor  (Rset)  connected  between  this  pin  and  GND,  controls  the  magnitude  of  the 
fiill-scale  video  signal.  Note  that  the  IRE  relationships  are  maintained,  regardless  of  the  full-scale  output 
current. 

The  relationship  between  Rset  full-scale  output  current  on  lOG  (assuming  Isync  ^  connected  to  JOG) 

isgnroiby:  <:.'.'-. 

Kser  (Q)  =      12,082  x  Vref  (V)/I0G  (mA) 

The  ie^tidiBhip  between  Rsbt  and  the  ftill-scale  output  current  on  lOR,  td6  and  IO&  is  given  by: 
lOG*  (mA)  =      12,082  x  Vref  (V)/Rset  (")      (SYNC  being  asseresd) 

lOR,  lOB  (mA)  =      8,628  x  Vref  (V)/Rset  (") 


The  Equation  for  TOG  will  be  the  same  as  that  for  lOR  and  JOB  when  SYNC  is  not  being  used,  i.e.,  SYNC 
tied.permanently  low.  For  the  ADV7121,  all  three  analog  output  currents  are  as  described  by: 

t?      IOR,IOG,IOB  &[iA)       =      7,969  xVRBp(VyRsEr(n) 
Cbdq)ensation  pin.  This  is  a  compensation  pin  for  the  internal  reference  amplifier.  A  0.1  c^sacitor 
must  be  connected  between  COMP  and  V^a- 

Voltage  reference  input.  An  external  1.23V  voltage  reference  must  be  connected  to  this  pin.  The  use  of  an 
external  resistor  divider  network  is  not  recotimiended.  A  0.1  (xF  decoupling  ceramic  capacitor  should  be 
connected  between  Vref  and  V^a. 

Analog  power  supply  (5  V  ±  5%).  All  V^  pins  on  the  ADy7121/ADV7122  must  be  connected. 


Ground.  All  GND  pins  must  be  connected. 


*SYNC  and  BLANK  functions  are  not  pnmded  on  the  ADV7121. 
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Blanking  Level   

The  level  separating  the  SYNC  portion  from  the.  video  portion 
of  the  waveform.  Usually  referred  to  as  the  front  porch  or  back 
porch.  At  0  IRE  units,  it  is  the  level  which  will  shut  off  the  pic- 
ture tube,  resulting  in  the  blackest  possible  picture. 

Color  Video  (RGB) 

This  usually  refers  to  the  technique  of  combining  the  three  pri- 
mary colors  of  red,  green  and  blue  to  produce  color  pictures 
within  the  usual  spectnun.  In  RGB  monitors,  three  DACs  are 
required,  one  for  each  color.  s 


Sync  Signal  (SYNC) 

Hie  portion  of  the  composite  video  signal  vtinck  synchronizes 

the  sfanning  process. 

Grayscale 

The  discrete  levels  of  video  signal  between  DdTeieE^  black  and 
referoice  «^ite  levels.  A  lO-bh  DAC  contaim  1024  different 
levels,  whfle  an 'S^t  0ACcdntms  2S6. 


Raster  Scan 

The  most  basic  method  of  sweeping  a  CRT  one  line  at  a  time  to 
generate  and  display  images. 

Reference  Black  Level 

The  maTimiim  native  polarity  amplitude  of  the  video  signal. 
Reference  White  Level 

The  maximimi  positive  polarity  amplitude  aC  the  video  agnal. 

Sync  Level   

The  peak  level  of  the  SYNC  signal. 

Video  Signal 

That  portion  of  the  composite  video  signal  which  varies  in  gray 
scale  levels  between  reference  white  and  reference  black.  Also 
referred  to  as  the  picture  signal,  this  is  the  portion  which  may 
be  visually  observed. 


ORCUIT  DESCRIPTION  &  OPERATION 

The  ADV7121/ADV7122  contains  three  10-bit  D/A  converters, 
with  three  input  channels,  each  containing  a  10-bit  register.  Also 
integrated  on  board  Ae  part  is  a  reference  amplifier,  CRT  con- 
trol functions  BLANK  and  SYNC  are  ints^rated  on  board  the 
ADV7122. 

Digital  Inputs 

Thirty  bits  of  pixel  data  (color  information)  R0-R9,  G0-G9  and 
B0-B9  are  latched  into  the  device  on  the  rising  edge  of  each 
clock  cycle.  This  data  is  presented  to  to  the  three  10-bit  DACs 
and  is  then  converted  to  three  analog  (RGB)  output  waveforms. 
See  Figure  2. 

The  ADV7122  has  two  additional  control  signals,  which  are 
latched  to  the  analog  video  outputs  in  a  similar  fashion. 
BLANK  and  SYNC  are  each  latched  on  the  rising  edge  of 
CLOCK  to  maintain  synchronization  with  the  pixel  data  stream. 


The  BLANK  and  SYNC  functions  allow  for  the  encoding  of 
these  video  synchronization  signals  onto  the  RGB  video  output. 
This  is  done  by  adding  appropriately  weighted  current  sources 
to  the  analog  outputs,  as  determined  by  the  logic  levels  on  the 
BLANK  and  SYNC  digital  inputs.  Figure  3  shows  the  analog 
output,  RGB  video  waveform  of  the  ADV7121/ADV7122  .  The 
influence  of  SYNC  and  BLANK  on  the  analog  video  waveform 
is  illustrated. 


Table  I  details  the  resultant  effect  on  the  analog  outputs  of 
BLANK  and  SYNC. 

All  these  digital  inputs  are  specified  to  accept  TTL  logic  levels. 
Qock  Input 

The  CLOCK  input  of  the  ADV7121/ADV7122  is- typically  the 
pixel  clock  rate  of  the  system.  It  is  also  known  as  the  dot  rate. 
The  dot  rate,  and  hence,  the  required  CLOCI^  frequency,  will 
be  determined  by  the  on-screen  resolution,  according  to  the  fol- 
lowing equation: 

Dot  Rate  =  (Hmiz  Res)  x  (Vert  Res)  x  (Refresh  Rctte  y 

(Retrace  Factor) 


Horiz  Res 
Vat  Res 
R^GtediRate 


Retrace  Factor 


Number  of  Pixels/Line. 

Number  of  Lines/Frame. 

Hoiigontal  Scan  Rate.  This  is  the  rate  at 
y&asSx  the  screen  must  be  refreshed,  typ- 
ify 60  Hz  for  a  noninterlaced  system 
or  30  Hz  for  an  interlaced  system. 

Total  Blank  Time  Factor.  This  takes 
into  account  that  the  display  is  blanked 
for  a  certain  fraction  of  the  total  dura- 
tion of  each  frame  (e.g.,  0.8). 


OIQITAL  INPUTS 
(RI>-R9,G&-G9,B0-B9 

SYNC,  BLANK)  ^ 


ANALOG  OUTPUTS 
(lOR,  lOG,  lOB) 


Figure  2.  Video  Data  Input/Output 
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tfw  tbScOm  biM  a  gtq^thks  siStd&'iHSE  a  1024'^  1024  kso^ 
hitioii,  a  noniiitabis^  ^  Ify  pebalk  me  and  a  ietiaeei&tMN«# 

Dot  Rale    =     1024  x  1024  x  eOdaJP*™  ■ 
=     78.6  MHz  l> 
.  '!^K  ji:.  '  •  -.1)  K-  suu.<ilqniB  /Jhsl'Xs  • 


RED,  BLUE 

GREEN 

mA 

V 

mA 

V  , 

19.05 

0.714 

26.67 

1.000 

■.■^  c 

0.054 

9.05 

0.340 

0 

0 

7.62 

0.286 

UJ'' 

0 

0 

' T  •.-'*n-\r  n*  I;'!'-""?  we  f^ip^ni  f?t*nttt  ty^r^  "* 


The^reqiffied  CTOCK  Sequency  is'thiis  78.6  MHz. 

All  video  data  and  control  inputs  are  latched  into  the 
ADV7121/ADV7122  on  the  rising  edge  of  CLOCK,  as  previ- 
ously described  in  the  "Digital  Inputs"  section.  It  is  recom- 
mended that  the  CLOCK,Krout  ;o  the  ADV7I21/ADV7122  be 
driwn  by  a  Ti&  jy' 74E2i^^^^ 

{sa»)c  V.'.. 

-nq  J ..•(!•  311.  truupJflfLiSJ  St*  7*  sr^'*-"  •■ 

<?iL'JV^;  h/.^.  ;ivi;t>5ici  o>        bus  • 

WHITE  LEVEL  . 


BLACI^L^VEL 
»JiNK  LEVEL 

SYNC  LEVEL 


NOTES 

1.  OUTPUTS  CONNECTED  TO  A  DOUBLY  TERMINATED  75£J  LOAD. 

2.  Vref  =  1.235V,  RsET  =  560n  . 

3.  RS-343A  LEVELS  AND  TOLERANCES  ASSUMED  ON  ALL  LEVELS. 

Figure  3.  RGB  Video  Output  Waveform 


.)  train 


Description 

lOG 

(mA)' 

lOR,  lOB 
(mA) 

SYNC 

BLANK 

DAC 

Input  Data 

WHITE  LEVEL 

26.67 

19.05 

1'  •'• 

1 

3FFH^"  '  - 

VIDEO 

video  -1-  9.05 

video  -1-  1.44  < 

1 

data  . 

VIDEO  to  BLANK 

video  -1-  1.44 

video  -f-  1.44 

0 

1 

data     ■-:  ;i 

BLACK  LEVEL 

9:05 

1.44 

1 

1 

OOH          n  ;  - 

BLACK  to  BLANK 

1.44 

1.44 

0 

1 

OOH 

BLANK  LEVEL 

7.62 

0 

1 

0 

xxH 

SYNC  LEVEL 

0 

0 

0. 

0. 

joH  . 

NOTE 

'Tyincal  widi  ftU-scak  lOG  =  26.67  mA.  \^  =  1.23S  V,  Rssr  =  560  n,  Is^n^  comwcted  to  lOG. 
Isbi^  la.  Vicfao  Optput  Truth  Jable  for  the  ADV7122 


Description 


DAC  Input  Dau 


WHITE  LEVEL 
VIDEO 

VIDEO  to  BLACK 
BLACK  LEVEL 


r&^.i.:  .■■..',1 


NOTB 


wotjoat 

Table  lb.  Video  Output  Truth  Table  for  the  ADV7121 


7S^0fl4  -m@ITAL'TO-AmLOG CONVERTERS 


REV.  A 


ADV7l2t^*7ife 


Video  Synchronization  &  Control   

The  ADV7122  has  a  single  composite  sync  (SYNC)  input  con- 
trol. Many  graphics  processors  and  CRT  controllers  have  the 
ability  of  generating  horizontal  sync  (HSYNC),  vertical,  sync 
(VSYNC)  and  composite  SYNC. 

In  a  graphics  system  which  does  not  automatically  generate  a 
composite  SYNC  signal,  the  inclusion  of  some  additional  logic 
circuitry  will  enable  the  generation  of  a  composite  SYNC  signal. 

The  sync  current  is  internally  connected  directly  to  the  lOG 
output,  thus  encoding  video  synchronization  information  onto 
the  green  video  channel.  If  it  is  not  required  to  encode  sync  in- 
formation onto  the  ADV7122,  the  SYNC  input  should  be  tied  to 
logic  low. 

Refei^nce  Input 

Aa^ff^  143  y  .^ndfwe  Kference  is  requi|ed  tp  dti^tlK 
AIxWLtll/iC^i&'Tis  Ab5S9  from  Analog  De^cests  p  , 
ideal  choice  of  reference.  It  is  a  two-terminal,  low  cost,  tea^ien- 
ture  etmip^sated'baii^^veltage  rrfeceft^  «(hMi'{i^^ites  a 
fiirad%23  T  ouqjut  voltage  for  input  currents  between  SO  |iA 
a&d  5  iieA.  Figiire  4  shows  a  typical  reference  circuit  coimection 
diagram.  The  voltage  reference  gets  its  current  drive  from  the 
ADV7121/ADV7122's  V^a  through  an  on-board  1  kil  resistor  to 
the  Vkef  piti'  A  0.1  |xF  ceramic  capacitor  is  required  between 
the  COMP  pin  and  V^a.  This  is  necessary  so  as  to  provide  com- 
pensation for  the  internal  reference  amplifier.  ^ 

A  te^siance  Ksbt.  cpmKCted  betwefes'  BS^^AIttJjPiT  land  GND 
dettnidaa  the  «|A&mte  of  the'putput  v^A^^^'^fbrebtS  to 
Equitiiims  tand  2  for  dw  AbV7122  mtBgoAm  tiit  the 
ADV7121: 

lOG*  (mA)  =  12,082  x  V^^  (VyRs^r  W  (D 

lOR,  lOB  (mA)  =  8,628  x  (V)/Rset  W   (2) 

lOR,  lOG,  lOB  (mA)  =  7,969  x  VgEf  (V)/Rset  W  ■  ■  (3) 

*Chify(nfl^  W  <fe  Wpfiii^til^  u  being  used.  If 

SYNC  is  tun  being  encoded  onto  Ac  green  chamiel,  tkea 
Eguatiott  I  wHl  be  similar  to  Equation  2. 


ANALOG  POWER  PLANE 


Using  a  variable  value  of  Rset>  as  shown  in  Figiure  4,  allows  for 
accurate  adjustment  of  the  analog  output  video  levels.  Use  of  a 
fixed  StiO  fl  RsET  resistor  yields  the  analog  output  levels  as 
qutoed  ill  die  sped&alim  page.  These  values  typically  corre- 
spond to  the  RS-343A  video  waveform  values  as  shown  in 
Figure  3. 

D/A  Converters 

The  ADV7121/ADV7122  contains  three  matched  10-bit  D/A 
converters.  The  DACs  are  designed  using  an  advanced,  high 
speed,  segmented  architecture.  The  bit  currents  corresponding 
to  each  digital  input  are  routed  to  either  the  analog  output 
(bit  =  "1")  or  GND  (bit  =  "0")  by  a  sophisticated  decoding 
scheme.  As  all  this  circuitry  is  on  one  monolithic  device,  match- 
ing between  the  three  DACs  is  optimized.  As  well  as  matching, 
the  use  of  identical  current  sources  in  a  monolithic  design  guar- 
t  monotonicity  and  low  glitch.  The  on-board  operational 
'  stabilizes  the  full-scale  output  current  against  tempera- 
tmwand  pt/wet  sapflty  variations. 

Analog  Outputs  '  " 

The  ADV7121/ADV7122  has  three  analog  outputs,  correspond- 
ing to  the  red,  green  and  blue  video  signals. 

The  red,  green  and  blue  analog  oafputs  of  the  ADV7121/ 
ADV7122  are  high  impedance  current  sources.  Each  one  of 
these  three  RGB  current  outputs  is  capable  of  directly  driving  a 
37.5  fl  load,  such  as  a  doubly  terminated  75  f!  coaxial  cable. 
Figure  5a  shows  the  required  configuration  for  each  of  the  three 
RGB  outputs  connected  into  a  doubly  terminated  75  fl  load. 
This  arrangement  will  develop  RS-343A  video  output  voltage 
levels  across  a  75  fl  monitor. 

A  suggested  method  of  driving  RS-170  video  levels  into  a  75  fl 
monitor  is  shown  in  Figure  5b.  The  output  current  levels  of  the 
DACs  remain  imchanged,  but  the  source  termination  resistance, 
Zs,  on  each  of  the  three  DACs  is  increased  from  75  fl  to  150  CI. 


lOR,  lOG,  lOB 


DACs 


Zo=75fJ 


(SOURCE 
TERIWUnON) 


(CABLE) 


(laoMTon) 


V 


TERMINATION  REPEATED  THREE  TIMES 
FOR  RED,  GREEN  AND  BLUE  DACs 


Figure  5a.  Analog  Output  Termination  for  RS-343A 
lOR.lOG,  lOB  2  -7Sn 
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(SOURCE'' 
TERMINATION) 


(CABLE) 


-AoomoNM.  ciRcurniY,  including 
DECOUinjNq  OOMPOICNTS, 
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TERMINATION  REPEATED  THREE  TIMES 
FOR  RED,  GREEN  AND  BLUE  DACs 


Figure  4.  Reference  Circuit 


Figure  Sb.  Analog  Output  Termination  for  RS-170 
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ous  output  configurations,  including  RS-343A  and  RS-170,  is 
available  in  an  Application  Note  entitled  "Video  Formats  & 
Required  Load  Terminations"  available  from  Analog  Devices, 
publication  no.  E1228-15-1/89. 

Figure  3  shows  the  video  waveforms  associated  with  the  three 
RGB  outputs  driving  the  doubly  terminated  75  (1  load  of  Fig- 
ure 5a.  As  well  as  the  gray  scale  levels.  Black  Level  to  White 
Level,  the  diagram  also  shows  the  contributions  of  SYNC  and 
BLANK  for  the  ADV7122.  These  control  inputs  add  appro- 
priately weighted  currents  to  the  analog  outputs,  producing 
the  specific  output  level  requirements  for  video  appUcations. 
Table  la  details  how  the  SYNC  and  BLANK  inputs  modify 
the  output  levels. 

Gray  Scale  Operation 

The  ADV7121/ADV7122  can  be  used  for  stand-alone,  gray  scale 
(monochrome)  or  composite  video  applications  (i.e.,  only  one 
chaimel  used  for  video  information).  Any  one  of  the  three  chan- 
nels, RED,  GREEN  or  BLUE  can  be  used  to  input  the  digital 
video  data.  The  two  unused  video  data  channels  should  be  tied 
to  logical  zero.  The  unused  analog  outputs  should  be  terminated 
with  the  same  load  as  that  for  the  used  channel.  In  other  words, 
if  the  red  chatmel  is  used  and  lOR  is  terminated  with  a  doubly- 
terminated  75  fl  load  (37.5  CI),  lOB  and  I06  iheaWbe  tranu' 
nated  with  37.5  fl  resistors.  See  Figure  6.      '  J  ''  '  '''     ■  "  • 


ADV7121/ADV7122  ^ 


Figure  6.  Input  9i>0  #SiBt  Connections  for  Stand-AMe 
Gray  Scale  or  Cpmposffe  Video 


The  ADV7121/ADV7122  is  specified  to  drive  transmission  line 
loads,  which  is  what  most  monitors  are  rated  as.  The  analog 
output  coiifiguratioos  to  drive  such  loads  are  described  in  the 
Analog  Interface  section  and  illustrated  in  Figure  5.  However, 
in  some  applications  it  may  be  required  to  drive  long  "transmis- 
sion line"  cable  lengths.  Gable  lengths  greater  than  10  meters 
can  attentiate' arid  distort-' b%ll'A!equency  anafog  output  pulses, 
'nie  incltisidn  of  dutput  biiifers  will  comjtensate-for  some  Cable 
distoitipa.iBufreFS  ndth  large  full  power  bandwidths  and  gains 
between  2ipid4  will  be  required.  These  buffers  will  also  need 
to  be  able  to  supply  sufficient  current  over  the  complete  output 
voltage  swing.  Analog  Devi^produces  a  range  of  suitable  op 
amps  for  such  applications.  These  include  the  AD84x  series  of 
monolithic  op  amps.  In  very  high  frequency  applications  (SO 
MHz),  the  AD9617  is  recommended.  More  information  on  line 
driver  buffering  circuits  is  given  in  the  relevant  op  amp  data 
sheets. 

Use  of  buffer  ampUfiers  also  allows  implementation  of  other 
video  standards  besides  RS-343A  and  RS-170.  Altering  the;gain 
(;ompon$iits  oC  ^.bu^Eec.circuit  will  result  in.^y  desii-ed  vidsQ 
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Figure  7.  AD848  As  an  Output  Buffer 


PC  Board  Layout  Considerations 

The  ADV7121/ADV7122  is  optimally  designed  for  lowest  noise 
performance,  both  radiated  and  conducted  noise.  To  comple- 
ment the  excellent  noise  performance  of  the  ADV7121/ 
ADV7122  it  is  imperative  that  great  care  be  given  to  the  PC 
board  layout.  Figure  8  shows  a  reconmiended  connection  dia- 
gram for  the  ADV7121/ADV7122. 

The  layout  should  be  optimized  for  lowest  noise  on  the 
ADV7121/ADV7122  power  and  ground  lines.  This  can  be 
achieved  by  shielding  the  digital  inputs  and  providing  good 
decoupling.  The  lead  length  between  groups  of  V^^  and  GND 
pins  should  by  minimized  so  as  to  minimize  inductive  ringing. 

Ground  FUnes 

The  ADV7121/ADV7122  and  associated  analog  circuitry,  should 
have  a  separate  groimd  plane  referred  to  as  the  analog  groimd 
pltme.  "nh  ground  j^aas  abould  connect  to  the  regular  PCB 
Mwr.. 


ground  plane  at  a  single  point  through  a  fertile  bead,  as  illus- 
trated in  Figure  8.  This  bead  should  be  located  as  close  as  possi- 
ble (within  3  inches)  to  the  ADV7121/ADV7122. 

The  analog  ground  plane  should  encompass  all  ADV7121/ 
ADV7122  ground  pins,  voltage  reference  circuitry,  poJS'er  sup- 
ply bypass  circuitry,  the  a^alipg  output  traces  and  any  output 
amplifim. '  "  j> 

The  regular  PCB  ground  plane  area  should  encompass  all  the 
digital  signal  traces,  excluding  the  groimd  pins,  leading  up  to 
the  ADV7121/ADV7122. 

Power  Planes 

The  PC  board  layout  should  have  two  distinct  power  planes,  one 
for  analog  circuitry  and  one  for  digital  circuitry.  The  analog 
power  plane  should  encompass  the  ADV7I21/ADV7122  (V^a) 
and  all  associated  analog  circuitry.  This  power  plane  shotild  be 
conneaed  to  the  re^lar  PCB  power  plane  ^Vj^  at;a 
point  through  a  ferrite  bead,  as  illustrated  iti'^Jg^^C^liS 
b^d  should  be  located  withitt  three  inches  eCtte. 
ADV7121/ADV7im'  ..U  Sr-.w         u  «,ujjn 
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on  the  PC  board,  and  the  analog  power  plane  should  provide 
power  to  all  ADV7121/ADV7122  power  pins,  voltage  reference 
circuitry  and  any  output  amplifiers. 

The  PCB  power  and  ground  planes  should  not  overlay  portions 
of  the  analog  power  plane.  Keeping  the  PCB  power  and  ground 
planes  from  overlaying  the  analog  power  plane  will  contribute  to 
a  reduction  in  plane-to-plane  noise  couphng. 

Snppfy  Decooidiiig 

Noise  on  the  analog  power  plane  can  be  further  reduced  by  the 
use  of  multiple  decoupling  a^ncitors  (see  Fig^  8). 

Optiiiinni  paformance  is  adiieved  by  the  use  of  O-lfiF  ceramic 
eapactots.  Each  al  die  two  groups  of  V^a  should  be  individu- 
al^ decoupled  to  ground.  This  should  be  done  by  placing  the 
capootMs  as  dose  as  possible  to  the  device  with  the  capacitor 
leads  as  short  as  possible,  thus  minimizing  lead  induconce. 

It  is  important  to  note  that  while  the  ADV7121/APV7I22 
contains  circuitry  to  reject  power  supjdy  noise,  diis  rejection 
decreases  with  fcequencgr.  If  a  high  frequency  switdung  power 
supply  is  used,  die  designer  diould  pay  close  attention  to  reduc- 
ing jiower  supply  noise.  A  dc  power  supply  filt^  (Muiata 
BNXQ02>  will  provide  ElMI  suppression  betweai  die  svritching 
power  mpfiy  and  the  nuun  PCB.  Altematfvely,  isnisideration 
coidd  be  given  to  using  a  three  terminal  voltage  regulator. 


The  digital  signal  lines  to  the  ADV7121/ADV7122  should  be 
isolated  as  much  as  possible  from  the  analog  outputs  and  other 
analog  circuitry.  Digital  signal  lines  should  not  overlay  the  ana- 
log power  plane. 

Due  to  the  high  clock  rates  used,  long  clock  lines  tia  the 
ADV7121/ADV7122  should  be  avoided  so  as  to  minimize  noise 

pickup. 

Any  active  pull-up  termination  resistors  for  the  digital  inputs 
should  be  connected  to  the  regular  PCB  power  plane  (Vqc)j  and 
not  the  analog  power  plane. 

Analog  Signal  lateicoimect 

The  ADV7121/ADV7122  should  be  located  as  close  as  possible 
to  the  output  coimectors  thus  minimizing  noise  pickup  and 
reflections  due  to  impedance  mismatch. 

The  video  output  signals  should  overlay  the  ground  plane,  and 
not  the  analog  power  plane,  thereby  maximizing  the  high  fre- 
quency power  supply  rejection. 

For  optimum  performance,  the  analog  outputs  should  each  have 
a  source  termination  resistance  to  ground  of  75  !!  (doubly  termi- 
nated 75  n  configuration).  This  termination  resistance  should  be 
as  close  as  possible  to  the  ADV7121/ADV7122  so  as  to  minimize 
reflections. 

Additional  information  on  PCB  design  is  available  in  an  applica- 
tion note  entitled  "Design  and  Layout  of  a  Video  Graphics  Sys- 
tem for  Reduced  EMI."  This  application  note  is  available  from 
Analog  Devices,  publication  no.  E1309-15-10/S9. 


L1  (FERRITE  BEAD) 
■H      )         T         ♦SV  IVcc) 


-L  CI 
■  33liF 


L2  (FERRITE  BEAD) 


VIDEO 
CONTROL 
INPUTS 


SYNC  and  BLANK  functions  are  not  provided  on  the  ADV7121. 


COMPONENT 

DESCniPTION 

VENDOR  PART  NUMBER 

CI 

33mF  TANTALUM  CAPACITOR 

C2 

iomF  tantalum 

C3,  C4,  C5,C6 

O.I^F  CERAMIC  CAPACITOR 

LI.  L2 

FERRITE  BEAD 

FAIR-RITE  274300111  OR  MURATA  BL01/02m 

R1,  R2,  R3 

75U  1%  METAL  FILM  RESISTOR 

DALE  CMF-55C 

RacT 

SeOU  1%  METAL  FILM  RESISTER 

DALE  CMF-5SC 

Z1 

1.^V  VOLTAGE  REFERENCE 

ANALOG  DEVICES  ADS89JH 

REV.  A 


Figure  8.  ADV7121/ADV7122  Typical  Connection  Diagram  and  Component  List 
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ANALOG 
DEVICES 


CMOS  Ef  ntinuous  Edge  Graphics 
RAM-DACs  (CEG/DACs) 


ADV7141/ADV7146/ADy7148' 


FEATURES 

Dejagging  of  Una*!  Are*,  CirdM,  Fonts,  arte. 
Effe^ive  24-Efft  f  rua  Color  Performance 

Dynamic  Palette  Load  (DPL)  Function 
Plug-In  Upgrade  for  Standard  VGA  RAM-DACs 

ADV478/ADV471,  ADV476  (APV*)  &  Inmos  171/176t 
Fully  PS/2t,  VGAt  and  SSUttii  Cein^tiMa 
66  MHz  Pipelined  Operation 
Triple  8-Bit/6-Bit  D/A  Converters 
256  X  24  (18)  Color  Palette  RAM 
On-Board  Gamma-Correction  I 
On-Board  Antisparkle  Circuit 
RS-343A/RS-170  Compatible  Outputs 
External  Voltage  or  Current  Reference 
Standard  MPU  Interface 
-t-5  V  CMOS  Monolithic  Construction 
APPLICATIONS 

High  Resolution  Color  Graphics  ■  l, 

True  Color  Graphics 

Digital  Typography  (Smooth:  Fonts) 

Scientific  Visualization 

3-D  Solids  Modeling 

CAE/CAD/CAM  ApplicatipDS 

Image  Processing  ■.  r 

Instrumentation 

Desktop  Publishing  / 

AVAILABLE  CLOCK  RATES  ' 
66  MHz 
50  MHz 
35  MHz 

GENERAL  mmitiimm 

The  Analog  Devices'  Continuous  Edge  Graphicsf  RAM-DAG  ' 
(CEGf/DAC)  dramatically  improves  image  quality  of  standard 
anak^  color  systems,  Ifflnfliminatiitg.the  jagged  edges  of  com- 
puter generated  images  (antkliaang)  and  1!^  pamiiog'ta  ■ 
extended  color  palette  for  3D  modeling.  This  increase  ptarfor- 
mance  is  acMeved  while  at  die  sue  time  maiiinrining  filtl  pin 
and  fimctional  compatibilitjriviA'iexisting  video  RAM-DACs 
and  color  palettes  used  in'  VGA'  graces  systems. 
The  CEG/DAC  implements' f^njj^tijaiy  antialiasing  or 
"deja^ing"  fimction.  This  u.used.to.'snia^  the  jagged  edges 
assodsted  with  lines,  circles  and  other  noflrectangular  objects 
c&splayed  on  a  legular  CRT  screen.  The  pan  dso  allows  tac  die 
effective  display  of  24-bit  true  color  images  on  a  standbd  8-bit 
system,  without  the  requirement  of  increased  memory.  More 
than  740,000  colors  can  be  simultaneously  displayed  on  an 
8-bit/pixel  system  as  against  the  256  colors  normally  associated 
with  8-bit/pixel  systems.  This  is  achieved  by  a  combination  of 
the  antialiasing  fimction  and  a  unique  dynamic  palette  load 


FUNCTIONAL  BLOCK  DIAGRAM 


n         avHL;    BLANK  CLOCK 

A-  1   t  i 


(DPL)  feature.  DPL  allows  for  color  palette  writes  (c^or  alter- 
ations) during  a  single  frame  image. 

The  CEG/DAC  combines  a  color  lookup  table  (CLtfl^,  tjusee 
matched  video  speed  computational  units  and  associated  control 
logic  as  well  as  three  digital-to-analog  converters  (DACs).  These 
all  combine  to  significantly  enhance  the  video  image  display 
quality  of  sismdtanl  8-Ut/pixel  graphics  systems. 
The  ADV7148  and  ADV7141  are  pin  and  &nctioiial  cenpi^le 
with  the  ADV478  and  ADV471,  with  the  CTceptiQn  th«  l|i 
ADV7148  and  the  ADV7141  do  not  contain  the  overlay  pdette. 
The  ADV7146  is  pin  and  functional  compatible  i^tb  &e 
ADV47$  and  the  Inmos  IMSG171/176. 
CEG  reqtiires  xmo  dosety  (^o^ted  comi»^ts^te  C8G/ 
DAC  chip  and  the  softwtfe  Mvet.  G(mv^!sif)id  an^jjai^^ 
schemes  are  implemented  entirely  in  sofhwe  and  operate  on 
the  pixel  data  in  the  graphics  pipeline,  resulting  in  a  significant 
speed  performance  penalty.  In  contrast,  the  CEG  software 
driver  takes  application  software  information  and  encodes  the 
frame  buffer  with  a  sequence  of  data  and  commands  for  the 
CEG/DAC.  The  CEG/DAC  hardware  performs  aU  of  the  anti- 
aliasing calculations.  In  this  way,  the  visual  benefits  of.anlir 
aliased  graphics  atie  provided  widi  a  minimal  increase  xn 
softwwe  ove^Md.  >  'j 

•Protected  by  U.S.  Patent  Nos.  4,482,893  and  4,704,605. 
flnmos  is  a  trademark  of  Inmos  Ltd. 

Personal  System/2,  VGA  and  8514/A  are  trademarks  of  International 
BosiiieM  Machines  Corp. 

Edsim  Continuous  Edge  Graphics  and  CEG  are  registered  trademarks  of 
Edsun  Laboratories,  Inc. 
ADV  is  a  registered  trademark  of  Analog  Devices',- Im;. 
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STATHSPERFORAta^IC^  *  f  €1/11  ^ 
;  RfisoladonCEach  DAC) '  vr  1  Iw*-* 

■  ''■  i  \ 

Bits 

'•  Accuracy  (Each  DAC)  ' 
Integral  Nonlinearity'     )Oja  .lA 
Differential  Nonlineatity 
Gray  Scah;  SMr 
Coding                                  [2  - 

±1  (±1/2) 

±1 

±5 

LSB  max 
LSB  max 
%  Gray  Scaje^ 
Binary 

Guaranteed  Monotonic 

DIGITAL  INPUTS                '    1  ~ 
Input  High  Voltage,  Vj^h 
Input  Low  Voltage,  Vj^l 
Input  Current,  Ij^, 
Input  Capacitance,  Cm 

2 

0.8 
±1 

7  4 

V  min 

V  max 
\iA  max 
pFmax 

ViN  =  0.4  V  or  2.4  V 
f  =  1  MHz,  ViN  =  2.4  V 

DIGITAL  OUTPUTS 

Output  High  Voltage,  Vqh 
Output  Low  Voltage,  Vql 
HoUiiig-State  Leakage  Current 
Floating-State  Leakage  Capacitance 

i 

2.4 
0.4 
50 

7 

V  min 

V  max 
fiA  max 
pF  max 

^SOURCE  — 

IsiNK  =  3.2  mA 

ANALOG  OUTPUTS 
Gray  Scale  Current  Range 
Output  Current 
White  Level  Relative  to  Blank/Black 
White  Level  Relative  to  Black'' 
'  Black  Level  Relative  to  Blank^ 
(Pedestal  =  7.5  IRE) 
Black  Level  Relative  to  Blank 

(Pedestal  =  0  IRE) 
Blank  Level* 

(Sync  Enabled) 
Blank  Level 

(Sync  Disabled) 
Sync  Level* 

LSB  size 

PAC  to  DAC  Matching 
Output  Compliance,  Vqc 
OutiHit  Impedance,  Rout 
Oul^Mxt  Capacitance,  Cq^j^ 

20 

17.4/20.40 
16.5/18.50 

0.95   ' 

1.90 

0 

50 

6.29 

8.% 

0 

50 

0 

50 

69.1 

5 

0/+1.5 
10 

an 

mA  max 

mA  min/mA  max 

mA  min/mA  max 

mA  min 

mA  max 

(jiA  min 

\iA  max 

mA  min 

mA  max 

jiA  min 

fxA  max 

(iA  min 

(jlA  max 

(xA  typ 

%  max 

V  min/V  max 

kn  typ 

pF  max 

16  -"lis" 

typically  19.05  mA 
TypicaUy  17.62  mA,  SETUP  =  V^a 
mA,  SETUP  =  V^a 

.pJVpically  5  iiA.  SETUP  =  GNr^ 

Typically  7.62  mA 
Typically  5  p.A 
Typically  5  |iA 

Typically  2% 

VOLTAGE  REFERENCE 
Voltage  Reference  Range 
Input  Current,  Ivref 

1.14/1.26 
in 

lU 

V  nin/V  max  - 

(iA  typ 

ADV7m*-l^iiB!m«)iUy  >... 

CURRENT  REFERENCE 
Input  Current  (Iref)  Kangc 
Voltage  at  1^^^ 

-3/- 10 
Vcc  -  3Wcc 

mA  min/mA  max 
V  min/max 

POWER  SUPPLY 
Supply  Voltage,  V^a 

Supply  Current,  1^^^ 

Power  Supply  Rejection  Ratio 

4.75/5.25 
4.50/5.50 
350 
0.5 

V  min/V'max 

V  min/V  max 
mA  max 
%/%  max 

66  MHz  Parts 

50  &  35  MHz  Parts 

Typically  200  mA 

f  =  1  kHz,  COMP  =  0.1  n,F 

DYNAMIC  PERFORMANCE 
Clock  and  Data  Feedthrough^'  ' 
Glitch  Impulse^'  * 
DAC  to  DAC  Crosstalk' 

-30 

75 

-23 

dB  typ 
pV  sees  typ 
dB  typ 

NOTES 

'i5%  for  66  MHz  parts;  ±  10%  for  50  MHz  &  35  MHz  pMts. 
^Tempeianire  range  (T„,„  to  T„„):  0  to  +70°C. 
'Tested  to  8-bit  linearity  (tested  to  6-bit  linearity,  ADV7146  only). 
■'ADV7141  and  ADV7148  only. 

^Clock  and  data  feedthrough  is  a  function  of  the  amount  of  overshoot  and  undershoot  on  the  digital  inputs.  Glitch  impulse  includes  clock  and  data  feedt&iough. 
^TTL  input  values  are  Oto  3  volts,  with  input  rise/fall  times  ^3  ns,  measured  at  the  10%  and  90%  points.  Timing  reference  points  at  50%  fi)rins>uts  andooQmls. 
'DAC  CO  DAC  arosstalk  is  measured  by  holding  one  DAC  high        cM  otber  vm,9K  making  low  to  high  and  high  to  low  transitioos. 
Specifiealioas  subiect  to  duBge  without  notice. 


TIMING  CHARACTERISTICS 


Rl  =  37.5  ft.  Cl  : 


10  pF; 


Rjp^  =  147  n.  All  Specifications  T^m  to  T^ 


unless  otherwise  noted.) 


00  jvinz 

35  MHz 

Vetsion 

Version 

 ^-fe — — 

Version 

Units 

Conditions/Comments 

Dp , 

•?v        _  _ 

35 

MHz 

r'inpir  Harp 

tl 

10 

10 

15 

ne  min 

RSfr-RSl  Setup  Time 

t2 

10 

10 

15 

nc  miTi 

llo  lUlll 

RSO-RSl  Hold  Time 

,  4 

2 

2 

2 

RF)  Ac^f>rTf>H  rn  OiitA  Rm  Driven 

,  4 

14: 

4n 
*tu 

40 

40  ' 

TIG  tuqv 

RF)  A««prtpH  tn  Dnfii  VnliH  1 

,5 
'5 

20 

20 

20 

RD  MpoatpH  rn  Data  RtK  ^-!%1>stml 

,  5 

5 

5 

5 

lYiin 

Rpfld  Dam  Hnid  Tilinp  ' 

v  ■ 

lA 

iu  - 

10 

15 

US  min 

V^rtt-p  Data  ^ntiin  Timp 
W  illC  Ji-rttia  >JCIU^  l.llilC 

'  15  ■ 

15 

15 

US  min 

Wrttp  Data  TfnlH  Ttmp 

50 

50 

ns  luin 

RD  WR  Pii1«p  Width  T^jiWk  i 

fi  V  t 

ft  •K  t 

TIC  m iti 

rT)  WR  PiiIsp  Wtdth  Hiirlir, 

<11 

4 

US  nun 

tl2  . 
tj4 

3 

3 

4 

lid  iiiiii 

Pixel  &  Control  Hold  Tictie 

15 

20 

28 

ns  min 

r^lnf't  (~^vr\f  Timp 

5 

5 

7 

min 
11^  xiim 

Clock  Pulse  Width  High  Time 

t,5 

5 

9 

11^  iiiiii 

rinrk  Puke  Width  I  nw  Tithft 

*16 

DU 

an 

ns  max 

Analog  Output  Delay 

tl7 

3 

3 

3 

ns  typ 

Analog  Output  Rise/Fall  Time 

h» 

13 

20 

28 

ns  max 

Analog  Output  Settling  Time 

■  -  2 

1  2 

2 

lis  max 

Analog  Output  Skew 

tpo 

Pipeline  Delay 

Coi^patibUity  Mode 

3  X  t,3 

3  X 

3  X 

ns  min 

CS6  Mode 

6  X 

6  X  t,3 

6  X 

ns  min 

NOTES 

'TTL  input  values  are  0  to  3  volts,  with  input  rise/fall  times  ^3  ns,  measured  between  the  10%  and  90%  points.  Timing  reference  points  at  50%  for  inpuu  and  outputs. 
Analog  output  load  <10  pF,  D0~D7  output  load  ^50  pF.  See  timing  notes  in  Figure  2. 
2±5%  for  66  MHz  parts;  ±10%  for  50  MHz  &  35  MHz  parts;  t,,  measured  at  V^a  =  5  V  for  66  l^gjEtpp^. 
^Temperature  Range  CT„i„  to         0  to +70°C. 

%  and  t4  we  measured  witii  the  load  circuit  of  Figure  3  and  defined  as  the  tune  required  for  an  output  to  cross  0.4  V  or  2.4  V. 

\  and  ^  9re  deiiv^  &om  the  measured  time  taken  fa(y>>t|)^c^  outputs  to  change  by  Ow5  V  when  loaded  with  the  circuit  of  Figure  i.  The  measur^  dumber  is  then  ex- 
inqwlated  bade  to  remove  the  effects  of  diai!gti%ihe):!^F  capacitor.  This  means      the  times,  tj  and  tg,  quoted  in  the  timing  chsucsctemtics  are  the  tme  values  for  the 
device  and  as  such  are  independent  of  external  bus  loacfing  capacitances, 

^SettUng  time  does  not  include  clock  and  data  feedthrouS^.  ,  .  '  >- 

Specifications  subject  to  change  without  noti%.         i  - 


'(/////////m 


Figi^re  1.  MPU  Read/Write  Timing^ 


Figured  Load  Cirouit  for  Bus  Access  and  Relki^LH^  Time. 


D(B(T*L  INPUTS 
(PC-  P7.  SYNC. 


Figur&  ^.  Wd^  tnput^&Mtpiat^^^ 


NOTES 

1.  OUTPUT  DELAY  MEASURED  FROM  THE  50%  POINT  OF  THE  RISING 
EDGE  OF  CLOCK  TO  THE  50%  POINT  OF  FULL  SCALE  TRANITION. 

2.  SETTUNO  TIME  MEASURED  FROM  THE  50%  POINT  OF  FULL  SCALE 
TRANSITION  TO  THE  OUTPUT  REMAINING  WITHIN  ±1  LSa , 

&  OUTPUT  RISOPftlSL  TIME  MEASURED  BETWEEN  THE  ' 
ANO<0%  POINTS  OF  FULL  6CAL£  TRANSITION. 
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ADV7141/ADV7146/ADV7148 
RECOMMENDED  OPERATING  CONDITIONS 


Parameter 

-  ;.akyiiiiNiL' 

. .  jniD 

*» 

Unas 

POWER  SUPPLY 
66  MHz  Pans           -.i,, i 
50,  35  MHz  Parts 

Va«v 

4.75 
4.5 

5.00 
5.00 

5.25 
5.5 

Volts 
Volts 

AMBIENT  OPERATING  TEAiPERATURE 

Ta 

0 

•c 

OUTPUT  LOAD 

Ri. 

37.5 

a 

VOLTAGE  REFERENCE  CONFIGURATION 
Voltage  Reference 

%m  ' 

U4 

1.235 

1.26 

Volts 

CURRENT  REFERENCE  CONFIGURATION 
Iref  CURRENT 
STANDARD  RS-343A 
PS/2  Compatible 

ham 

-3 
-3 

-8.39 
-8.88 

-10 
-10 

mA 
mA 

CAUTION  

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  foam 
should  be  discharged  to  the  destination  socket  before  devices  are  inserted. 


WARNING! 


ABSOLUTE  MAXIMUM  RATINGS 

Vaa  to  GND  -0.5  V  to  +7  V 

Voltage  on  Any  Digital  Pin  ...  .  GND  -0.5  V  to  Vaa  +  0.5  V 
Ambient  Operating  Temperature  (T^)  ......  -55°C  to  +125°C 

Storage  Temperature  (Ts)  -45°C  to  +  125°C 

Junction  Temperature  (Tj)  +175°C 

Lead  Temperature  (Soldering,  10  sees)  +  300°C 

Vapor  Phase  Soldering  (2  minutes)  +220°C 

ICR,  ICG,  lOB  to  GND'  0  V  to  V^a 

NOTES 

^Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
pennanent  damage  lo  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 

'Analog  ouQiut  short  circuit  to  any  power  supply  or  common  can  be  of  an 
indefittite  <itinwiflii. 

ORDEMNiir  GUIDE 


FIN  CONFIGURATIONS 
28-Piii  llIP  I 


Model' 

Speed 

1  

Resolution^ 

Package 
Option'-* 

ADV7146KN66 

66  MHz 

6-Bit 

N-28 

ADV7146KN50 

50  MHz 

6-Bit 

N-28 

ADV7146KN35 

35  MHz 

6-Bit 

N-28 

ADV7141KP66 

66  MHz 

6-Bit 

P-44A 

ADV7141KP50 

SO  MHz 

.  6-Bit 

P-44A 

ADV7141KP35 

35  MHz 

6-Bit 

P-44A 

ADV7148KP66 

66  MHz 

8-Bit/6-Bit 

P-44A  . 

ADV7148KP50 

50  MHz 

8-Bit/6-Bit 

P-44A 

ADV7148KP35 

35  MHz 

8-Bit/6rBit 

P-44A 

NOTES 

'All  devices  are  ^wcified  for  0°C  to  4-7<l°C  operation. 

^Refers  to  "Compatibility  Mode.**  In  "CEG  Aiode,"  restdatiQn  for  aU-options. 

is  8  bits. 

^28-pin  DIP  devices  are  packaged  in  28-pin  0.6"  plastic  dual-in-line  packages. 
44-pin  PLCC  devices  are  packaged  in  44-pin  plastic.  leil^|^,^r|^J|^^^]^ 
carriers. 

••N  =  Plastic  DIP;  P  =  Plastic  Leaded  Chip  Gainer  <^ 
information  see  Package  Information  section. 
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ADV7141/ADV7146/ADV7148 


PIN  FUNCTION  DESCRIPTION 


Pin 


FmietiaD  - 


SETUP 


SYNC 

CLOCK 
P0-P7^ 

ICR,  ICG, 
Jref 


lOB 


COM? 


CPA 

Vaa 

GND 

WR 

RD 

RSO,  RSI 
P0-D7 

m 


CEGDIS 


Oimpo^te  bls^  control  input  (TTL  compatible).  A  Logic  0  drives  the  analog  outputs  to  the  blanking  level.  It  is  ' 
latched  on  the  rising  edge  of  CLOCK.  When  BLANK  is  a  logical  zero,  the  pixel  and  overlay  inputs  are  ignored. 
Setup  control  input.  Used  to  specify  either  a  0  IRE  (SETUP  =  GND)  or  7.5  IRE  (SETUP  =  V^a)  blanking  pedestal 
(ADV7141/ADV714g  only). 

Composite  sync  control  input  (TTL  compatibie).  A  logical  zero  on  this  input  switches  off  a  40  IRE  current  source  on 
the  analog  outputs.  SYNC  does  not  override  any  other  control  or  data  input,  therefore  it  should  be  assensd  onljr  {during 
the  blanking  interval.  It  is  latched  on  the  rising  edge  of  CLOCK  (ADV7141/ADV7148  only). 

Clock  input  (TTL  compatible).  The  rising  edge  of  CLOCK  latches  the  P0-P7,  SYNC,  and  BLANK  inputs.  It  is  typi- 
cally the  pixel  clock  rate  of  the  video  system.  It  is  recommended  that  CLOCK  be  driven  by  a  dedicated  TTL  buffer. 
Pixel  select  inputs  (TTL  compatible).  These  inputs  specify,  on  a  pixel  basis,  which  one  of  the  256  entries  in  the  color 
palette  RAM  is  to  be  used  to  provide  color  information.  They  are  latched  on  the  rising  edge  of  CLOCK.  PO  is  the  LSB. 
Unused  inputs  should  be  connected  to  GND. 

Red,  green,  and  blue  cutrmt  outputs.  These  high  impedance  current  souiees  are  capable  of  directly  driving  a  doi^bly 
terminated  75  fl  coaxal  cable.        1,^ ' 

Curqent  Refeiaice  input  (Current  Reference  «i»ij^|^^|ag|g^^r^Gt^  a^ist  control  (Voltage  Heteence  configuration). 
When  usiiHl  an  external -Toltage  ieferencei  s  ee^orl^Els^)  eomjected  between  tlss  ^  imd  6ND  controls  the  mag- 
,  T^i^aj^  of     iillr«caIe'n3eo'^laL  The  ie>adiHislii|  bei«e4i  Rset  '"^  the  fiill'-scidis  ouqittt  current  on  each  output  is: 

'  '  K  is  defined  in  the  table  below,  along  with  corresponding  Rset  values  for  doubly  terminated  75  il  loads. 

When  using  an  external  current  reference,  the  relationship  between  Ik£p  and  the  full-scale  output  current  on  each 


MDdc' 

Pedestal 

K 

Rsrr(n)* 

"7.5  IRE 

'TITO  - 

-  ■  147 

8-%  ' 

7.5  KE 

3.195 

'  147 

OIRE 

3.000 

147 

■••g-flit  • 

OIRE 

3.025 

147 

*F(K  PS/2  apfiKiatiens  (i.e.,'0.7  V  imo  SO  n  wMi  no  SYNC), 
a  182  fi  RsCT  resisted  is  recranmended. 

Compensation  pin.  If  an  external  volti^e  reference  is  used,  this  pin  should  be  connected  to  OPA.  If  an  external  current 
reference  is  used,  this  pin  should  be  connected  to  Iref-  A  0. 1  fiF  ceramic  capacitor  must  always  be  used  to  bypass  this 

pin  to  Vaa  (ADV7141/ADV7148  only). 

Voltage  reference  input.  If  an  external  voltage  reference  is  used,  it  must  supply  this  input  with  a  1 .2  V  (typical)  refer- 
ence. If  gn  external  cunent  reference  is  used,  this  pin  should  be  left  floating,  except  for  the  bypass  capacitor.  A  0.1  (iF 
ceramic  capacitor  must  always  be  used  to  decouple  this  input  to  V^a  (ADV7141/ADV7148  only). 
Reference  amplifier  output.  If  an  external  voltage  reference  is  used,  this  pin  must  be  connected  to  COMP.  When  using 
an  external  current  reference,  this  pin  should  be  left  floating  (ADV7141/ADV7148  only). 
Analog  power.  All  Vaa  P'ns  must  be  connected. 
Analog  ground.  All  GND  pins  must  be  connected. 

Write  control  input  (TTL  compatible).  D0-D7  data  is  latdied  on  the  rising  edge  of  WR,  and  RSO-RSl  are  latched  on 

the  falling  edge  of  WR  during  MPU  write  operations. 

Read  control  input  (TTL  compatible).  To  read  data  from  the  device,  RD  must  be  a  logical  zero.  RSO-RSl  are  latched 
on  the  faUing  edge  of  RD  during  MPU  read  operations. 

Register  sdect  inputs  (TTL  compatiUe).  RSO-RSl  qjediy  the  type  of  read  or  write  operation  being  poformed. 
Data  bus  (TTL  compatible).  Data  is  transferred  into  and  out  of  the  device  over  this  8-bit  bidirectioiul  data  bus.  DO  is 
die  least  agnificant  bit. 

8-bit/6-bit  select  input  (TTL  compatible).  This  input  specifies  whether  the  MPU  is  reading  and  writing  8  bits  (logical 
one)  or  6  bits  (logical  zero)  of  color  information  each  cycle.  For  8-bit  operation,  D7  is  the  most  significant  bit  (MSB) 
while  for  6-bit  operation,  DS  is  the  MSB.  D6  and  D7  are  ignored  during  6-bit  operation.  All  parts  operate  in  8-bit 
mat  while  in  CEG  mode.  6-Bit  operation  is  the  de&ult  VGA  mode  on  the  ADV7146  and  ADV7141.  The  8^  Ui  mnst  be 
set  to  Logical  0  on  the  ADV7148  to  make  it  VGA  conqntible.  U  left  imcottnected,  this  pin  reraaiiB  in  a  low  state. 
CEG  disaUe  (TTL  compatible).  Drivmg  diis  fin  active  high  disables  all  CEG  fiinctions.  Software  will  detect  a  non-CEG 
device  if  this  pin  is  high  (ADV7141/ADV7148  only).  If  left  unconnected,  this  pin  remains  in  a  low  state. 
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mmiMllBjftieWil:.  ■    i}r'l    :v.f.i-,.-  :■  '    :  ^ 

The  level  aq^KucttjasiiteS^SffiMii^tenDttesideo  pcntioi) 
of  the  wivitfoim.  Usu^y  tefened  to  as  the  j&oat  porch  or  back 
porch.  At  0  IRE  units,  it  is  the       «jiidt«at  ahnt  <tf  the 
tiue  tube,  resulting  in  the  blackest  possible  picture. 

Color  Video  (RGB)*"  ^" 

This  usually  refers         Kii^^^e     epmbining  the  three  pri- 
na^  ail!tds's)tTiti}'gMceWii^ffiiiai^^  Iisctures 
withm%£'^^b[«a:^.'tn  K6B  ^Ui^. 

would  be  required,  one  for  each  color. 

Composite  Sync  Signal  (SYNC)  '       '  -  ' 

The  position  of  the  composite  video  signal  ^hu^.  synchronizes 

the  scanning  process. 

Composite  Video  Signal 

The  video  signal  with  or  without  setup,  plus  the  composite 
SYNC  signal. 

T^  aiMsSi^lfed'i  6f  video  signal  between  Reference  Black  and 
Reference  White  levels.  An  S-bit  DAC  contains  2!^6  different 
levels  while  a  6-bit  DAC  contains  64. 

The  most  basic  method  of  sweeping  a  CRT  one  line  at  a  time  to 
generate  and  display  images... 

Reference  Black  Level 

The  maximum  negative  polarity  ampUtude  of  the  video  signal. 
Reference  White  Level 

The  ii«iiH^-^ml^<^eiiUf{lf  1d^teide'€r'tf^  agnal. 
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'  ■  ^Figurd  4.  An  Edge  Crossing  Sean  Line 

able  coi<KS  without  altering  the  contents  of  the  standard  .256 
color  look-iip-table. 


Figure  4  shows  aa  enlargement  of  an  object  edge,  with  eadi 
square  representing  a  soreen  pixel.  An  object  is  drawn  in  C^floi  .< 
2  on  a  background  of  Color  1— the  actual  colors  are  detomined 

by  the  contents  of  the  GLUT. 

Without  CEG,  pixels  labelled  "A"  through  "E"  will  be  displayed 
as  Color  1  (Figure  5).  Pixels  are  defined  as  Color  2  when  more  > 
than  50%  of  the  pixel  is  defined  by  that  color,  as  shown 
in  pixels  "F"  through  "J."  CEG  blends  colors  to  more  closely 
approximate  the  intended  color  boundary  as  shown  in  Figure  6. 


Tlie  dilEfacence  between  the  ti^eience'bia^'ltev^aad  the  blank- 
ing levdl,,  .     •  ,)  >  ,  / 

Sync  Level  .i  •■  u    ^  - 

The  peak  level  of  the  composite  SYNC  S%ltal.  ' ' 

Video  Signal 

That  portion  of  the  composite  video  signal  which  varies  in  gray 
scale  levels  between  Reference  White  and  Reference  Black.  Also 
referred  to  as  the  picture  signal,  this  is  die  portion  which  may 

be  visually  observed. 

ANTIALIASING 

Antialiasing  is  a  technique  used  to  smooth  the  jagged  edges  asso- 
ciated with  lines,  circles,  and  other  nonrectangular  objects  repre- 
sented on  a  CRT  screen.  Without  antialiasing,  each  pixel  (picture 
element)  on  a  CRT  is  either  "on"  or  "off."  If  the  edge  of  a  smooth 
shape  passes  through  a  pixel,  the  software  is  forced  to  approxi- 
mate the  edge  as  best  it  can  (i.e.,  the  pixel  is  "on"  if  more  than 
half  of  the  pixel  is  covered  by  the  object).  Even  when  a  large 
number  of  pixels  are  used  to  represent  an  object,  the  eye  quickly 
detects  the  series  of  "on"  and  "off  dots  along  the  picture  edge. 
CEG  achieves  antialiasing  by  allowing  the  software  to  choose  nrt  w  ^ 
only  the  discrete  palette  colors,  but  also  a  linear  mix  of  those  * 
colors.  For  example,  if  only  1/3  of  the  pixel  is  covered  by  an  : 
object,  the  pixel  would  be  displayed  in  the  ratio  of  33:67  be- 
tween the  object  color  and  the  background  color.  The  eye 
perceives  the  new  boundary  as  a  completely  smooth  edge.  The 
software  driver  defines  the  value  of  every  pixel  on  a'tiiaiK  - 
boundary,  thereby  dramatically  increasing  the  perceived  resolu- 
doo  of  any  computer  dii^>lay.  By  mixing  colors  in  real  time,  the 
CEG/DAC  can  generate  np  to  800,000  simultaneously  display- 
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Figure  6.  Dejagging  or  Antialiasing  Using  CEG 
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FUNCTIONAL  DESCRIPTION 

CEG  uses  two  data  ports,  a  pixel  port  and  an  MPU  data  port. 
Three  analog  signals  are  produced  which  can  directly  drive  the 
red,  green,  and  blue  inputs  of  a  standard  analog  display  moni- 
tor. The  CEG/DAC  consists  of  four  major  blocks:  CEG  logic, 
three  8-bit  DACs,  2S6  x  24  lookup  uble  RAM,  and  MPU 
coniiol. 

Hie  CEG/DAC  is  a  real-time  signal  processor  which  interprets 
data  in  the  frame  bu£fer  as  either  colors,  mix  commands,  or 
both.  CEG  uses  a  special  sequence  of  lookup  table  accesses  to 
enable  and  disable  the  CEG  logic.  The  nonCEG  mode  allows 
full  backward  compatibility  with  current  video  palette  products. 
The  circuit  is  powered-up  in  nonCEG  mode.  CEG-aware  soft- 
ware activates  C£G  modes  and  provides  the  advantages  of  alias- 
free  images. 

In  nonCEG  systems  and  software  applications,  the  CEG/DAC 
bdaves  identical  to  normal  palette  DACs,  providing  complete 
physicd  and  fiinctiostal  compat9si]ity  with  all  VGA  compatible 
PCs.  The  CEG/DAC  is  available  in  packages  conitkuible  with 
the  most  popular  palette  DACs,  including  ADV471,  ADV476, 
and  ADV478  devires. 

AlFU  ttata  Port 

The  MPU  data  port  alloM  the  system  processor  to  access  the 
color  palette  address  regiiter,  oolar  palette  RAM  aiid'jnSel  niapsk 
registet.  Register  adeiction  i»  iifaiitical  to  die  aMariatechBiOnh  :  ' 
CEG,  VGA  conqntible  parts. 

If  the  CEG  device  is  operating  in  8-bit  mode,  all  8  bits  of  the 
lookup  table  color  data  register  are  tignificant:  In  64it  modest 
lookup'i^le'colitf  dika  idioaM  be  written  and  riad  tk<^  i^  ' 
justified  to/from>DS-DO.  During  readback,  in  6-bit  modes,  D6 
and  D7  are  forced  to  Logic  0. 

Pixel  Port 

Pixel  information  is  latched  into  the  CEG/DAC  via  the  pixel 
port.  For  each  clock  cycle,  the  state  of  the  P7-P0,  BLANK  and 
SYNC  define  the  state  of  the  DAC  outputs. 
Pixel  port  inputs  are  logically  "AND"ed  with  the  contents  of  the 
pixel  mask  register,  for  simple  animation  applications.  The  pixel 
mask  register  is  accessed  via  the  MPU  interface.  In  general,  the 
pixel  mask  register  should  be  set  to  FFH  for  any  of  the  CEG 
modes.  See  Appendix  A  for  sample  code  to  access  the  pixel 
mask  register. 

Two  selectable  features  in  CEG  mode  are  "partial  shading"  and 
"pixel  replication."  Certain  video  controllers  repeat  each  pixel 
twice  in  low  resolution  modes.  In  theaiMgn^j  tiie^piKl4ata  is 
sampled  every  other  CLOCK. 


Systems  which  use  only  4  bits  per  pixel  should  be  connected  to 
P3-P0,  tying  P7-P4  to  ground.  This  type  of  system  must  use 
the  "partial  shading"  Advanced-4  Method,  which  allows  8  colors ' 
(0-7)  and  8  mix  commands  (8-15)  in  increments  of  12%. 

CEG  PROGRAMMING  BASICS 
CEG  Computation 

When  CEG  is  active,  the  CEG/DAC  computes  a  real  time 
weighted  average  on  each  of  the  primary  colors  which  are  read 
out  of  the  palette  RAM.  This  calculatian,  as  represented  by  the,.^,: 
generalized,4ipfp|]|i  of.^igB^  %  'v^!^gt^gfs$,^  thi:  fq)]o:^uag,  , 
equation:  .,'     '  • 

Pitc  =  [(Color  B  X  Mix)  +  [Color 'A  x  (31r4fi*)  -(-16B,131.,  . 

where:   P^c  =  mixed  coKSr.  » 

Or  alternatively,  it  can  be  described  by: 

Mixed  color  =  (ratio  of  previous  color  x  previous  color)  + 
(ratio  of  new  color  x  new  color) 

The  mixed  colors,  one  mixed  color  each  for  red,  green  and  blue 
are  then  input  to  a  gamma  correction  circuit.  The  output  of  this 
circuit  drive  each  of  the  three  RGB-DACs. 

CEG  MODES 

Aldmigh  there  is  one  algorithm  in  the  CEG/DAC,  tftoe  are' 
diftse-wK^  ctftiDi^d^iiig  the  pisds  in  die  frame  buffer,  ^i^^  '' 
the  Basic-8,  AdTanced-4  and  Advmice^aiedHd^.  Theie  Mb 
described  as  follows:  >  :  )  r  .  /■  ■ 

Basiii>V9''  '--Mji  16'dibwlBgtOlor8  tnA  8' mixes  plus  explicit 
loading  of  new  or  old  color  (suitable  for  CAD 
type  applications  where  few  colors  are  needed). 

Advanced-4      8  drawing  colors  with  8-mix  shading  (suitable  for 
antiahasing  in  4-bits/pixel  systems). 

Ailvaiiccd-8     223  drawing  colors  with  fiill  32-mix  shading 

(suitable  for  3-D  aoGd  wwiWing  and  tate^^fiot  .  - 
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CIRCUIT  DESCRIPTION 
MPU  Interface 

As  illustrated  in  the  fiiiictioiial  block  diagram,  tiie"j£pV7141/ 
ADV7146/ADV714g  sui^rts  a  standard  MPU  bus  interface, 
allowing  the  MPU  direct  access  to  the  color  palette  RAM,  pixel 
mask  register  and  address  register. 

The  RSO-RSl  select  inputs  specify  whether  the  MPU  is  access- 
ing die  address  register,  color  palette  RAM,  or  pixel  mask  regis- 
ter, as  iUiistrat^  in  Table  I.  The  8-bit  address  register  is  used 
to  address  the  color  palette  RAM. 

Table  I.  Ccmtnrf  Input  Tindi  Table 


RSI 

RSO 

Addressed  br  MPU 

0 
1 
0 

1 

0 

1 
1 

0 

Address  Register  (RAM  Write  Mode) 
Address  Register  (RAM  Read  Mode) 
Color  Patette  RAM 
Pixd  Bkal  'Mask  Register 

To  write  color  data,  the  Mf U  writes  t)ie  address  register  wifh. 
the  address  of  the  color  pakne  RAM  locstian  tO:  be  modified. 
The  MPU  performs  three  successiie  uraitenisia^  XS  o^:6  biti 
each  of  red,  green  and  blue).  During  the  blue  write  cycle,  the  ' 
three  bytes  of  color  information  are  concatenated  into  a  24-bit 
word  (18-bit  word  for  VGA  backward  compatible  data).  This 
color  value  is  then  written  to  the  location  in  the  palette  RAM 
pointed  to  by  the  address  register.  The  address  renter  then 
increments  and  points  to  the  next  palette  RAM  locatkm  v^ch 
the  MPU  may  modify  by  simply  writing  another  sequence  of 
red,  green  and  blue  data.  See  Appendix  A  for  sample  code  to 
write  to  the  palette. 

To  tead  color  data,  the  MPU  loads  tibe  address  register  with  tte  , 
address  of  the  color  palette  RAM  location  to  be  read.  The  MPU 
perfonte  three  successive  read  cycles  (8  or  6  bits  each  of  red,  ^ 
^reein,  Ud  blue),  using  RSO-RS 1  to  select  the  color  palette 
RAM.  Following  the  blue  read  cycle,  the  address  register  incre- 
ments to  the  next  location  which  the  MPU  may  read  by  simply 
reading  another  sequence  of  red,  green,  and  blue  data.  See  Ap- 
pendix A  for  sample  code  to  read  from  the  palette. 

^nhen  accesang  the  color  palette  RAM,  the  address  register  re- 
sets to  OOH  following  a  bberead  or  write  cycle  to  RAM  location 
FFH. 

For  8-bit  operation,  DO  is  the  LSB,  and  D7  is  die  MS?  of  color 
data. 

For  6-bit  operation,  color  data  is  contained  on  the  lower  six  bits 
of  the  data  bus,  with  DO  being  the  LSB  and  D5  the  MSB  of 
color  data.  When  writing  color  data,  D6  and  D7  are  ignored. 
During  color  read  cycles,  D6  and  D7  will  be  a  logical  zero. 

See  Compatibility  section  for  details  of  6/8-bit  operation. 
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Table  II.  Address  Register  (ADDR)  Operation 


Value 

RSI 

RSO 

Addressed  by  MPU 

ADDRa,  b 

Coimts  Modulo  3 

00 

Red  Value 

01 

Green  Value 

10 

Blue  Value 

ADDRO-7 
Coimts  Binary 

OOH-FFH 

0 

1 

Color  Palette  RAM 

The  MPU  interface  operates  asynchronously  to  the  pixel  clock. 
Data  transfers  between  the  color  palette  RAM  and  the  color  reg- 
isters (R,  G,  and  B  in  the  block  diagram)  are  synchronized  by 
internal  logic,  and  occur  in  the  period  between  MPU  accesses. 
As  only  one  pixel  clock  cycle  is  required  to  complete  the  trans- 
fer, the  color  palette  RAM  may  be  accessed  at  any  time  with  no 
noticeable  disturbance  on  the  display  screra. 

To        trac^  oi^^e  ised,  gteen,  and  blue  read/write  cycles,  the 
address  register  has  two  additional  bits  (ADDRa,  ADDRb)  that 
cotmt  moddlo  &ree)  as ^unm  in  Table  II.  They  are  reset  to 
zero  when  the  MPU  writes  to  the  address  register,  and  are  not 
reset  to  zero  when  the  MPU  reads  the  address  register.  The 
MPU  does  not  have  access  to  these  bits.  The  other  eight  bits  of 
the  address  register  (ADDRO-7),  incremented  following  a  blue 
read  or  write  cycle,  are  accessible  to  the  MPU,  and  are  used  to 
address  color  palette  RAM  locations,  as  shown  in  Table  11. 
ADDRO  is  the  LSB  when  the  MPU  is  accessing  the  RAM.  The 
MPU  may  read  the  address  register  at  any  time  without  modify- 
ing its  contents  or  the  existing  read/write  mode. 

Figure  1  illustrates  the  IVIPU  read/write  timing. 

FnqneiBnffer  Interface 

=The>P0-P7  inputs  are  used  to  address  the  color  palette  RAM,  as 
shown  in  Table  III. 

Table  lU.  Pixel  Input  Truth  Table  (PatA  Read  Ms^  ' 
Rii^Mto  =  FFH)  4 


P0-P7 

Addressed  by  Frame  Bu£Fer 

OOH 

Color  Palette  RAM  Location  OOH 

OIH 

Color  Palette  RAM  Location  OIH 

FFH 

Color  Palette  RAM  Location  FFH 

The  contents  of  the  pixel  read  mask  register,  which  may  be  ac- 
cessed by  the  MPU  at  any  time,  are  bit-wise  logically  ANDed 
with  the  P0-P7  inputs.  Bit  DO  of  the  pixel  read  mask  register 
corresponds  to  pixel  input  PO.  The  addressed  location  provides 
24  bits  (18  bits  in  compatibility  mode)  of  color  information  to 
the  three  D/A  converters. 

(See  Application  Note  entitled  "Animation  Using  the  Pixel  Read 
Mask  Register  of  the  ADV47X  Series  of  Video  RAM-DACs" 
arailablefiom  Analog  Devices,  Publication  No.  E1316-1S-1Q/89.) 
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1 

1 

;-  Of,.  ..T^*,, 

WHITE  LEVEL 


.liij  .irjnul  sil)  m 


BLACK  LEVEL 


BLANK  LEVEL 


lii.-'i    'iinT  Ji'ii '     ■  ■-■  •■'  >'<>'•! 
_  8YIICLEVEI.  


NOTES  ■  " 

1 .  CONNECTED  WITH  A  75  n  DOUBLY  TERMINATED  LOAD. 

2.  EXTERNAL  VOLTAGE  OR  CURRENT  REFERENCE  ADJUSTED  FOR  26.67  mA  PULL  SCALE  OUTPUT. 

3.  RS  -  343A  LEVELS  AND  TOLERANCES  ASSUMED  ON  ALL  LEVELS. 

Figure  8.  ADV7141/AOV7148  RGB  Video  Output  Waveform  (SETUP  =  V^) 
Table  IV.  ADV7141/ADV7148  RGB  Video  Output  Truth  Table  (SETUP 


Description 


WHITE 
DATA 

DATA-SYNC 

BLACK 

BLACK-SYNC 

BLANK 

SYNC 


26.67 

Data  -I-  9.05 

Data  +  1.44 

9.05 

1.44 

7.62 

0 


SYNC 


BLANK 


NOTES 

'Typical  with  full-scale  lOG  =  26.67  mA. 
External  voltage  or  current  reference  adjusted  for  26.67  mA  full-scale  output. 


Vaa)  '' 

J  I.,-,.-  .  -      >  UiOiitq  lOba  9ib  ' 

DAC'bvotDala'Krjii.-  aandt  uav^vi 
.  .  juM  boa  use--. 
iO!!NPn«4r!i  lotov  !■ 
•  jsr!  AOV  loTlnov 

T  I!)  OSlllW  ir5<t 

u.ui^i  .■■■"r^ii>fl  sd:  ' 
.'    03  7UrAoq  li"! 

.'T'      y.i  Vllii-irl  , 
•,  .  .  .         ■:.'.-;b  -Mhi  h:. 


FFH 
Data 
Data 
OOH 
OOH 
xxH 


d.-jsIeo 

9.1. /■> 


0.  t- 


3(t  I 


The  SYNC  and  BLANK  inputs,  also  latched  on  the  rising  edge 
of  CLOCK  to  maintain  synchronization  with  the  color  data,  add 
appropriately  weighted  currents  to  the  analog  outputs,  produc- 
ing the  specific  output  levels  required  for  video  applications,  as 
illustrated  in  Figures  8,  9  and  10.  Tables  IV,  V  and  VI  detail 
how  the  SYNg^^d  BLANK  inputs  ^lodify  ^e  outj^ut  ^vels. 


The  SETUP  input,  on  the  ADV7141  and  ADV7148,  is  used  to 
specify  wJ»*?r  a  0  IRE  (SETUP  =  mm         IRE  (SETUP  , 
=  Vj5]jJi|l^pa^a^destal*to  bei«!i,  soW  ^        „, .  {  ■ 


■  ■'id'',  aotjss'ji  i.:^ 

"Ji  I'l  vtiTri  ••I.  ■: 
■    r;sS»q  v  'r-j  -jt'.i  ^,      . . 


BLACK  LEVEL/ 
BLANK  LEVEL 


NOTES 

1.  CONNECTED  WfTH  A  75  Q  DOUBLY  TERMINATED  LOAD. 

2.  EXTERNAL  VOLTAGE  OR  CURRENT  REFERENCE  ADJUSTED  FOR  26.67  ulA  FULL  SCALE  OUITUT. 

3.  US  -  3«aA  LEVB.S  AND  TOLEIUVNGra  ASSUMED  ON  ALL  LEVELS. 

FIgum  A  Mm7141/ADV7immB  VSim  Output  Waveform  (SETUP  =  GND) 
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Table  V.  ADV7141/ADV7148  RGB  Video  Output  Truth  Table  (SETUP  =  GND) 


Descriptioii 

loirr  ("A)' 

SYNC 

BLANK 

DAC  laput  DaU 

WHITE 

26.67 

1 

FFH 

DATA 

Data  +  8.05 

1 

Data 

DATA-SYNC 

Data 

0 

Data  . 

BLACK 

8.05 

1 

OOH 

BLACK-SYNC 

0 

0 

OOH 

S9^^ 

.8.05 

1 

0 

xzH 

0  , 

0 

0 

1 

NOTEf 

'Typici"witli'toa=scalrI06  '=m67  mA. 
.^Exterx^  voltage  or  cunent^ference  adjured  for  26.67  mA  full^^e  otl^Jt^.^ 


HA 

V 

itm 

0.714 

0.00 

0.000 

WHITE  LEVEL 


NOTES 

1 .  CONNECTED  Wlm  A  75  Q  DOUBLY  TERMINATED  LOAD. 

2.  EXTERNAL  CURRENT  REFERENCE  ADJUSTED  FOR  1 9.0S  mA  FULL  SCALE  OUTPUT. 

3.  RS  -  343A  LEVELS  AND  TOLERANCES  ASSUMED  ON  ALL  LEVELS. 


BLACK  LEVEU 
BLANK  LEVEL 


Figujre  lOf  ^'jfJf^  HG^  Video  Output  Waveform 
Table  VI.  yU>V7146  RGB  Video  Output  Truth  Table 


Description        Iqut  (>i>A)*    BLANK    DAC  IapntDaU 


WHITE  Level 
IrtDEO  " 
'  "^LACK  Level 
BLANK  Levd 


m85 

0 

0  " 

-iu-  '..  . 


FFH 
Data 
OOH 
xxH 


NOTE         ,  , 

'Typical  with  full-scale  lOR,  IQG,  lOB  =  19.05  mA,        =  8.88  mA- 
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mally  designed  tor  lowest  noise  pertormance,  both  radiaieu  ana 
conducted  noise.  To  complement  the  excellent  noise  perfor- 
mance of  these  parts,  it  is  imperative  that  great  care  be  given  to 
the  PC  board  layout.  Figures  11,  12  and  13  show  recommended 
connection  diagrams  for  the  ADV7141/ADV7148  in  voltage  ref- 
erence  and  current  lefeRuee  iiiiicb»  tai  tbe  M9f^l46. 


COMPONENT 


VENDOR  PART  NUMBER 


C1-CS  0.1|iF  CERAMIC  CAPACITOR 

C6  10|iF  TANTALUM  CAHWBQR 

LI  FERRITE  BEAD 

R1,  RZ,  R3  75n  1%  METAL  FILM  RESISTOR 

RsET  147n  1%  METAL  FILM  RESISTOR 

Z1  1.23SV  VOLTAGE  REFERENCE 


FAIR-RPTE  Z74300111  OR/ 
MURATA  BL01/02|(I{ 
DALE  CMF-55C 
DALE  CMF-55C 
ANALOG  DEVICES  AD589JH 


Figure  11.  ADV714I8/APV7141  Typical  Connection  Diagram 
and  Component  (Jit  ^l^rfHStft  Reference  Configuration) 

»isQ  iji}oi  3Aa  ,  ■ 


COMPONENT  DESCRIPTION 


VENDOR  PART  NUMBER 


01-05  0.1|<F  CERAMIC  CAPACITOR 

C6-C7  10(iF  TANTALUM  CAPACITOR 

LI  FERRITE  BEAD  FAIR-RITE  274300111  OR/ 

MURATA  BL01/02/OS 
R1,  R2,  R3       75n  1%  METAL  FILM  RESISTOR  DALE  CMF-55C 

Figure  12.  ADV7148/ADV7141  Typical  Connection  Diagram 
and  Component  List  (Current  Reference  Configuration) 


Ct-O*  0.1|>F  CERAMIC  CAPACITOR 

CS-C«  lOitFTANTAUlM  CAPACITOR 

LI  FBtRITEBEAD 


R1,R2,Ra 


FAIR-RrrE  274300111  OR/ 
MURATA  BL01/0Z/03 
7SO  1%  METAL  FILM  RESISTOR  DALE  CMF«C 


Figure  13.  ADV714B  Typical  Connection  Diagram  and 
Component  List  (Current  Reference  Configuration) 

The  laj^t  should  be  optimized  for  lowest  noise  on  the  CEG/ 
J3Al^^^^er  and  ground  lines.  This  is  achieved  by  shielding  the 
digitaL  iii|mt&-and  providing  good  decoupling.  The  lead  length 
bctw^ei^grpKps  ofV^  and  GND  pins  should  by  minimized  so 
m  &  't^mi^  ilidtu^^ilaging. 

Ground  Planes 

The  ground  plane  should  encompass  all  the  CEG/DAC  ground 
pins,  current/voltage  reference  circuitry,  power  supply  bypass 
circuitry,  the  analog  output  traces,  any  output  amplifiers  and  all 
the  digital  signal  traces  leadi^  up  to  the  CEG^AC. 

Power  nanes 

The  PC  hoard  layout  should  have  two  distiact  pgwa  planes,  one 
for  analog  circuitry  and  one  digital  circuitry.  The  analog  power 
plane  should  encompass  all  ^  CEG/DAC  power  pins  and  all 
associated  analog  circuitry.  This  powo:  plane  should  be  con- 
nected to  the  regular  FCB  power  plane  (Vqc)  at  a  single  point 
dird^^h  a  feMte  bead,  a^  illustrated  in  Figures  11,  12  and  13. 
This  bead  should  be  located  within  three  inches  of  the  part. 

The  PCB  power  plane  should  provide  power  to  all  digital  logic 
on  the  PC  board,  and  the  analog  power  plane  should  provide 
power  to  all  the  CEG/DACs  power  pins,  voltage  reference  cir- 
cuitry and  any  output  amplifiers. 

The  PCB  power  and  ground  planes  should  not  overlay  portions 
of  the  analog  power  plane.  Keeping  the  PCB  power  and  ground 
planes  from  overlaying  the  analog  power  plane  will  contribute  to 
a  reduction  in  plane-to-plane  noise  coupling. 

Supply  Decoupling 

Noise  on  the  analog  power  plane  can  be  further  reduced  by  the 
use  of  multiple  decoupling  capacitors. 
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Optimum  performance  is  achieved  by  the  use  of  0. 1  |xF  ceramic 
capacit<ii«.  Each  of  the  two  groups  of  V^a  (ADV71WAD7148) 
should  be1ttdiViduill$''deeoUpled  to  ground.  This  shotifd  be 
done  by  placing  ^'tii^i^tbrs  as  close  as  possible  to  the  device 
with  the  capacitor  leads  Ss  ^hort  as  possible,  thus  minimizing 
lead  inductance. 

It  is  important  to  note  that  while  the  CEG/DAC  contains  cir- 
cuitry to  reject  power  supply  noise,  this  rejection  decreases  with 
frequency.  If  a  high  frequency  switching  power  supply  is  used, 
the  designer  should  pay  close  attention  to  reducing  power  sup- 
ply noise.  A  dc  power  supply  filter  (Murata  BNX002)  will  pro- 
vide EMI  suppression  between  the  switching  power  supply  and 
the  main  PCB.  Alternatively,  consideration  could  be  given  to 
using  a  three  terminal  voltage  regulator. 

Digital  Signal  Interconnect 

The  digital  signal  lines  to  the  CEG/DAC  should  be  isolated  as 
much  as  possible  from  the  analog  outputs  and  other  analog  cir- 
cuitry. Digital  s^nalfin^abould  Aot  omUi/'^  analog  power 
plane. 

Due  to  the  high  clock  rates  used,  long  clock  lines  to  the  CEG/ 
DAG  should  be  avoided  so  as  to  minimis  noise  pickup. 

Any  active  pullrup  tocminatian  resistors  for  the  digital  inputs 
should  be  ataaa^^^liif  regular  PCB  power  plane  (Vqc),  and 
not  the  analog  power  pbine. 

Analog  Signal  Interconnect 

The  CEG/DAC  should  be  located  as  dose  as  possible  to  the  out- 
put connectna  tto'iMMiiisaig  noise  jkick-tqi  and>ieflectioiis 
due  to  imp«lin<%liiisiiiaibh. 

The  video  output  signals  should  overlay  the  ground  plane,  and 
not  the  analog  power  plane,  thereby  maximizing  the  high  fre- 
quency powo;.  supply  lejection. 

For  optimum  performance,  the  analog  outputs  should  each  have 
a  source  termination  resistance  to  ground  of  75  11  (doubly 
terminated  75  O  configuration).  This  tenninatian  resistance 
should  be  as  close  as  possible  to  llNr$XG/DAC so  as  Miintni- 

mize  reflections. 

Additional  information  on  PCB  design  is  available  in  an  Applica- 
tion Note  entitled  "Design  and  Layout  of  a  Video  Graphics  Sys- 
tem for  Reduced  EMI."  This  application  note  is  available  firom 
Analog  Devices,  PubUcation  No.  E1309-I5-10/89. 


REGISTER  LEVEL  PROGRAMMING  OF  THE  CEG/DAC 
ConpatlbUity 

CBG/BilCii  ure  anmilal^  U  several  plug-in  compatible  replace- 
mexlts  foi^iiost  p(#uftr  pdettt  DACs  indudiog  the  Analog 
Devices  A£»V471,  A0V476  and  ADV478;  the  Bunos  IMSGI71 
and  IMSG176  and  aw  ffioitos  BT47I  and  BT478.  Att  are 
compatible  with  standard  V6A  controllers. 

The  CEG/DAC  powers-up  in  compatibility  mode  with  the  CEG 
circuitry  bypassed.  CEG  mode  is  enabled  with  a  software  key 
sequence  of  reserved  palette  accesses.  See  Appendix  A  for  a  soft- 
ware example  of  setting  the  CEG  mode. 

In  compatibility  mode  the  ADV7141  and  ADV7146  always  use 
six  bits  for  each  red,  green  and  blue  palette  component.  The 
ADV7148  uses  either  6  or  8  bits,  depending  on  the  setting  oC'  - 

the  8/6  pin  (see  Table  VII  below). 

Table  VII.  CEG/DAC  Bits  per  Color  Component 


Compatibility  Mode 

CEG  Mode 

CEG/DAC 

6-Bit  Colors 

8-Bit  Colors 

$-Bit  Colors 

ADV7141 

* 

* 

ADV7146 

* 

A0V7148 

* 

* 

* 

In  6-bit  compatibility  mode  the  CEG/DAC  shifts  color  data  as  it 
writes  to  and  reads  from  the  palette.  The  microprocessor  writes 
right  justified  data  in  bits  D5  to  DO  into  the  palette.  In  the  pal- 
ette the  data  is  stored  left  justified  with  bits  Dl  and  DO  set  to  0. 
During  palette  read  operations  the  data  is  returned  to  the  micro- 
processor in  bits  DS  to  DO  with  bits  D7  and  D6  set  to  0. 

The  CEG  mode  byte,  ^hich  is  written  to  the  blue  palette  loca- 
tion 223,  is  also  shifted  t^feen  >t  is  written,  but  not  when  read. 

All  eight  bits  of  the  palette  data  register  are  significant  when 
CEG  is  enabled.  Set  the  CEG  mode  before  writing  CEG  8-bit 
palette  infonnation  to  avoid  the  shifting  operations  that  occur 
when  the  chip  is  in  compatibility  mode. 

The  Encoding  Methods 

The  Continuous  Edge  Graphics  Level  i  specification  describes 
in  detail  the  two  advanced  encoding  methods.  Table  VIII  lists 
the  characteristics  of  each  CEG  encoding  method. 

Basic-8  encoding  provides  16  colors  with  8  mixes,  plus  explicit 
loading  of  ±e  A  or  B  color  registers.  The  Basic-8  method  is  ap- 
propriate for  appUcations  where  8-bits  per  pixel  are  available 
and  a  moderate  number  of  colors  are  required,  such  as  CAD 
applications.  „ 


Table  VIU.  CEG  Encoding  Methods 


Encoding 

Bite  per 

Palette 

CEG 

Method 

Pixel 

Colors 

Mixes 

Colors 

DPL 

Notes 

Basic-8 

8 

16  +  16 

8 

16  X  16  X  8  =  2048 

Mixes  and  Colors  in  the  Same  Pixel 

A|N^iieed-4 

<  \ 

8 

8 

8  X  8  X  7/2  = 

Yes 

Mixes  and  Colors  in  Diff<a«nt  Pisels 

A^WQStldlfS:; 

312, 

225  X  222  X  32/2  =  792,096 

Yes 

Mixes  and  Colors  in  Different  Pixels 
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The  two  A4^^Bqe(i  meduxls  stor^  colois  and  qp  codes  in  differ- 
ent pixels.  The  Advanced-4  encoding  suppons  4-bits-per'rpixel 
graphie;,,{Qaki>ig>it  :the  CEG  method  to  us^  w  4-bit  systems  , 
such  asy^j;|l;is#)^jgjyi  YQA>.4<iy9nceii4|p;mvi^  d^t  pal". 
ette  c^f.«mi  ^g^mxes.  Advanced-8  provides  .2^3  drawing  , 
colors  with  full  32-mix  shading.  Use  the  AdvanceiJs&.eiiCQttmg 
method  when  there  is  a  requirement  for  many  colors,  such  as 
solid  model  rendering  and  computer  imaging. 

In  the  Advanced  methods,  an  entry  in  the  palette  can  also  be 
reserv«l:fi^ryth|:^^I.,pp  code.  The  dynamic  palette  further  ex- 
pands the  number  o^  colors  available. 

Basic-8  Encoding 

The  Basic-8  method  encodes  the  16  drawing  colors  and  eight 
mixes  into  the  eight  bit  pixel  as  shown  in  Figure  14.  Table  IX 
below  shows  the  mix  ratios  that  correspond  to  each  pixel  value 
in  the  mix  field. 


P7 

P6 

PS 

P4 

P3 

P2 

PI 

PO 

<— 1 

MIXO- 

7— > 

<  > 

rftEGISTER 

<-... 

■  ;o " 

COLOl 

10-15 

....> 

Figurf  f4.  PM  Snl^Sii^^  tor  Ba&^-^ii  i-jrjf 
Table  K.  Basic-8  Mix  Values 


Mix 
Value 

Ratio 

Color  A 

Color  B 

0 

31/31 

0/31 

1 

27/31 

4/31 

2 

22/31 

9/31 

3 

18/31 

13/31 

4 

13/31 

18/31 

5 

9/31 

22/31 

6 

4/31 

27/31 

7 

0/31 

31/31 

-  '->.'■.    'J  .I,:.',  i 


The  register  bit  selects  whether  the  color  is  placed  in  the  A  reg- 
ister or  the  B  register.  When  the  register  bit  is  set  to  0,  the  A 
register  is  used.  When  the  register  bit  is  set  to  1,  the  B  register 
is  used.  The  register  bit  also  selects  which  portion  of  the  palette 
is  accessed  by  the  color  field,  because  the  A  and  B  registers  use 
different  palette  ranges. 

The  color  field  of  the  pixel  data  refers  to  the  first  16  colors  in 
the  palette  (Colors  0-15)  when  the  register  bit  equals  0  (for  the 

A  register).  When  the  register  bit  equals  1  (for  the  B  register), 
the  color  field  refers  to  the  second  16  colors  in  the  palette  (col- 
ors 16  to  31).  To  find  the  palette  location  for  the  B  register,  add 
16  to  the  color  bits  in  P0-P3  (e.g.,  when  the  register  bit  =  1, 
color  0  refers  to  palette  location  16).  Generally,  these  two  palette 
banks  are  loaded  with  the  same  sets  of  colors,  but  different  col- 
ors can  be  used  to  increase  the  possible  number  of  colors. 


'.•»       -  '■'■■■I' 


Advanced  Encoding 

In  the  two  Advanced  encoding  methods,  the  pixel  contains 
either  a  color  or  an  op  code.  Mix  op  codes  operate  on  the 
colors  in  the.A  and  B  registers.  The  companion  publication. 
Continuous  Edge  Graphics  Level  3,  describes  how  the  two  col- 
ors are  stored  in  the  registers  and  how  they  are  displayed.  The 
Advanced-4  encoding  method  combines  eight  palene  colors  with 
eight  mixes  in  the  4-bit  pixel,  providing  224  CEG  colors.  The  4 
LSBs  of  the  pixel  value  refer  to  either  palette  locations  0-7  or  a 
mix  op  code  as  shown  in  Table  X  below. 

As  shown  in  the  Figure  15,  when  using  the  Advanced-4  encod- 
ing, inputs  P3-P0  contain  data  and  inputs  P7-P4  are  ignored. 


P7 

P6 

P5 

P4 

P3 

P2 

PI 

PO 

<—  NOT  CONSIDERED  — > 

<-  COLOR  OR 

OPCC 

DE-> 

Figure  IS.  Pixel  Encoding  for  Advanced-4 
Table  X.  Advanced-4  Mix  Values 


Mix 

'Vidtie 


0 
1 
2 
3 
4 
5 

7 

8 

10 

■H 
12 
13 
14 

15 


Ratio 


Color  A    Color  B 


31/31 

27/31 

22/31 

18/31 

13/31 

9/31 

4/31 

0/31 


0/31 

4/31 

9/31 

13/31 

18/31 

22/31 

27/31 

31/31 


Description 


Palette  Color  0 
Palette  Color  1 
Palette  Color  2 
Palette  Color  3 
Palette  Color  4 
Palette  Color  5 
Palette  Color  6 
Palette  Color  7 
or  DPL  Op  Code 
Mix  Op  Code 
Mix  0^  Code 
Mixdj^  Cddf 
MixC^€ode 
MixX^Code 
Mix  Op  Code 
Mix  Op  Code 
Mix  Op  Code 


Advanced-8  encoding  uses  8-bit  pixels  and  offers  223  palette 
colors  vrilh  ^  'mixes',  resulting  in  792,096  CEG  colors.  The 
eight  ^ts'^'tbe  pixel  value  refer  to  either  a  color  in  the  palette 
or  to  an  op  code  as  shown  in  Table  XI.  S^-^ 

Table  XI.  Advanced-8  Mix  Values 


Mix 
Value 

Ratio 

Description 

Color  A 

Color  B 

0-190 

Palette  Colors 

191 

Palette  Color 

or  DPL  Op  Code 

192 

31/31 

0/31 

Mix  Op  Code 

193 

30/31 

1/31 

Mix  Op  Code 

194 

29/31 

2/31 

Mix  Op  Code 

195 

28/31 

3/31 

Mix  Op  Code 

22  f  - 

2/31 

29/31 

Mix  Op  Code    '  - 

222 

1/31 

30/31 

Mix  bp  Code 

223 

0/31 

31/31 

Mix  Op  Code 

224-255 

Palette  Colors 

REVO 
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DYNAMIC  PALETTE  LOADING  (DPL) 
The  two  Advanced  CEG  encoding  methods  can  use  dynamic 
palette  loading,  allowing  the  CEG/DAC  to  load  palette  colors 
from  the  bit  map.  With  DPL  enabled,  an  entry  from  the  color 
palette  is  reserved  as  the  DPL  op  code  (7  in  Advanced-4,  191  in 
Advanced-S).  The  data  following  this  op  code  describes  the  new 
color  to  load  and  specifies  the  palette  address.  Note  that  CEG/ 
DAC  addresses  are  ANDed  with  die  pixel  piadc  lister.  To 
avoid 'fflisaddre^ing  a  DPIl  eiltry,  Itilif £&aSllr\i^''!i$!S.''1$ee 
Mask  Register  for  more  information. 

The  DPL  op  code  and  data  are  not  displayed  on  the  screen.  In- 
stead, the  color  value  preceding  the  DPL  op  code  is  repeated  in 
place  of  the  palette  load  sequence  pixels.  The  two  pixels  preced- 
ing the  DPL  op  code  must  be  of  the  same  kind  (two  colors  or 
two  mixes).  For  example,  Color  1  Color  2  DPL  is  a  vahd  se- 
quence but  Color  Mrt        is  not.'' 

DPL  Examples 

In  the  Advanced-8  encoding  method,  a  DPL  sequence  requires 
five  pixels,  one  for  the  op  code,  three  for  the  new  color  and  oaf 
for  the  palene  addre^.  Tab)e  Xn  below  sfapv!s,the, sequence.  , 

Table  XII.  DPL  Op  Code  Sequence  for  Advanccd*8>'Ju: 


Figure  16  shows  an  example  of  a  DPL  op  code  sequence  in  the 
Advanced-4  encoding  method  and  how  the  op  code  alters  the 
palette  and  affects  the  display.  In  this  example  the  color  at  pal- 
ette address  2  is  reassigned  with  the  DPL.  As  the  new  color  is 
loaded  into  the  palette  the  CEG  chip  displays  the  pixel  color  to 
the  of  the  op  code,  Color  3,  on  the  screen.  After  CEG  loads 
the  new  color  (shown  as  R2G2B2)  at  palette  address  2,  it  is  dis- 
played whenever  Color  2  is  used. 

Pixel  Replication  Compensation 

Some  VGA  controllers  repeal  each  pixel  twice  in  low  resolution 
displays  (such  as  320  x  200).  The  CEG  chip,  however,  expects 
pixels  in  sequences  and  therefore  it  provides  pixel  replication 
compensation  to  undo  this  duplication.  When  pixel  replication 
compensation  is  enabled,  the  CEG/DAC  chip  samples  P7-P0  on 
every  second  CLOCK  to  ignore  the  repeated  data  (see  Figure 
17).  Because  the  CEG/DAC  is  reversing  a  duplication  made  by 
the  controller  hardware,  the  compensation  does  not  affect  the 
graphics  programmer.  The  bit  map  is  written  as  before. 


PkcelNo. 

2 

3 

4 

5 

Con&tits 

DPL 

New 

New 

New 

FalMtt 

Op  Code 

Red 

'  Green 

Blue 

Address 

If  the  scan  line  period  (video  time  plus  BLANK  time)  has  an 
even  number  of  clock  cycles,  then  even  numbered  pixels  are 
displayed.  That  is,  after  the  end  of  BLANK,  the  first  pixel  is 
ignored,  the  second  displayed,  the  third  ignored,  the  fourth  dis- 
played etc.  If  the  scan  line  period  has  an  odd  number  of  clock 
periods,  then  the  first  pixel  after  the  end  of  BLANK  is  dis- 
played, and  the  second  is  also  displayed,  and  thereafter  only 
even  numbered  pixels  are  dUplayed  (the  fourdi,  the  sinh,  «tc.). 


In  4-bics-per-pizel  graphics  two  pixete     needed  to  speafy'me 

DPL  X^qi^)m^l^-^S^mP.fn  ^<p^^<:|^^lor  the^n^ 
<»lor|g«fnl$M^f^«Ccpi^a^ib3^^  tbe  ^tte 

addre»..Table:XQ  sl^ows  th^  DPL  itg>  cods  s^uencs. 


PALETTE  BEFORE  PALETTE  AFTER 

EOP  EDP  ' 

Figure  16.  DPL  Op  Code  in  the  Bit  Map 


Table  xm.  DPL  Op  Code  Sequence  for  Advanced^ 


Pixel  No. 

I 

2 

3 

4 

5 

6 

7 

8 

Contents 

DPL 

New 

New 

New 

New 

New 

Palette 

Op  code 

Red 

Red 

Green 

Slue 

Blue 

Address 

Color  bits 

R7-R4 

R3-R0 

G7-G4 

G3-G0 

^-B4 

B3-B0 

OI6ITAL-70-ANALOGCONVBRTEf&  »SS3 


P1  P2  P3  P4 


VGA 
CONTROLLER 


*^^'0l<^P3laP2P 


PIXEL 
REPLICATION 
COMPENSATION 


flgme  17.  Pixet  Replication  Compensation 


CEG/DAC  MODES 

The  CEG/DAC  supports  a  number  of  modes.  A  riiodl  is  a  coni- 
bmatioii' of  attributes.  The  possible  attributes  are:  '  ' 

•  CEG  Encoding  (Basic-8  or  Advancedr4  or,  Advanced-8) 

•  Dynamic  Palette  Loading  (DPL)  .  . 

•  Pixel  Replication  Compensation 

The  mode  is  selected  under  software  control  by  a  key  sequence 
followed  by  a  mode  byte. 

Enabling  CEG 

The  CEG/DAC  employs  an  unused  sequence  of  palette  accesses 
to  enable  the  CEG  logic, :  This  long  sequence  was  specially  de- 
signed to  prevent  accidental  mo^e  changes.  To  enable  the  CEG/ 
DAG  the  software  must  perform  the  following  steps; 

1.  Write  a  palette  read  address  (222). 

2.  Write  three  specific  bytes  of  palette  RAM  data. 

3.  Repeat  Steps -li  and.  2-tvwi8enj9rs.',,'  ..  ■j,,,        ', .  ■ .  .r-,-;-. 

There  are  eight  bytes  of  special  palette  RAM  data  followed  by 
the  CEG  mode  byte.  The  mode  byte  determines  the  CEG  func- 
tionality. Table  XIV  shows  the  special  palette  RAM  data  and 
the  mode  byte.  The  CEG/DAC  Modes  table  shows  the  mode 
byte  values.  Appendix  A  contains  sample  software  routines  to 
set  the  VGA  CEG/DAC  mode. 

Table  XIV.  CEG  Key  Sequence  (Decimal  Values) 


Byte  1 

Byte  2 

Byte  3 

Byte  4 

Byte  5 

Byte  6 

Byte  7 

Byte  8 

Byte  9 

67 

69 

71 

69 

68 

83 

85 

78 

Mode 

The  key  sequence  must  be  written  exactly  as  shown  and  cannot 
be  interrupted  by  any  other  palette  accesses.  The  entire  key 
sequence  must  be  reentered  to  change  CEG  modes.  If  the  key 
sequence  is  wrong  or  the  CEGDIS  pin  is  high,  the  chip  remains 
in  compatibility  mode.  After  the  mode  is  set  it  can  be  read  from 
palette  location  223  blue.  Note  that,  as  with  other  palette  data, 
the  mode  byte  is  shifted  as  il  is  wrilien  to  the  palette  (see  Corii- 
patibility  section). 

Table  XV  shows  the  CEG/DAC  modes.  Unpredictable  results 
can  occur  if  a  mode  not  listed  in  the  table  is  used. 

Table  XV.  CEG/DAC  Modes 


Mode 


5 

6 

9 

10 

11 

13 

14 

15 


CEG  Encoding 
Method 


Basic-8 

Basic-8 

Advanced-4 

Advaneed-4 

Advana<ad-4, 

Advanced-S 

Advanced-8 

Advaoced-8 


DPL 


Pfatel 

Replicatiim 


Writing  palette  data  to  location  223  immediately  disables  CEG 
operations  ,  and  returns  the  device  to  full  power-up  compatibility 
mode  (there  are  no  side  effects  to  this  and  no  need  to  clear  any 
registers)!  Appendix  A  contains  sample  software  that  clears  the 
CEG/DAC  mode  aild  returns  the  hardware  loits  initial  power- 
up  compatibility  mode  (in  a  VGA  system).  ''^ 

Gamma  Correction 

The  CEG/DAC  automatically  applies  full  gamma  correction  in 
all  CEG  modes.  Gamma  correction  is  required  to  compensate  for 
the  nonUnear  relationship  between  the  CEG/DAC  outputs  and 
the  CRT  display.  To  avoid  any  incompatibility,  gamma  correc- 
tion is  disabled  in  compatibility  mode.  The  CEG/DAC  uses'  a 
gamma  value  of  2.3  to  perform  this  correction. 

Identifying  a  CEG/DAC 

Software  determines  whether  a  CEG/DAC  is  present  by  reading 
the  mask  register.  Whenever  a  CEG  mode  set  is  selected,  the 
four  most  significant  bits  of  the  mask  register  become  write 
only.  When  read,  these  four  MSBs  do  not  relay  the  contents  of 
the  mask,  but  rather,  give  information  about  the  CEG  hardware 
installed. 

Mask  register  Bit  D7  is  reserved  and  Bits  D6-D4  read  back  the 
revision  code  of  the  CEG/DAC  chip.  The  revision  number  al- 
ways contains  at  least  one  "0"  to  allow  software  to  distinguish 
CEG/DAC  chips  from  other  DACs.  An  ordinary  ^alM*  DM) ' 
returns  the  full  eight  bits  of  the  mask  register. 

In  other  words,  by  enabling  CEG,  loading  the  mask  register 
with  255  and  then  reading  the  mask  register,  the  software  can 
determine  whether  or  not  the  hardware  uses  a  CEG/DAC.  De- 
vices that  return  the  value  loaded  (those  which  read  back  255) 
do  not  have  CEG.  Those  that  return  a  different  value  use  a 
CEG/DAG.  Appen^  A  contains  sample  software  which  deter- 
mines the  verdon  IpiB^pSSgtthe  mask  rt^ter. 


Ml  < 


■  >  '   K'  -f  A  ]  i-.'i       I  ?ri,i  it.i.T. 


2-884  DIGITAL-TO-ANALOG  CONVERTERS 


REV.O 


ADV7141/ADV7146/ADV7148 


APPENDIX  A.  CEG  SAMPLE  CODE 

The  foUowiag  code  sampte  are  available  on  diskette 

Setting  die  CEGffl>AC  Mode 

SET_CEG_MODE:  ;  Set  the  CEG/DAC  mode  by  entering  a  key  sequence. 

;  8086/286/386/486  assembler  for  a  CEG/DAC  in  a  VGA 
;  Desired  MODE  is  passed  in  AL 


PUSH 

DX 

;  Save  DX 

PUSH  AX 

;  Save  MODE  for  later 

RVRT 

equ 

OOOOlOOOb 

;  Vertical  retrace  bit 

MOV 

DX, 

03DAH 

;  Set  to  Video  status  port 

SYNCO: 

IN 

AL, 

DX 

;  Get  from  Status  Port 

TEST 

AL, 

RVRT 

;  Are  we  in  vertical  retrace  ? 

JNZ 

SYNCO 

;  Yes,  wait  until  we  aren't 

SYNCl: 

IN 

AL, 

DX 

;  Get  from  status  port 

TEST 

AL, 

RVRT 

;  Are  we  in  vertical  retrace  ? 

JZ 

SYNCl 

;  Ho,  loop  until  we  are 

ENTER_KEY: 


MOV 

DX, 

03C7H 

i  Set  up  DAC  for  read  from  222 

MOV 

AL, 

222 

OUT 

DX, 

AL 

MOV 

DX, 

03C9H 

;  Put  write  data  address  in  DX 

MOV 

AL, 

67 

;  Write  key  byte  1 

OUT 

DX, 

AL 

MOV 

AL, 

69 

;  Write  key  byte  2 

OUT 

DX, 

AL 

MOV 

AL, 

71 

;  Write  key  %te  3 

OUT 

DX, 

AL 

MOV 

DX, 

03C7H 

;  Set  up  DAC  for  read  from  222 

MOV 

AL, 

222 

OUT 

DX, 

AL 

MOV 

DX, 

03C9H 

;  Put  write  data  address  in  DX 

MOV 

AL, 

69 

;  Write  key  byte  4 

OUT 

DX, 

AL 

MOV 

AL, 

68 

;  Write  key  byte  5 

OUT 

DX, 

AL 

MOV 

AL, 

83 

;  Write  key  byte  6 

OUT 

DX, 

AL 

MOV 

DX, 

03C7H 

;  Set  up  DAC  for  read  from  222 

MOV 

AL, 

222 

..b'^   ,iv:  ■•?..! 

OUT 

DX, 

AL  ■■" 

MOV 

DX, 

03C9H 

;  Put  write  address  in  DX 

MOV 

AL, 

85 

;   ;  Write  key  byte  ?  • 

OXJT 

DX. 

AL 

MOV 

78 

;  Write  key  byte  8 

OUT 

DX, 

AL 

POP 

AX 

;  Retrieve  desired  MODE 

OUT 

DX, 

AL 

;  Write  the  MODE 

pew? 

DX 

;  Restore  DX 

RET 

;  return  from  subroutine 

OtOfmL-tb-ANALOGCONVEfm^  it-SSS 
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CLEAR_CEG^O&E: 


;  Clear  CEG  mode  and  return  to 
;  power-up  compatibility  mode 


'aslifiV';  SIR  eslq 


8086/286/386/486  assembler  code  to  clear  the 
return  the  hardware  to  its  ilthial  power-up  CompaVibiliiy  mi 
(in  a  VGA  system) 

To  clear  CEG  mode: 

1)  Wait  for  the  B^imiing  of  a  vertical  retrace 

2)  Write  to  palene  hsatio»  223d 


RVRT 


.•id  9sn!: 


SYNCO: 


SYNCl: 


PUSH 

DX 

;  Save  DX 

PUSH 

AX 

;  Save  MODE  for  later 

eiqu 

CUOlOOOb 

;  Vertical  retrace  bit 

DPLs  won't  interrupt  reset 

mm 

M, 

03DAH 

;  Set  to  Video  status  port 

IN 

AL, 

DX 

;  Get  from  Status  Port 

TEST 

AL, 

RVRT 

;  Are  we  in  vertical  retrace  ? 

JNZ 

SYNCO 

;  Yes,  wait  until  we.  pen't 

IN 

AL, 

DX 

;  Get  from  status  port 

TEST 

AL, 

RVRT 

;  Are  we  in  vertical  retrace  ? 

JZ 

SYNCl 

•'1 

.  ^  No,  loop  until  we  are 

;  ^afe  to  write 

MOV 

DX, 

03C8H 

MOV 

AL, 

223 

;  Set  write  address 

OUT 

DX, 

AL 

MOV 

DX, 

03C9H 

MOV 

AL, 

0 

;  Clear  C£,G  «odje. , 

OUT 

W> 

;  Write  the  byte 

POP 

'm 

SSS  iet»WSmm  JM'.  ■'<-.  i:?  ; 

POP 

Vltoitore  DX 

RET 

.•i'..jvi  uyu--t  l 
.  '"J 

ii-'  -i'l 

dO(xi :  

H/'.vMO  /,Cx 

:(.:'■ 

.<(!  .1,- 

rA\'2  .JA 

,JA 

..  lA 

lOV'Mi 

lA 


xa 

At 


Detea|M^:aie^:£Mliii  fMbk^liMag  tke  MMi  Vi^iViy'"*  '-'  '  ■■ 

GET_VERSa^!;  ;  Id^tfiy  <SJ  *eiSb8  nimiber 

;  8086\286\386\486  assembler  code  for  the  VGA  sequence  to 

;  determine  the  version  by  inspecting  the  mask  register       '  -  i  \  • 


V<?M 


MOV 

AL, 

013DH 

;  Any  legal  mode  will  do 

CALL 

SET_CEGJVIODE 

;  Set  the  mode 

MOV 

DX, 

03C6H 

;  Set  DX  to  mask  reg.  address 

MOV 

AL, 

255 

;  Write  mask  bits  to  all  ones 

OUT 

DX, 

AL 

IN 

AL, 

DX 

;  Read  contents  of  mask  leg 

SHR 

AL, 

1 

;  Shift  result  to  lowest  bits 

SHR 

AL, 

1 

SHR 

AL, 

1 

SHR 

AL, 

1 

AND 

AX, 

7 

;  Mask  to  keep  only  three  bits 

;  The  revision  code  is  now  in  the  low  nibble  of  AL 
;  Valid  revision  codes  are  0-6 

;  Revi^^  code  7  isdiaBig  Mfla,  CIS  egspatible  devi$:f , 


xa 


ADV7141/ADV714E/ADV7148 


Writing  the  Palette 

;  8086/286/386/486  assemble  code  for  the  VGA  sequence  to 
;  write  to  the  palette 

WRTTE-PAL: 


Reading  the  Palette 

;  8086/286/386/486  assei 
;  read  from  the  palette 

READ_PAL: 


Write  to  Falettt  locatjons 


MOV 

DX, 

03C8h 

Set  up  CEG/DAC  for  Write 

MOV 

AL, 

0 

Will  write  location  zoo 

OUT 

DX, 

AL 

MOV 

DX, 

03C9h 

Put  data  addness  into  DX 

OUT 

DX, 

AL 

Write  Red  Byte 

Locatkm  0 

OUT 

DX, 

AL 

Write  Gieen  Byte 

Locatioii  0 

OUT 

DX, 

AL 

Write  Blue  Byte 

Location  0 

-  keep  writing 

OUT 

DX, 

AL                   ;  Write  Red  Byte 

Location  1 

OUT 

DX, 

AL 

Write  Green  Byte 

Location  1 

OUT 

DX, 

AL 

Write  Blue  Byte 

Location  1 

the  VGA  sequence  to 

Read  From  Palette  locations 

MOV 

DX, 

03C7h 

Set  up  CEG/DAC  for  read 

MOV 

AL, 

50 

Will  read  from  location  50 

OUT 

DX, 

AL 

MOV 

DX, 

03C9h               ;  Put  Data  address  into  DX 

m 

AL, 

DX 

Read  Red  Byte  into  AL 

IN 

AH, 

DX                 ;  Read  Green  Byte  into  AH 

IN 

BL, 

DX                 ;  Read  Bhie  Byte  into  BL 

-  keep  reading 

IN 

AL, 

DX                ;  Read  Red  Bytt 

Location  51 

IN 

AH, 

DX                ;  Read  Green  Byte 

Location  51 

IN 

BL, 

DX                ;  Read  Blue  Byte 

Location  51 

Accessmg  the  Kxd  ilbaSi  Register 

;  8086/286/386/486  assembler  code  for  the  VGA  sequence  to  access  ilie 
;  Pixel  Mask  Register 

ACXXSS_REG 

MOV  DX,  3C6h 

MOV  AL,  255 

OUT  DX,  AL 

IN       DX,  AL 


Pixel  Mask  Register  Port  Address 
Write  all  ones  to  register 

Read  back  contents  of  register 
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Um  ma  ma  mba^^ 
DEVI^ 


lO-Bit  Video  RAM-DACs 


FEATURES 

170  MHz  Pipelined  Operation 
Triple  10-Bit  D/A  Converters 
Triple  2S6  x  10  (256  x  30)  Color  Palette  RAM 
On-Chip  Clock  Control  Circuit  ,  . 
Palstte  Priority  Select  Fieglsters 
RS<343A/RS<478  Compatible  Analog  Outputs 
TTL  Compatlbls  Digital  Inputs 
Standard  MPU  I/O  Interface 
10-Blt  Parallel  Structure 
8+2  Byte  Structure'  ' 
Pixel-Data  Secialicar- 
MuttiplexadPixellnput  Ports;  1:1,2:1,4:1  (ADV7150) 
Multiplexed  Pixel  Input  Pqrts; 


MODES  FOR  ALL  SPEED  GRADES 
24-Bit  True  Color 
Three  8-Bit  Pseudo-Color  Modes 

On  Red  Pixel  Port 

On  Green  Pixel  Port 

On  Blue  Pixel  Port 

15-Bit  True  Color 
5  Bits  Red,  5  Bits  Green  and  5  Bits  Blue 
8  Bits  Red  and  7  Bits  Green 


:  1:1^2-4  (ADV71S2) 
-»-5  V  CMOS  Monolithic  ConsiruetilS''  '  i 


160-Pin  PQFP  (ADV7150) 
100-Pin  PQFP  (ADV71S2) 

SPEED  GRADES 
170  MHz 
135  MHz 
110  MHz 
85  MHz 


GENERAL  DESCMPTION 

The  ADV7JiS«fABv7.152  (ADV®)  is  a  complete  analog  output, 
Video  RAAtWAC  on  a  single  CMOS  monolithic  chip.  The  part 
is  specifically  designed  for  use  in  the  graphics  systems  of  high 
'  performance,  color  graphics  workstations.  The  ADV7150/ 

\   ADV7 152  integrates  a  number  of  graphic  functions  onto  one 

device  allowing  24-bit  direct  True-Color  operation  at  the  maxi- 
mum screen  update  rate  of  170  MHz.  It  can  also  be  used  in 
other  modes,  including  15-bit  true  color  and  8-bit  pseudo  or 
indexed  color.  Either  the  RED,  GREEN  or  BLUE  input  p&d 
ports  can  be  used  for  pseudo  color. 

Corttimed  on  page  2-893 

R^^TIONAL  BLOCK  I^AGRAiVl 


SYNC 

BLANK  ( 

• 

PUETTE  B 

SELECT 
(PStl,P81) 

D 
A 

B 

RED 

C 
» 
A 

By  ^ 

OREEN  ' 

C 

: 

B 

BLUE 

C 

D  r 

4^ 

7^ 


progpipeMlav  V 
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PALETTE  PRicmmr 


SWtTCHING 
MATRIX  & 
PIXEL 
MASK 


LOADOUT 
SCKIN 
SCKOUT 
PRGCKOUT 


^    VIDEO  CLOCK 
CbNtROL 


PIXEL  MASK 
REG 
I 


RED 
REG 


GREEiN 
REG 


"set  'HEF 

-o-o— 


REFERENCE 
AMPLIFIER 


Ocow 


PA^         »(  I 


<>>n 


BLUE 
REG 


ADDRESS 
REG(A0-7) 


ADV7150/ADV7152* 


MPU  *  PIXEL  PORT 
CONTROL  LOGIC 


MM 


DO -09 

NOTE:  THE  AOV7152  HAS  A  MAXIMUM  MULTIPLEX  RATE  OF  2:1.  HENCE  IT  HAS  48  PIXEL  INPUTS  AS  DtSHNCT  TO  06  ON  THE  ADV7150. 
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ADV  is  a  registeietl  tcademark  of  Analog  Devices,  Inc. 

This4^{(mttQfl^^^M;tP  ^  product  undgr  d^M^jo^ent  Its  characteristics  and  specifications  are  subject  to  change  wjthpHt.n^tice.  - 
Analog  Devices  assumes  np  Qbligatlon  ra9a,rcii[ig;futuife  rpanufacture  unless  otherwise  agreed  to  in  writing. 
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{V„'  =  +5  V;  V,EF  =  +1.235  V;  Rl  =  37.5  ft,  Ci  =  10  pF; 

ADV71 50/ADY71 52  -  SPECIFICATIONS  '^-Sl^^ 


Parameter 

All  VcrsioDs 

Units 

Test  Conditions/Comments 

STATIC  PERFORMANCE 
Resolution  (Each  DAC) 
Accuracy  (Each  DAC) 
Integral  I^ooli^euity 

Di£fetei]m|^BiBe^ty 
Gray  SodbBSST 
Coding 

10 

±1 
±1 

Bits 

LSB  max 

i 

1 

±5 

Binary 

%  Gnqr  Scale  max 

DIGITAL  INPUTS  (ExcIsj^srCLOQK,  CLCXJK) 
Input  High  Voltage,  , 
Input  Low  Voltage,  Vji^ 
Input  Cunent,  1]^  1 
Iiqnit  Cqndtaiice,  Cof 

2 

0.8 

±10 

10 

V  min 

V  max 
|jlA  max 
pFmax 

Vnj  =  0.4  V  or  2.4  V 

>  .It  _ 

CLOCK  INPOTS  (CLOCK,  CLOCK) 
Input  High  Voltage,  V,(^ 
Input  Low  Voltage,  Vj^jl 
Input  Current,  Ij^ 
Input  Capacitance,  Cp^ 

Vaa  -  10 

±10 
10 

V  min 

|jlA  max 
pF  max 

V^  =  0.4Vorm'^^^; 

i 

.  .\u  • 
■  Of 

DIGITAL  OUTPUTS 
Output  High  Voltage,  Vqh 
Output  Low  Voltage,  Vql 
Floating-State  Leakage  Current 
Floating-State  Output  Capacitance 

2.4 
0.4 

20 
20 

V  min  ^ 

V  max 

(lAmax     A  R 

^Llfet^BS 'too  )iA 

'sjtilbex::.  '.■ 

i 

ANALOG  OUTPUTS 
Gray  Scale  Current  Range 

Outpiit  Qiitm^ 
Black  Level  Relative  to  Blank 

17.69 
1  20.40 
*l^7^ 

1.90  '%<S^ 

mA  rain 
mA  max    -  #■ 
mA  miif 
mA  max  ^% 
mA  min  " 
mA  max 
•fiA  rain 

Typically  19.05  mA 
^^caUy  17.62  mA 

Typically  1.44  mA 

Blank  Level  on  RED  OUT,  BLUE  OUT 

Typically  5  pA 

Blank  Level  on  GREEN  OUT 

50 
6.29 

0 
50 

17.22 

< 

J 

-1 

>1.4 
100 
30 

^jnax 
mA  min 

m  A  max       '  ' 

Typically  7.62  mA 

Sync  Level  on  GREEN  OtnT^  \ 

LSB  Size 
DAC-to-DAQ  Matchii^ 
Output  Cirat^liaaee,  Vg^  j 

OuQiut  Impedance,  Rout 
Output  Capacitance,  Coirr 

r — 

L.  - 

flA  mm 

ii.A  max 
M-A  typ 
%  max 

V  min 

V  max 
Mltyp 
pF  max 

Typically  5  |iA 

Typically  2% 

lour     0  '"A 

VOLTAGE  REFERENCE 
Voltage  Reference  Range,  Vkep 
Iiqnit  Current,  Ivkbp 

1.14/1.26 

-5 

V  min/V  max 
mA  typ 

Vref  =  1-235  V  for  Specified  Performance 

POWER  BEQUIREMENTS 

Iaa 

Power  Supply  Rejection  Ratio 
Power  Dissipation 

e 

J 

500 
0.5 
2500 

V  nom 
mA  max 
%/%  max 
mW  max 

170  MHz  Parts 
Typically  0.12%/%:  f  = 
170  MHz  Parts:  V^^  = 

1  kHz,  COMP 
5  V 

=  0.1  |iF 

DYNAMIC  PERFORMANCE 
Clock  and  Data  Feedllinnigli^'  * 
GUtch  Impulse 
DAC-to-DAC  Cro«>Bi|k' 

-30 
50 

dB  typ 
pV  sees  typ 
(ffltyp 

NOTES 

^±5%  for  all  versions. 

^Temperature  range  CTmjn  to  T^ax);       to  +70''C. 

^Clock  and  data  feedthrough  is  a  function  of  the  amount  of  overshoot  and  undershooi  on  the  digital  inputs.  Glitch  impulse  includes  clock  and  data  feedthrough. 
^TTL  input  values  are  0  to  3  volts,  with  input  rise/&U  times  ^3  ns,  me^ived  the  10%  and  90%  points.  Timing  reference  points  at  50%  for  inputs  and  outputs. 
^DAC-to-DAC  crosstalk  is  measured  by  holding  one  DAC  high  while  llie  other  two  are  ""^"g  low  to  high  and  high  to  low  transidons. 
Specifications  subject  to  change  without  notice.  /-^r-.i     -.t    i^^-.  _..>■ 

This  infortnatidn  applies  to  a  produdt  under  development.  Its  characteristics  and  specifications  are  subject  to  dnitfliPIMinoutjtiinice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing,    'fusae  y 
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TIMING  CHARACTERISTICS'  tI«>t»  ,*  unless  otbeiwise  noted.) 


1  (Vm^  =  +5  V;      =  +1.235  V;     =  37.5  il,  Cl  =  10  pF;  Rsn  =  280  a.  All  specifications 


Parameter 


170  MHz 
Version 


135  MHz 
Version 


110  MHz 
Version 


85  MHz 
Version 


Units 


Conditions/Conunents 


'max 

LOADOUT 

1:1  MUX  Mode 
Frequency 
Period 

High  Time 
Low  Time 

2:1  MUX  Mode 
Frequency 
Period 
High  Time 
Low  Time 

4:1  MUX  Mode 
Frequency 
Period 
High  Time 
Low  Time 


170 


68 

14.71 

6 

6 

68 

14.71 

6 

6 

42.5 
23.5 
10 
10 


135 


68 

14.71 

6 

6 

68 

14.81 

6 

6 

33.75 
30 
12 
12 


110 


68 

14.71 

6 

6 

55 

18.18 
8 


27.5 
36.4 
14.5 
14.5 


85 


68 

14.71 

6 

6 

42.5 
21.25 
8.5 
8.5 

21.25 
47 
18.8 
18.8 


MHz 


MHz 
ns  max 
ns  min 
ns  min 

MHz 
ns  max 
ns  min 
ns  min 

MHz 
ns  max 
ns  min 
nsmin 


QockRate 


LOADOUT  Clocking  Rate 
LOADOUT  Period 
LOADOUT  High  Time 
LOADOUT  Low  Time 

LOADOUT  Clocking  Rate- 
LOADOUT  Period 
LOADOUT  High  Time 
LOADOUT  Low  Time 

LOADOUT  Clocking  Rate 
LOADOUT  Period 
LOADOUT  High  Time 
LOADOUT  Low  Time 


U 


15 

15 

5 

0 

5 


15 

15 

5 

0 

5 


15 

15 

5 

0 

5 


15 
15 
5 

0 

5 


ns  max 
ns  max 
ns  min 
ns  min 
ns  min 


Pixel  CLOCK  to  LOADOUT  Delay 
Pixel  CLOCK  to  PRGCKOUT  Delay 
LOADIN  to  LOADOUT  Setup  Time 
Video  and  Pixel  Data  Setup  Time 
Video  and  Pixel  Data  Hold  Time 


ns  max 


U 
tio 

tl2* 


-2.5 
2.5 
12 
2 
6 


.7,4 

•.  -3  : 
'3  •■ 

'ir 
2 

8 


SCKIN  to  SCKOUT  Delay 


9.09 

4 

4- 

12 

2 

8 


11.77 

5 

5 

12 

3 

12 


ns  mm 
ns  min 
ns  niBi 
ns  min 
ns  min 
ns  min 


Qock  Cycle  Time- 
Qock  Pulse  Width  IQ^  Tine 
Qock  P«Jse  ^Snddi  iWfiBK 
Analog  Output  Dday 
Analog  Output  Rise/Fall  Time 
Analog  Output  Settling  Time 


tl4 
tl5 

tie 

ti7' 


t20 

tzi 


0 

15 

50 

25 

5 

50 

20 
5 


0 

15 

50 

25 

5 

56 
15 
5 

m 
5 


0 

15 
50 
25 
5 

50 
15 

5" 
20 
5 


0 

15 

50 

25 

5 

50 
15 
5 

20 
5 


ns  nun 
ns  min 
ns  min 
ns  min 
ns  min 
ns  max 
ns  max 
ns-Doin 
ns  min 
ns  min ' 


R/W,  CO,  Cl  Setup  Time 
R/W,  CO,  Cl  Hold  Time 
CE  Low  Time 
CE  High  Time 

CE  Asserted  to  Data  Bus  Driven 

CE  Asserted  to  Data  Valid 

CE  Disabled  to  Data  Bus  l]iree  Stated 

Write  Data  Setup  Time 
Write  Data  Hold  Time   


tpD 


ns  max 
ns  typ 


Analog  Output  S&w 
;j^)eliae  Delay  ■ 


I  insnt  M^M  tiaa  ^  3  ns,  meanii«d 
;  10  jlF,  D0-D7  onlpia  load  £  SO  pF.  See  timii^ 


NOTES 

'TTL  input  ndw 
outputs.  Analog  0ilt0ilt^ 

^±5%  for  all  versions. 

''Temperature  range  CT^m  to  T„^x);  +  70°C. 

^Settling  time  does  not  include  clock  and  data  feedthrough. 

^7  and  tig  are  measured  with  the  load  circuit  of  Figure  1  and  are  defined  as  the 

is  derived  from  the  measured  time  taken  by  the  data  outputs  to  change  by  O.S 
atn^niaied  bad:  id  lemove  die  efkcts  of  chaigiiig  the  SO  pF  capacitor.  This  ma 
the  derioe  and  at  sncb  is  indepeadeu  of  exicnial  bin  laadiiig  capadtmces. 


awem  the  10%  and  90%  paints.  Timing 
aflW  iiKSiasesiSb'.  .i,.:,<  ja.,.-- 


reference  points  at  S0%  for  ii^iMs  and 


ViriKak«dediraih  Ac  dicuitcf  Figure  1.  The  meanncd  numbeir  is  then 
IBS  that  the  time,  t„,  quoted  in  du  timmg  characteristics  is  die  true  value  fiir 


This  tn^nnatiQrt9Jvlt«s  produt^t  Mndfar  doy^opment  Its  characteiistics^.specnii^a^iis  are  stibiectto.chan8e  vnthoMt  notics. 
Analog  Devices  assumes  no  obllgah'otvr^fudii^  futi4re  nrianufat^re  unle^^ 
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n 


. .  an 
■•li  ar 


F/0ure  f.  Lo^^jClrcuit  for  Bus  Access  and  Relinquish  Time 
TIMING  WAVEFORMS 

LOADOUT 

(2: 


_mnjijnjnj~-i» -T_n_ri_ri_r 


"L 


scKouT    n  n 


f 


n_r 


END  OF  SCAN  LINE 
(N) 


Figure  4.  Video  Data  Serial  Qoek  l^ffdt 
Clocl<  Output  (SCKOUT)  ,  ^.  ^ , 


START  OF  SCAN  UNE 
(N*1) 


'M  ys.  Serial 


REDOUT 
ANALOG  JenEENOUT 
OUTPUTS  S  BLUE  OUT 
LL 


PROGCKOUT    I  1  1 — .^im.  ^^E™"^™"^"^ 

(»4,-fe,«is,-   I     .  .  I        m  ^^■"'smoNTOTHi 


lASURED  FROM  THE  50%  POINT  OF  THERISING 
TO  THE       POINT  OF  FULL«CAU  TRANSITION. 
MEASURES  FROM  504i  POINT  OF  FULL-SCALE 
TO  THE  OUTPUT  REMAINING  WriHINtlLSB. 
3.  OUTPUT  RISBFAU  TIME  MEHSURED  BETWEEN  THE  10%  AND  90% 
P9INTS  OFFULL-S(VV£  TllilNSmDN. 


Figure  2.  Video  Output  Clock  Controls  vs.  Pixel  Clock  Input 


Figure  5.  Analog  Outputs  ysi  i  Pixel  Gloek 


LOADIN 


PIXEL  DATA*,  _^  t, 
PALETTE 
SELECTS, 


SYNC,  BLANK 

*PIXEL  DATA  INCLUDES  THE  RED,  GREEN  AND  BLUE  PIXEL  PORTS  (A  -  D) 


ce;.ci 


Figure  3.  LOADOUT  Timing  vs.  LOADIN  and  Pixel  Data 

itait.ui*  .,,1  vKa 


Figure  6.  MPU  Port  Read/Write  Timing 


This  ihfortifatron  applies  to  a  product  under  development.  Its  characteristics  and  Specifications  are  subject  to  i«l||i'(liP®»W«tice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  In  writing.     ••'^  *93i> ^ 
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RECOMMENDED  OPERATING  CONDITIONS 


Parameter 

SymM 

Min 

Typ 

Max 

Units 

Power  Supply 

4.75 

5.00 

5.25 

Volts 

Ambient  Operating  Teuipeatim 

0 

+70 

"C  - 

Reference  Voltage         ■  ':  I 

1.14 

1.235 

1.26 

Vohs 

Output  JLm«1  (- 

Ri. 

37.5  . 

n 

'  Hastic  C 


i^OLtlfEMAXIMlJjH'RA-pNGS*  ^' 

^r^^to<M>    fv 

Voltage.^'kiy         1^  >  . .  I . .  GND-6^S  V  to  Vjj^+OS  \ 
Ambient  O^enuiiig  Teiiq|«(«»i«  (Ta)  ■  ■  ■  i  .  -SS°C  to 

Storage  Tnqpeitone  (J^i . . «  ■  ,'-65°C  to 

Junction Temperatuie :  ...^ . . .  +175X 

Lead  Temperature  (Sald^dw>  W)  aecs)  . . .  C  '. ......  +3(xk; 

Vqxir  Phase  Soldering  (2'kim^»)   :  +220°C 

lOR,  106,  lOB  to  GNI^  '.  .  '.  .  -1.5  V  to  V^a 

NOTES 

Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  hsted  in  the 
operaliQDal  sections  of  this  specification  is  not  implied.  Exposure 

'Analog  (Atput  alMR  cncnit  to  any  poncr  sttpply  w 

indefinite  duration. 

CAUTION   

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  ilUuS^9|  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subRw^o  l^h  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  ®)nductive  foam  or  shunts.  The  protective  foam 
should  be  discharged  to  the  destination  socket  before  devices  ^^yterted. 

Continued  from  page  2-889 

The  device  consists  of  three,  high  speed,  10-bit,  video  D/A  con- 
verters (RGB),  three  256  x  10  (one  256  x  30)  color  look-up 
tables,  palette  priority  registers,  a  pixel  input  data  multiplexer/ 
serializer  and  a  clock  generator/divider  circuit.  The  ADV7150  is 
capable  of  1;1,  2:1  and  4:1  multiplexing  while  the  ADV7152 
implements  1:1  and  2:1  multiplexing.  The  on-board  palette 
priority  select  registers  enable  multiple  palette  devices  to  be 
connected  together  for  use  in  multipalette  and  window  applica- 
tions. The  part  is  controlled  (i.e.,  mode  selection  and  multiplex 
selection)  through  the  MPU  port  by  the  various  on-board  con- 
trol/command registers.  The  part  also  contains  a  number  of 
on-board  test  registers,  associated  with  self  diagnostic  testing  of 
the  device. 

The  individual  red,  green  and  blue  pixel  input  ports  allow  true- 
color,  image  rendition.  True-color  image  rendition,  at  speeds  of 
up  to  170  MHz,  is  achieved  through  the  use  of  the  on-board 
data  multiplexer/serializer.  The  pixel  input  port's  flexibihty 
allows  for  direct  interface  to  most  standard  frame  buffer  mem- 
ory configurations,  indnding  geneial  puqioae  DRAM  and 
VRAM  designs. 

The  30  bits  of  resolution,  associated  with  the  color  look-up  table 
and  triple  10-bit  DAC,  realizes  24-bit  true  color  resolution, 
while  also  allowing  for  the  on  board  implementation  lineariza- 
tion algorithms,  such  as  gamma  correction. 


ORDERING  GUIDE 


Temperature 

No.  of 

Package 

Model 

Speed 

Range 

Pins 

Option* 

ADV715OKS170 

170  MHz 

O'C  to  -i-70''C 

160 

S-160 

ADV7150KSI35 

135  MHz 

O'C  to  +70''C 

160 

S-160 

ADV7150KSII0 

110  MHz 

0°C  to  +70°C 

160 

S-160 

ADV7150KS85 

85  MHz 

O'C  to  -H70°C 

160 

S-160 

ADV7152KSI70 

170  MHz 

0°C  to  +70°C 

100 

S-lOO 

ADV7I52KS135 

135  MHz 

0°C  to  +70°C 

100 

S-lOO 

AD^iKSUO 

•MO  MHz 

0°C  to  -f70''C 

100 

S-100 

ADV7l32KS8|^ 

OXto  -H70°C 

100 

S-lOO 

.  Far^bdine  ii^innaiioD  see  ftckage  Infonna- 


The  on-chip  video  clock  controller  circuit  generates  all  the  inter- 
nal clocking  and  some  additional  external  clocking  signals.  An 
external  ECL  oscillator  with  differential  outputs  is  all  that  is 
required  to  drive  the  CLOCK  and  CLOCK  inputs  of  the 
ADV7150/ADV7I52.  The  part  can  also  be  driven  by  an  oitttnal 
clock  generator  chip  circuit. 

The  ADV71S0/ADV71S2  is  capable  of  genoating  R<W  video 
on^ot  signals  Wiich  are  coo^wtible  mth  RS-343A  and  RS-170 
iddeo  standards,  without  requiring  external  bufToing. 

Test  diagniistic  dtcuitry  has  been  included  to  complement  the 
user's  systim  levd  debugging. 

The  ADV7150/ADV7152  is  fabricated  in  a  +5  V  CMOS  pro- 
cess. Its  monolithic  CMOS  construction  ensures  greater  fimc- 
tionality  with  low  power  dissipation. 

The  ADV7I50  is  packaged  in  a  160-pin  plastic  quad  flatpack 
(PQFP).  The  ADV7152  is  padcaged  in  a  100-pin  plastic ^lad  , 
flatpack  (PQFP). 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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Pin  No. 

-jii^ — '.  

Mnemonic 

Pin  No. 

Mnemonic 

Pin  No. 

Mnemonic 

Pin  No. 

Mnemonic 

I.-,' ■ 

G3a 

41 

PSId 

81 

NC* 

m 

RIa 

2 

G3b 

42 

BOa 

82 

D2 

122 

RIb 

3. 

G3c 

43 

BOb 

83 

NC* 

123 

Ric 

4 

G3n 

44 

BOc 

84 

NC* 

124 

RId 

5 

45 

BOd 

85 

GND 

125 

R2a 

6 

G4b 

46 

BIa 

86 

GND 

126 

R2b 

7 

G4c 

47 

BIb 

87 

D3 

127 

R2c 

8 

G4d 

48 

Blc 

88 

D4 

128 

R2d 

9 

G5a 

49 

BId 

89 

D5 

129 

R3a 

10 

G5b 

50 

B2a 

90 

Vaa 

130 

R3b 

11 

G5c 

51 

B2b 

91 

D6 

131 

R3c 

12 
13 

G5b 
CLKIN 

52 
53 

B2c 
B2d  ' 

92 
93 

D7 

D8^ 

,^132 

"'"'m,'1^," 

R3d 

R4a  ; 

14 

CLKIN 

54  -  " 

B3a 

94 

134 

R4b      ,  - 

15 

LOADIN 

55 

B3b 

95  0 

135 

R4c 

16 

LOADOUT 

56 

B3c 

96 

GND 

136 

R4d 

17 

Vaa 

57 

B3o 

97 

GND 

137 

R5a 

18  ^_ 

Vaa 

58  ,- 

, .  B4a 

98 

IOB 

138 

R5^ 

"  B 

19 

PRGCKOUT 

59 

B4b 

99 

*IOG 

139 

R5c 

20 

SCKIN 

60 

B4c 

100 

140 

R5r, 

21 
22 

SCKOUT 
GND 

61 
62 

'  B4d 
B5a 

101 
102 

IOB 
lOG 

141 
142 

R6a 
R6b 

23 

GND 

63 

B5b 

103 

Vaa 

143 

R6c 

24* 

GND 

64 

B5c 

104 

Vaa 

144 

R6d 

25-  • 

G^fD 

65 

B5d 

105 

Vaa 

145 

R7a 

26 

G6a 

66 

B6a 

'  106 

lOR 

146  .  - 

.     R7b.-^.  . 

27 

G6b 

:  .  67 

B6a 

107  - 

COMP 

R7c~;  T 

28 

G6c 

68 

B6c 

108 

Vref 

R7d 

29 

G6i, 

69 

B6d 

109 

RsET 

GOa  • 

30 

G7a 

70 

B7a 

110 

150 

GOb 

31 

G7b 

71 

B7b 

111 

GND 

151 

GOc 

32 

G7c 

72 

B7c 

112 

Vaa 

152 

GOd 

33 

73 

B7d 

113 

Vaa 

153 

GIa 

3* 

PSOa- 

74 

114 

Vaa 

154 

GIb 

35 

PSOb 

75 

R/W 

115 

SYNC 

155 

Glc 

36 

PSOc 

76 

CO 

116 

BLANK 

156 

Glr, 

37 

PSOd 

77 

CI 

117 

ROa 

157 

G2a   .  a 

38 

PSIa 

78 

DO 

118 

ROb 

158 

G2b 

39 

PSIb 

79 

Dl 

119 

ROc 

159 

G2c 

40 

PSlc 

80 

NC* 

120 

ROd  . 

160 

G2i, 

*NC  =  NO  CONNECT.    i=  '  ,     -j       ■  .  - 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  t^ 
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Pin  No. 

Mnemonic 

Pin  No. 

Mnemonic 

Pin 

1 

SYNC 

41 

SCKOUT 

81 

2 

BLANK 

42 

GND 

82 

3 

ROa 

43 

GND 

83 

+  ■ 

ROb 

44 

GND 

84 

5 

GND 

45 

GND 

85 

6 

RIa 

46 

GND 

86 

7 

RIb 

47 

G6a 

87 

8 

R2a 

48 

G6b 

88 

9 

R2b 

49 

G7a 

89 

10 

R3a 

50 

G7b 

90 

11 

R3b 

51 

PSOa 

91 

12 

R4a 

52 

PSOb 

92 

13 

R4b 

53 

PSIa 

93 

14 

R5a 

54 

PSIb 

94 

15 

R5b 

55 

BOa 

95 

16 

R6» 

56 

BOb 

96 

17 

R6b 

57 

BIa 

18 

58 

BIb 

19 

R7b 

"59 

B2^^ 

1^9 

20 
21 

GOa 
GOb 

'fei'  ■ 

61 

100 

22 

GIa 

62 

B3b 

23 

GIb 

63 

B4a 

24 

G2a  „^ 

64 

B4b 

25 

G2b 

65 

B5a, 

26 

NC* 

66 

B5b 

27 

G3a 

67 

B6a 

28 

G3b 

68 

B6b 

29 

G4a 

69 

B7a 

30 

G4b 

70 

B7b 

31 

G5a 

71 

^ 

32 

G5b 

72 

R/W 

33  - 

CLOCK 

73 

CI 

34 

CLOCK 

74 

CO 

35 

LOADIN 

75 

DO 

36 

LOADOUT 

76 

Dl 

37 

Vaa 

77 

D2 

38 

Vaa 

78 

GND 

39 

PRGCKOUT 

79 

D3 

40 

SCKIN 

80  . 

*NC  =  NO  CONNECT. 

.       V  it  oj  0  «r  '' 
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D5 

Vaa 

D6 

D7 

D8  ;  . 

D9  '  ' 
GND 
GND 
lOB 
iOR 
lOG 
lOB  i 
ICG 
Vaa 
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Pm  DESCRIFnON 


Pin 


Function 


RED  (R0a-R0d/R7a-R7d), 
GREEN  (G0a-G0d/G7a-G7d), 
BLUE  (B0A-B0r,/p,7A-B7D) 
PS0,-PSO„.PSl|ife^MkMAi, 


LOADIN,  LOADOUT,  PRGCKOUT 
SCKIN,  SCKOUT 


CLOCK,.CLOCK 


BLANK 


mm 


CE,  R/W,  CO,  CI 


IOR||@©|IGit 

^O^' «5K  p  -' 


VrefI 
Rset' 

COMP 


a  WOT: 


Pixel  Port:  96  pixel  select  inputs,  8  bits  for  red,  green  and  blue.  Each  bit  is  multiplexed 
(A-D)*4:l,  2^i0i  ld,j)|(iilri>aKaieiTtLfiaOHMeJ  u 

rr: • 

Palette  Priority  Sitet  Ittpms:  These  inputs  allowf  foriswitching  between  multiple  palette 
devices  at  the  pixel  rate.  The  device  can  be  preprogrammed  to  completely  shut  off  the  DAC„ 
analog  0/Ps.  If  the  values  of  PSO  and  PSl  match  the  values  programmed  into  bits  MR16 
and  MR17  of  the  Mode  Register,  then  the  device  is  selected.  Each  bit  is  multiplexed 
(A-D)*  4:1,  2:1  or  1:1.  All  inputs  are  TTL  compatible. 

Video  Data  Control  Inputs/Outputs:  These  inputs/outputs  are  li^'  to  load  pixel  data  and, 
optionally,  to  control  external  video  fcune  buffer  timing  and  co&te^  ^odironizatioii. 
Clock  Inputs:  These  difinential  clock  inputs  are  designed  to  b^M^  if  W^'^Spe 
configural  for  single  sapj^y  ^+5  V)  ojietation.  The  db^  rate  i^^^^M^lte  |^  <daclc  ' 
rate  of  the  system.  v  i 

Composite  Blank:  Drives  the  analog  outputs  to  the  blanking  level.  , .  ' 

Composite  Sync  Input:  Drives  the  lOG  analog  output' <|  the  syo^        It  eaa«$bly  be 
asserted  during  the  blanking  period.  .^<«%^M| 

%f'%yic^  over  this  10-bit,  bidirectional 
^Ke  databus  can  be  configured  for  either 


Data  Bus:  Data  is  written  to  and  is  read 
databus.  10-bit  data  or  8-bit  dal 
jO-iit  parallel  data  or  byte 

Coinrol  Inputs:  Th||^»i^U|pM  the  mjtiiMad^pidmg  from  the  address:  reg,  color.', 
palette,  pt^^e^lec^^^^^node re^0t,^c. ,  of  the  device. 
Analog  ViiKCarrenf  Outputs  (DiSf?^p^Pil)uts):  These  RGB  video  outputs  are 
capable  pf&ectly  driving  RS-343A  ajdnlS-iyO  video  levels  into  doubly  terminated,  75  CI 
,  ao«ls^KS,''P5G  ami  ®faa«a>e-iied'  to  GH&  if  it  is  not  isMjuiied  jK>  Ime  (iflfet^M 

An  ULlM|^  l^p  ♦  voltage  referencel^  ^^^fc^  IB- iM^ 
D^^ym-tUSal  voltage  refer&ce)  is  i 

ist^Jo* . 


GND:, 


1 

input.  Th^elTan  AI 
Output  Full-Scale  Adjust  ( 


A  resistor  cormected  between  this  pin  and  analog  ground' ' 


controls  the  absolute  amplimde  of  the  output  video  signal.  To  maintain  RS-343A  video 
output  levels,  Rset  =  280  n. 

Compensation  Pin:  A  0.1  p.F  capacitor  should  be  connected  between  this  pin  and  V^a. 
Phase  Lock  Loop  Output  Current:  This  is  used  to  enable  multipfe  AlJV715Q/ABV7152s 
along  with  ADV7151s  to  be  synchronized  with  pixel  resolution.  '  ^ 
Power  Supply  (+5  V  ±  5%):  The  part  contains  multiple  power  supply  ^tt^^tiioiild  be 
connected  to  one  common -f  5  V  analog  power  sup^r;  ^i;  ;  .,i  ' 

Analog  Ground:  The  part  contains  multiple  gKmnd        all  skii^te  ^Sim^C^'fo'one 
common  analog  ground.  !  '■  ' 


*The  Ai)V71S2  has  only  bits  A-B  (2:1  md  1:1  mqltvleidBg). 

COLOR  VIDEO  MODES  (PIXEL  PORT) 
24-BIT  TRUE  COLOR 

This  mode  is  selected  by  writing  to  Command  Register  2.  In 
this  mode  24-bit  true  color  images  can  be  generated  on  screen  at 
video  rates  of  up  to  170  MHz.  A  24-bit  pixel  word  is  latched  at 
the  pixel  clock  rate  to  the  RAM  and  out  to  the  RGB  DACs. 

15-BIT  TRUE  COLOR 

The  ADV7150/ADV7152  can  be  programmed  to  run  in  15-bit 
true-color  mode.  There  are  two  15-bit  true-color  modes;  the  first 
mode  uses  the  red,  green  and  blue  pixel  ports  while  the  second 
mode  tises  only  the  red  and  green  pixel  ports.  Command  Regis- 
ter 2  s^  Ike  } 


15-Bit  True  Color  (Mode  1) 

When  this  mode  is  set,  15  bits  of  video  data  are  latched  to  the 
device  over  the  upper  five  bits  of  each  of  the  RED  (R7-R3), 
GREEN  (G7-G3)  and  BLUE  (B7-B3)  pixel  ports  (see  Figure  7). 
The  lower  3  bits  are  ignored.  Internally  this  data  is  shifted  to 
the  lower  5  bits  of  the  LUT  decode  register,  therefore  address- 
ing locations  0  to  32  of  the  look-up  table.  Each  of  these  32 
addressed  locations  for  the  red,  green  and  blue  channels  can 
contain  an  8-  or  10-bit  color  value,  whidi  is  latdied  to  each  of 
the  three  DACs. 

15-Bit  True  Color  (Mode  2) 

When  this  mode  is  set,  15  bits  of  video  data  are  latched  to  the 
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GREEN  (G6-G0)  pixel  ports  (see  Figure  8  ).  G7  and  the  data  on 
the  BLUE  (B7-B0)  pixel  port  is  ignored.  Internally,  this  data  is 
shifted  to  the  lower  5  bits  of  the  red,  green  and  blue  LUT 
decode  registers,  therefore  addressing  locations  0  to  32  of  the 
look-up  table.  Each  of  these  32  addressed  locations  for  the  red, 
green  and  blue  channels  can  contain  an  8-  or  10-lnt  color  vahie' 
which  is  latched  to  each  of  the  three  DACs. 

S-BIT  PSEUDO  COLOR 

This  mode  is  again  selected  by  writing  to  Command  Rcj^lner  2. 
In  this  mode  8-bit  pseudo  color  images  can  be  generated  oil 


screen  at  ^rideo  raKs  of  up  to  170  MHz.  256  colors  can  be  dis- 
played out  of  a  total  coke  palette  of  16.7  million  addressable 
colors.  , ■  ^ 

This  mode  has  Acee  further  submodes.  The  taxd  mfOt  data  can 
be  encoded  onn>  either  the  RED,  GREEN  or  BLUE  iiqmt  pizd 
scieaiu* 

SUBMODE  a:  8-bit  pseudo  color  on  RED 
SUBMODE  b:  8-bit  pseudo  color  on  GREEN 
SUBMODE  c:  8-hit  pseudo  color  on  BLUE 


256x10 

RAM 

(RED  LUT) 

LOCATION  "31" 

lOy^ 

TO 

LOCATION  "0" 

RED 

256x10 
RAH 
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Loei«noN-3i 


LOCATION  "0" 


IMTA.PM 


AOVTISW  DATA 
AOV71S2  LATCHED 
TO 
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DATA  DATA  LATCHES 

■NTEmULLY  nR8T32 
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T05LS88  OFRAM 
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4^ 
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RAM 
(RED  LUT) 
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LOCATION  "0" 


256x10 
RAM 
(GREEN  LUT) 


L(X;ATI0N"31' 


LOCATION  "0" 


256x10 
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(BLUE  LUT) 


LOCATION  "31' 


LOCATION  "0" 


DATA  DATA  LATCHES 

iNTERNAUY'  nwrsi 

SHIFTED  LOnmONS 

T05LSBS  OFRAM 
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TO 
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Figure  7.  15-Bit  True-Color  Mapping  Using  Red,  Green 
and  Blue  Pixel  Ports  (Mode  1) 


Figure  8.  15-Bit  True-Color  Mapfui^  Using  Red  and  Green 
Pixel  Ports  (Mode  2) 
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MFU  INTERFACE  &  CONTROL 

The  ADV7150/ADV7152  supports  a  standard  MPU  Interface. 
All  the  functions  of  the  part  are  controlled  via  this  MPU  port. 
Direct  access  is  gained  to  the  address  register,  mode  register  and 

,;>..    Ill  ..-  ■ ' '  ja  TO  iraSJiO  .OSS  a&i  radJl-. 

Table  I.  Interface  Truth  Table  (A) 


all  the  control  registers  as  well  as  the  color  palette.  The  folknr-  ; 
ing  tables  describe  the  setup  for  reading  and  writing  to  all  of  the . 
devices  registers.  .       ,  .  ., 


R/W 


CI  CO 


1  0 


1  0 


D9-D0 


DB7-DB0 
DB7-DB0 

DB9-DB0 
DB9-DB0 
DB9-DB0 


DB7-DB0 

DB7-DB0 

DB7-DB0 

DB9-DB0 

DB9-DB0 

DB9-DB0 


DB7-DB0 


Action* 


Write  DB7-DB0  to  Address  Register  (A7-A0) 
Write  DB7-DB0  to  Mode  Register  (MR7-MR0) 

Write  DB9-DB0  to  Red  RAM  Latch 
Write  DB9-DB0  to  Green  RAM  Latch 
Write  DB9-DB0  to  Blue  RAM  Latch  & 
Write  RGD  Data  to  RAM  (^tion  A7-A0  & 
Address  Register  =  Address  fillister  +  1 

Write  to  Register  (A2-A0)^ 

Read  Address  Register  (A7-A0)  f 

Read  Mode  Register  (MRl  7-MRl^) 

Read  Red  RAM  Location' A7-A0 

Read  Green  RAM  Location  A7-A0 

Read  Blue  Ram  Location  A7-A0 

Address  Re^ster  =  Address  Register  +  1  — ' 

Read  Register  (A2-A0)^ 


'10-bit  wide  databus,  i.e.,  MRU 
10-bit  wide  databus,  i.e.,  MRU 
8-bit  wide  databuS; 

%efer  to  Table 


"1"  and  10- bit  RAM  &  DACs,  i.e.,  MRU 
"1"  and  8-Bit  M\^D^s^.e.,  MRU  = 
'  nni  B  fflfcf  afc  ^pfflfri  I.e.,  t^^l 


=  "1" 
"0" 
"0." 


RAV      01  CO  D7- 


1  0 


1  0 


DB7-DB0 
DB7-DB0 

DB9-DB2 
DBl-DBO 
DB9-DB2 
DBl-DBO 
DB9-DB2 
DBl-DBO 


DB7-DB0 

DB7-DB0 
DB7-DB0 

DB9;J>B2 
DBl-DBO 
DB9-DB2 
DBl-DBO 
D^9-DB2 
"fiSl-DBO 


DB7-DB0 


Action 


Write  rW7-DB0 
Write  DB7-DB0 

Write  DB9-DB2 
Write  DBl-DBO 
Write  DB9-DB2 
Write  DBl-DBO 
Write  DB9-DB2 
Write  DBl-DBO 
Write  RGB  Data 
Address  Register 

Write  to  Register 


to  Address  Register  (A7-A0)  i 
to  Mode  Register  (MR7-M^Jt' 

to  Red  RAM  Latch  (9-2)  - 
to  Red  RAM  Latch  (1-0) 
to  Green  RAM  Latch  (9-2) 
to  Green  RAM  Latch  (1-0) 
to  Blue  RAM  Latch  (9-2) 
to  Blue  RAM  Latch  (1-0)  & 
to  RAM  Location  A7-A0  & 
=  Address  Register  -I-  1 

(A2-A0)^ 


Read  Address.I^pter  (A7-A0) 
Read  Mode  R^^  (MR17-MR10)  j 

Read  Red  RAM  ^2)  I^j^c^inr  A7-A0 
Read  Red  RAM'(I-e}  Leeolian  A7-Ao 
Read  Green  RAM  (^2)  Location  A7-A0 
Read  Green  RAM  (1-0)  Location  A7-A0 
Read  Blue  RAM  (9-2)  Location  A7-A0 
Read  Blue  RAM  (1-0)  Location  A7-A0 
Address  Register  =  Address  Register  -I-  1 

Read  Register  (A2-A0)^ 


'8-bit  wide  daObus,  H.r-'Kmii't  "V^aitAlO-Bit  RAM  &  DACt,  Le.,  MRll  =  ' 
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REGISTER  PROGRAMMING 

Direct  writes  and  reads  can  be  made  to  the  address  register  and 
the  mode  register.  The  control  registers,  seven  of  which  are 
hsted  in  the  table,  are  indexed  addressable.  The  first  write  to 
the  control  register  specifies  which  particular  register  is  to  be 
accessed.  " '  '  •  '•  '  ! 

Addiess  R^ter  (ADDR)  A7-A0 
As  illustrated  ia^be  previous  tables,  the  CO  and  CI  control 
inputs,  in  conjunction  with  this  address  register,  specify  which 
control/mode  register  or  color  palette  location  is  accessed  by  the 
MPU  port.  The  address  register  is  8  bits  wide  and  can  be  read 
from  as  well  as  written  to.  When  writing  to  or  reading  from  the 
color  palette  on  a  sequential  basis,  only  the  start  address  needs 
to  be  written.  After  a  red,  green  and  blue  write  sequence,  the 
address  register  is  automatically  incremented. 

Mode  Register  1  (MRl) 

The  mode  register  is  a  10-bit  wide  register.  However,  for  pro- 
gramming purposes  it  may  be  considered  as  an  8-bit  wide 
ngister  (MR18  and  MR19  are  both  reserve^. 

The  dlmm  bdoW  shows  the  vaiiou^djji^^^^tt^fef 'ffie  fen- 


MODE  REGISTER  (MRl)  BIT  DESCRIPTION 
Reset  Control  (MRIO) 

This  bit  is  used  to  reset  the  pixel  port  sampling  sequence.  This 
ensures  that  the  pixel  sequence  ABCD  starts  at  A.  It  is  resei  by 
writing  a  1  followed  by  a  zero  followed  by  a  1 . 

RAM-DAC  Resohition  Control  (MRU)  " 
When  this  is  programmed  with  a  1,  the  RAM  is  30  bits  deq> 
(10  bits  each  for  red,  green  and  blue),  and  each  of  the  three  ' 
DACs  is  configured  for  10-bit  resolution. 

When  MRl  1  is  programmed  with  a  0,  the  RAM  is  24  bits  deep 
(8  bits  each  for  i^.  green^and  blue)^  and  .te  DAOs  are  can%- 
uied-iisr  8-bit  resolution.  Ihe  two  ISBs  of  the  lO-Ut  DACs  are 
pulled  down  to  zero. 

MPU  Dau  Bus  Width  (MRU) 

This  hit  detennines  the  width  of  the  MPU  port.  It  is  configured 
IS  eiUKr  a  10-bi^ik  (D9-D0)  or  8-bit  wide  (D7-D0)  bus. 
KMnt  data  jv^ielwten  to  &s  device  >^)en  configured  8-bit 
n^M^s  «ie  firat  nri^  on  D7-D0,  l^ 
?'Witten  ofa  Dl-PO.  Bits  D9-D8  are  zeros  in 

Operational  Mode  Control  (Test/Normal)  (MR14-MR13) 

When  these  bits  are  zero,  the  part  operates  in  normal  mode.  All 
other  combinations  are  used  in  conjunction  with  the  device's 
various  test/diagnostic  modes  (see  Test  Diagnostics  section). 

Palette  Select  Match  Bits  Control  (MR17-MR16) 
These  bits  allow  multiple  palette  devices  to  work  together. 
When  PSl-PSO  match  MR17-MR16,  the  device  is  selected  (see 

Palette  Priority  Select  Inputs  section). 


^^^^^ 

(mR17 

MRie) 

(^MR14 

MR13^ 

;^MR12) 

(mrii) 

(mrio) 

RESERVED 


RESERVED 


PALETTE  SELECT 
MATCH  BITS  CONTROL 

MR16 

PSp 

  MR17 

PS1 

1 — 


MPU  DATA  BUS 

WIDTH 

MR12 

0 

S-BIT  (D7-D0) 

1 

10-BIT  (D9-D0) 

OPERATIONAL  MOI^  CONTROL 
(TEST/NOmtM.) 

MR14  MR13 

0  0 

0  1 

1  .  0 
"fl  .  1 

■  -i 

NORNIAL  OPERATION 
FAST  TRIGGER  TEST  (R7) 
RAM/FAST  PORT  TEST 
DACT^      -        --  ^ 

j                       :■  r---       1  r. 

RAM^AC 

RESOLUTION  CONTROL 

MRU 

0 

8-BIT 

1 

'res^cowtrol 

MRIO 

IS 
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CONTROL  REGISTERS 

The  ADV7150/ADV7152  has  seven  control  registers.  To  access  . 
each  raster,  two  write  operations  must  be  performed.  The  fust 
write  to  the  address  register  specifies  which  of  the  seven  regis- 
ters is  to  be  accessed.  The  second  access  detemuDes  the  value 
written  to  that  particular  control  register. 

Table  III  lists  the  various  control  registers  and  their  respective 


Table  m.  Control  Registers  Descriptions 

ADDR  Register 

Control  Registers*  (A2-A0) 

OOH 

OIH 

02H 

03H 

04H 

OSH  • 

06H'  ' 

07H  A 

Pixel  Test  Register 
DAC  Test  Register 

SYNC,  BLANK  and  IpLl  Test  Register 
ID  Register  (Read  Only) 
Pixel  Mask  Register 
Reserved 

•Cl  =  1;  CO  =  0. 
Pixel  Test  Register 
This  register  is  used  when  the  device  is  in  test/diagnostic  moi 
It  is  an  8-bit  wide  read-only  register  which  allows  MPU^ce! 
to  the  pixel  port  (see  Test  Diagnostics  section),  ^g^^ 


DAC  Test  Reg^ter 

Utis  regiifter  is  when  the  device  ^  in  test/diagnceitic  ii^gde.  c 
It  is  a  ib-ik  wide  read/write  register  which ^ows  MFU  access  .- 
to  the  DAC  port  (see  Test  Diagnostics  sectipn).  ,;| 


SYNC,  BLANK  &  Ipi,!,  Test  Register:  .  v  , 

This  register  is  used  when  the  device  is  in  test/diagnostic  mode. 
It  is  a  3-bit  wide  (3  LSBs)  read/write  register  whidi  allows  MPU 
access  to  these  particular  pixel  control  bits  (see  Test  Diagnostics 
section). 

ID  Register 

This  is  an  8-bit  wide  read-only  register.  For  the  ADV7150,  it 
will  always  return  the  hexadecimal  value  8EH  and  for  the 
ADV7152,  8CH  wffl  be  returned. 

Pixel  Mask  Register 

The  contents  of  the  pixel  read  mask  register  are  individually  bit- 
wise logically  ANDed  with  the  red,  green  and  blue  pixel  input 
stream  of  data.  It  is  an  8-1|it  read/write  register  with  DO  corre- 
sponding to  RO,  t 


!  S  number  of  control  bits  as  shown  in  the 
lO-Wt  wide  register.  However,  for  program- 
liases,  it  may  %  considered  as  an  8-bit  wide  register 
I  and  CR29  are  both  reserved). 

The  diagram  below  shows  the  various  operations  under  the  con- 
trol of  GR2.  This  register  can  be  read  from  as  well  written  to. 
In  read  mode,  CR28  and  CR29  are  both  returned  as  zeros. 


Vti,...L 


(8^3)  (CR22)  (CR2l)  (CR20) 
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CONTROL 

CR23 

i  0  ' 
"  1  1  ■ 

oi're 
r^iRE 

SYNC  RECOGNITION 
CONTROL 


CR22 


IGNORE 


TRUECOkOR/PSEUDO  COLOR  MODEGONTRqi 

CRzr  enze  cr24 

MODE 

0     Q     X '    X  ; 

0  1    '  X      X  ^ 

1  0        X  X 

1 0 

1        1      :  0  :i'  t 
1        1        1~  X 

•■BIT  PSEUDO  COLOR  ON  R7-R0 
»-BIT  PSEUDO  COLOR  ON  QT^ 
8-BIT  PSEUDO  COLOR  ON  B7.B0 
IS-BITTRUE  COLOR  ON 

R7-R3,  G7-G3,  B7-B3  T 
15-BITTRUE  COLOR  ON 

R7-R0,  G6-G0 
24-BIT  TRUE  COLOR 

R7-R0,  G7-G0,  B7-B0 

IPLL  TRIGGER 
CONTROL 

CR21 

0 

SYNC 

1 

BLANK 

R7  TRIGGER 
POLARITY  CONTROL 

CR20 

0 

_r 

^    1  _j 

Command  Register  2  (CR2j 

This  inforrnationigpplres  taia,'produel^umler:<d»<e|epmem.  Its  characteristics  and  specifications.ai^  subject  tOE^Iiai^jWithout  notica- 
Analog  Devices  ^sume^nEristili(MM«aQar4M#AilM  iA.M-itO  ;jui 
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COMMAND  REGISTER  2  (CR2)  BIT  DESCRIFnON 

IDTiigpvFalaii^Caatni(CR20)        .  '   - 

TO»  bit  a  used  ■whm  die        i»  in  j^i^Hywiir  ttwde. 
It  <let«iiiDes  irtietiter  die  iiii^  dsn  is  todie^^Elo-tie  test 
registers  in  the  ridng  or  ftUing  edge  of  R7  (see  test  diagnostics 
section). 

Inx  Trigger  Control  ((3(21) 

This  bit  specifies  whether  the  PLL  output  is  triggered  from 
BLANK  or  SYNC. 


SYNC  Recognition  Control  (CR22)  

This  bit  specifies  whether  the  video  SYNC  input  is  to  be 
encoded  onto  the  ^(j)G  analog  output  or  ignored. 

This  bit  qxdfies  whether  a  p  IRE  or  a  7,S  IRE  tdanldng  pedes- 
tal is  to  be  generated  on  di^  video  outputs^ 

HmeiCdai/PMiido-Coler  Mode  Control  (CR27-CR24) 
These  4  bits  agpedfy  the  vadous  color  modes.  These  h^ude  a 
24-bit  true-color  mode,  two  IS-btt  tnii^^  n^tdes  and  three 
8-bit  pseudo  color  modes. 

Command  Register  3  (CR3) 

This  register  contains  a  number  of  control  bits  as  show 


CR39  CR38 


diagram.  CR3  is  a  10-bit  wide  register.  However,  for  program- 
ming purposes,  it  may  be  considered  as  an  8-bit  wide  register 
(CR38  and  CR39  are  both  reserved). 

tnie  dSigMlil  Isdow  shows  the  vmrioas  qierations  under  the  con- 
trol dSOHi.'tim  register  can  be  read  &om  as  well  as  written  to. 
In  read  mode,  CR38  and  CR39  are  boA  returned  as  zeros. 

COMMAND  REGISTER  3  (CR3)  BIT  DESCRIPTION 
PRGCKOUT  Frequency  Control  (CR31-CR30) 
These  bits  specify  the  output  frequency  of  the  PRGCKOUT 
ouq>ut.  PRGCKOUT  is  %  divided  down  version  of  the  pixel 
CLOCK.  "  - 


UANK  Pipeline  Delay  Control  (CR3S-CR32) 
These  bits  specify  the  additional  pipeline  delay  that  can  be 
qdded  to  the  BLANK  fimgtinn,  rdtolive  to  the  overall  device 
jripdine  delay  (tpp)d^  the  BLANK  control  normally  entos  the 
video  DAC&mpuorter  pipeline  than  the  video  pisd  data, 
this  cogtrol|pji$fii^  deskewing  the  pipeline  differential. 

Pixel  Multiplex  Control  (CR37-CR36) 

These  bits  specify  the  device's  multiplex  mode.  It,  therefore, 
also  determmes  the  frequency  of  the  LOADOUT  signal. 
.  LOADCUyT  ^^vfifed  down  version  of  the  pixel  CLOCK. 


l(CR37 


RESERVED 


CR36  j 


(CR35 


CR34 


CR33  CH32 


(  CR31 


CR30 


EXTRAV^imPEUNE  DELAY  CONTROL 
(ADDS  TVPIXEL  PIPELINE  DELAY;  tpo  ) 

CR35  CR34  CR33  CR32 

BUUBC  PtPEtlNE  DELAY 

0         0          0  0 
0         0          0  1 

0  0  10 

1  1           1           1  . 

1 

tpD 

tpD  +  1  X  LOADOUT 
tpD  +2x  LOADOUT 

'  tpB*1SxLdADbMT 

PIXEL  MULTIPLEX  CONTROL 

CR37  CR36 

0  0 

0  1 

1  0 
1  1 

•?  Si83  . 

1:1  MUXING:  LOADOUT  =  CLOCK +1 
2:1  MUXING:  LOADOUT  =  CLOCK +2 
RESERVED 

*4:1  MUXING:  LOADOUT  =  CLOCK  «4 

'f'b  bsbivUl  -.I;l<.  Ji.  iL^j    I  Ji/. 


PRGCKOUT 
FREQUENCY  CONTROL 

CR31  CR30 

0  0 

0  1 

1  0 

■"  1'     ■  ■  1 

CLOCK  +4 
CLOCK  +8 
CLOCK  +16 
CLOCK +32 

IM  -J!b 


Command  Register  3  (CR3) 
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1 V  -  .1?  Hi  STi 


RED,  BLUE 

GREEN 

mA 

V 

mA 

V 

19.05 

0.714 

26.67 

1.000 

1.44 

0.054 

9.05 

0.340 

0 

0 

7.62 

0.286 

'  figUia  S.  •RS^343A  Termipatiqn 


Table  IV.  Video  Output  Truth  Table 


Description 


WHITE  LEVEL 
VIDEO 


VIDEO  to  BLANK 
BLACK  LEVEL 


BLACK  to  BLANK 
BLANK  LEVEL 
SYNC  LEVEL 


GREEN  OUT 
(mA) 


26.67 

video  +  9.05 

video  +  1.44 

9.05 

1.44 

7.62 

0 


RED  OUT,  BLUE  OUT 
(mA) 


19.05 

video  +1.44 

video  +  1.44 

1.44 

1.44 

0 

0 


SYNC 


BLANK 


DAC 

Input  Data 


3FFH 

data 

dau 

OOOH 

OOOH 

XXXH 

XXXH 


CLOCK  CONTROLLER  CIRCUIT 

The  ADV7150/ADV7152  has  an  on-board  dock  controller  cir- 
cuit. This  is  driven  by  an  external  crystal  oscillator  which  must 
be  capable  of  generating  differential  clock  inputs  to  drive 
CLOCK  and  CLOCK  of  the  ADV7150/ADV7152. 


Additional  functions  are  included  to  ease  system  design.  The 
PRGCKOUT  can  be  sufficiently  divided  down  and  can  be  used 
to  drive  the  video  clock  of  the  graphics  processor. 

In  its  simplest  form,  the  LOADOUT  pin  can  be  tied  directly  to 
the  LOADIN  pin,  as  shown.  The  pixel  data  LOADIN  rate  will 


No  additional  external  clocking  devices  are  necessary.  A  sophis> 

ticated  on-board  clocking  arrangement  generate  all  the  requiied  be  d^eci^ned  ^  ^  nu^plex  late, 
internal  clocking  signals. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  j( 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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and  verified. 


PRGCKOUT 

^  SCKIN 

 ► 

'  SCKOUT 

1^  i  

CLOCK 
GENERATOR/ 

DIVIDER 
CIRCUITRY 
*1,*2,  *4 


Figure  11.  Clock  Circuitry 


fanAi^eMetoot 
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TEST  DIAGNOSTICS 

Test  diagnostic  circuitry  on  the  ADV71 
user    dfbug  both  the  device  itself 
comp^ients  in  the  system.  Essentidly,^Uii'video  or  pixel  path 
diroi^  the  device  can  be  monitored  Via  the  MPU.  Monitoring 
point^  in  the  form  of  test  registers  are  posiSoned  at  the  PIXEL 
PORT,  RAM  and  DAC  PORT.  Control  of  the  test  modes  is  a  J 
determined  by  the  Mode  Register  (MRl)  and  Command  R^is^^^ 
ter  2.  Data  is  latched  to  the  various  test  registers  along  the  video 
path  by  either  the  pixel  CLOCK  or  by  using  one  bit  of  pixel 
data  as  a  trigger  bit  (R7).  This  latter  case  is  useful  when  the 
pixel  CLOCK  is  connected  to  a  free  runmng  source. 


PIXEL  DATA-PATH 


PIXEL 
PORT 


TEST 
REGISTER 


DAC 
PORT 


TEST 
REGISTER 


MPU  PORT 


Figure  12. 

ModeO 

Normal  Chip  Operation,  In  this  mode,  the  test  registers  are  Gin 
figured  as  in  Figure  13.  Both  the  pixel  test  register  and  the 
DAC  test  r^jster  ne  tiiggered  every  clock  cycle.  This  is  trans- 
parent to  the  general  user.  It  becomes  usefiil  when  there  is 


R|XEl.DATA4>ATH 


D  O 
TEST 
REGISTER 


> 


MPUPffRT 


%      Figure  13. 

Mode  1 

Pixel  Data-Path  Trigger.  In  this  mode,  the  test  register  trigger 
is  activated  by  a  transition  on  the  R7  bit  of  the  pixel  port,  Fig- 
ure 13.  Bit  0  of  command  register  2  controls  whether  the  trigger 
is  activated  by  a  rising  edge  or  a  faUing  edge  of  R7.  The  trigger 
bit  is  piped  through  the  chip  along  with  the  pixel  data.  This 
means  that  each  test  register  captures  the  pixel  with  the  transi- 
tion on  R7  as  y  is  pipgl  throng  the  chip.  Once  the  dan  has 
been  (»ptu|ed,~it  can  be  lead  out  at  any  time,  even  if  the 
,^pat|en^  (^clical  with  (be  same  pixel  repeatedly  activating  the 


PIXEL  DATA-PATH 


Hgum  14. 

Mode  2 

RAM  Fast-Port  Test.  Is  this  mode,  the  pixel  test  register  is  con- 
figured as  in  Figure  13,  and  the  DAC  test  register  configured  as 
in  Figure  14.  The  DAC  test  register  is  triggered  every  clock 
cycle.  Data  written  into  the  pixel  test  register  enters  the  fast 
data  path,  passes  through  the  palette,  and  gets  captured  at  the 
?^.uplC  test  register. 

Mode  3  _ 
DAC  Test.  In  this  mode,  die  DAC  test  regisKr  and  die  S^iC, 
BLANK  &  PLL  test  register  are  configured  as  in  Figure  14. 
Data  written  to  the  DAC  test  register,  and  the  SYNC,  BLANK 
and  PLL  test  register  is  reflected  at  the  DAC  outputs.  This 
allows  the  DACs  to  be  tested  over  the  microport. 
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Palette  Priority  Select  Inputs 

The  palette  priority  selection  function  allows  up  to  4  palene 
tkmsmtm^mxA  MM  tMemiMt  Q/ttmatieaied  together. 


ADV7150 


R0-R7 
G0-G7 


PS  (PALETTE 
SELECT) 
PS0,PS1  I 


During  initialization,  internal  registers,  which  prioritize  each 
device,  are  programmed.  PSO  and  PSl  inputs  will  select  one  of 
the  preprogrammed  devices  at  any  instant.  PSO  and  PS  1  are 
multiplexed  similar  to  the  pixel  data,  thus  allowing  for  subpixel 
resolution.  This  enables  the  user  to  Ju|ve  nmltqd^  palettes 
and/or  windows. 

Note:  Only  one  palette  device  is  selected  at  any  particular 
instant.  Tbe  analog  O/Ps  of  the  unselected  devios  should  be 


PALETTE  SELECT 
REG 

 EH 


Figure  IS. 
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ADV7150/ADV7152 


PC  Boaid  ConsideiatkHU 

The  layout  should  be  opdmissd  for  bxnest  noise  on  the 
ADV71S0/ADV71S2  power  and  ground  lines  by  shielding  the 
digital  iiQNits  and  providing  good  decoupling.  The  lead  length 
bMween  graqn  of  V^a  a>xl  GND  pins  should  by  minimized  so 
as  to  minimize  inductive  ringing. 

Gmnad  Plaaes 

The  ground  pUme  duuld  encompass  all  ADV71S(VADV71S2 
ground  pins,  voltage  reference  dicuioy,  power  supply  bypass 
dicuitty  for  the  ADV71S0^ADV71S2,  die  analog  output  traces, 
and  all  the  digital  signal  traces  leading  up  to  the  ADV71S0/ 
ADV7152. 

Power  Planes 

The  ADV7150/ADV7152  and  any  associated  analog  circuitry 
should  have  its  own  power  plane,  referred  to  as  the  analog 
power  plane.  This  power  plane  should  be  connected  to  the  regu- 
te  FCB  power  plane  (Voc)  m  >  nng^  point  throi^  a  fortte 
bead.  This  bead  should  be  located  within  three  inches  of  the 
ADV7150/ADV7152. 

The  PCB  power  plane  should  provide  power  to  all  digital  logic 
on  the  PC  board,  and  the  analog  power  plane  should  provide 
power  to  all  ADV7150/ADV7152  power  pins  and  voltage  refer- 
ence circuitry.  * 

Plane-to-plane  noise  coupling  can  be  reduced  ly  ensuring  that 
portions  of  the  regular  PCB  power  and  ground  planes  do  not 
overlay  portions  of  the  analog  powefep^e,  unless  they  i 
arranged,  such  diat  the  plane-u>-plan^oise  is  common  i 

Supply  Decoupling  ^  •' 

For  optimum  performance,  bypass  capacitors  should  be  installed 
using  the  shortest  leads  possible,  consistent  with  reliable  opera- 
tion, to  reduce  the  lead  inductance.  Best  performance  is 
obtained  with  a  0. 1  p.F  ceramic  capacitor  decoupling  each  of  the 
two  groups  of       pins  to  GND.  These  capacitats  should  be 
placed  as  dose  as  possible  to  the  device. 

It  is  inqxKlBnt  to  note  that  while  the  ADV71S(VADV71S2  con- 
tain circuitry  to  reject  power  supply  noise,  this  rejection 
decreases  with  frequency.  If  a  high  frequency  switching  power 
supply  is  used,  the  designer  should  pay  close  attention  to  reduc- 
ing pmnx  supply  noise  and  should  consider  using  a  three  termi- 
nal voltage  t^pilator  for  supplying  power  to  the  analog  power 
plane. 


Digital  Sgnal  bileccannect 

The  digilal  inpoB  to  die  ADV71S0/ADV71S2  should  be  isdated 
as  much  as  possible  from  the  analog  outputs  and  other  analog 
drcuitty.  Also,  these  input  signals  should  not  overlay  the  analog 
power  [dane. 

Due  to  the  high  clock  rates  involved,  long  clock  lines  to  the 
ADV7150/ADV7152  should  be  avoided  to  reduce  noise  pickup. 

Any  active  termination  resistors  for  the  digital  inputs  should  be 
coimected  to  the  regular  PCS  power  plane  (Vqc),  and  not 
analog  power  plane. 

Analog  Signal  Interconnect 

The  ADV7130/ADV7152  should  be  located  as  close  as  possible 
to  the  ouq>ut  connectors  to  minimize  noise  i>ickiq>  and  reflec- 
tions due  to  impedance  mismatch. 

The  video  output  sigpls  should  overlay  the  ground  plane,  and 
not  the  analouid^nilane,  to  maximize  the  high  frequency 
power  suppl|rijbc^§. 

For  maxiroumlpatbrmance,  the  analog  outputs  should  each 
have  a  75  oBm  load  resistor  connected  to  GND.  The  connection 
between  the  current  output  and  GND  should  be  as  dose  as  pos- 
sible to  the  ADV7150/ADV7152  to  minimize  reflections. 


1^ 
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FEATURES 

170  Mite  Hprihwd  Opwatfon 
Triple  10-Bit  D/A  ConvwiM* 
Triple  256  X  10  (2S6  x  30)  Color  PaMta  RAM 
On-(%lp  dock  Control  Clrauit 
P*latte  Priority  Saloet^^H^ira  " 
.I^SIiA/IS-1700iiniiMtni*.  Analog  iJutiiiiis 
TTL  Compatible  DIgilai  Inputs 
32-«tI>lml  Input  Port  (»«it  Pixel  Words) 
SMHdMd  MPU  I/O  Intsrfoce 

lO-BIt  Parallel  Stnictiii^  ' 

8+2  Byte  Structure 
Pixel  Data  Serializer 

Multiplexed  Pixel  Input  Ports:  1:1,2:1,4:1 
+5  V  CMOS  MonolMiic  dinstructiiMt 
100-Pin  PQFP 


SPEED  GRADES 

170  MHz 

13BMHZ 

110  MHz 

KMHz 
GENERAL  DESCRIPTION 
The  ADV7151  (ADV»)  is  a  complell||gnal( 
RAM-DAG  on  a  single  CMO^i 


cifically  designed  for  use  in  the  graphics  systems  of  high  perfor- 
mance, color  graphics  workstations.  The  ADV7151  integrates  a 
number  of  graphic  functions  onto  one  device  allowing  8-bit 
indexed  Ptexid(><k>Ior  operation  at  the  maxiiniiirt  screen.t^xlate 
rate  of  17d  MHz. 

The  device  consists  of  three,  high  speed,  10-bit,  video  D/A  con- 
verters (RGB),  three  256  x  10  (one  256  x  30)  color  look-up 
tables,  palette  priority  registers,  a  pixel  input  data  multiplexer/ 
serializer  and  a  clock  generator/divider  circuit.  The  on-board 
palette  priority  select  registers  enable  multiple  palette  devices  to 
be  coimected  together  for  use  in  multipalette  and  window  appli- 
cations. The  part  is  controlled  (i.e.,  mode  selection  and  multi- 
plex selection)  through  the  MPU  port  by  the  various  on-board 
control/command  registers.  The  part  also  contains  a  number  of 
on-board  test  registers,  associated  with  self  diagnostic  testing  of 
the  device. 

Pseudo-color  image  rendition,  at  speeds  of  up  to  170  MHz,  is 
achieved  through  the  use  of  the  on-board  data  multiplexer/serial- 
izer.  The  pixel  mput  port's  flexibility  allows  for  direct  interface 
to  most  standard  frame  buffer  memory  configurations,  inetading 
general  purpose  DRAM  and  VRAM  designs. 


(amittued  on  page  2-9l  /> 
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A0V71 51 -SPECIFICATIONS 


=  +5  V;  Vmf  =  +1.235  V;  =  37.5  SI,  =  10  pF;  Rs^  =  280  O. 
sp8cifieMi0M4iii  to  f^a  unless  otheiwise  noted.) 


Parameter 

All  Versions 

Units 

Test  OHkBtums/CammentB 

 ffr-   — 

STATIC  PERFORMANCE 

Resolution  (Each  DAC)   —  

Accuracy  (Each  DAC) 

Integral  Nonlinearity 

Differential  Nonlinearity 

Gray  Scale  Error 
Coding 

-40  

±1 
±1 

^Bte~  — 

LSBmax 
LSB  max 

Guanuueed  Monotonic                       ^  .  J 

70  vmiy  oulic  iluia 

Binary 

DIGITAL  INPUTS  (Excluding  CLOCK,  CLOCK) 
Input  High  Voltage,  V^jh 
Input  Low  Voltage,  Vnn, 
Input  Current,  Ij^j 
Input  Capacitance, 

2 

.0.$ 
10 

V  min 

V  max 

max 
pFmax 

' 

V  =  n  A.V  eiT  7  4,V  i. 

CLOCK  INPUTS  (CLOCK,  CLOCK) 
Ii^rat  High  Voltage,  Vmn 
Input  Low  Voltage,  Van.  '  ' 
Input  Current,  Ij^ 
-  Input  Capacitance,  Cj^ 

Vaa  -  10 
Vaa  -  1-6 
±10 
10 

V  niiTi 

V  max 

max 

'  n.-;-/ ■  U  -'-'i .!  *• 
V„  =  0.4  V  or|,J^^,^              ,•  . 

DIGITAL  OUTPUTS 
Output  High  Voltage,  Vqh 
Output  Low  Voltage,  Vql 
Elo^ng-State  Leakage  Civient..  :■; 
Floating-State  Output  Capacitance 

2.4 
0.4 
20 
20 

V  min 

V  max 

pFtyp      ^  ^ 

ANALOG  OUTPUTS 
Gray  Scale  Current 


no 

Output  Current  '  '^■fi^'"- 

White  Level  Relative  to  Blank 

White  Level  Relative  to  Black 

Black  Level  Relative  to  Blank 

Blank  Levd  mW^&n,  BLtS  OOT 

BImk  ifmimmmSkn 

Sync  L^  o^^^^ 

LSB  Size  | 
DAC-to-DAC  IWatching 
Output  Compliance,  Vqc 

Output  Impedance,  Rotjr 
Output  Capacitance, 


f '^pically  19.05  mA 
Typically  17.62  mA 
Really  1.44  mA 
Typically  S  |iA 
Typiod^F-7t6iM^ 
Typically  5  |xA 

l>piGa%2% 

i'  t 

loirr  =  0  mA 


VOLTAGE  REFERENCE 
Voltage  Reference  Range, 
Input  Current,  Ivkef  * ' 

POWER  REQUIREMElfTS 

Iaa 

Power  Supply  Rejection  Ratio 
Power  Dissipation 


170  MHz  Parts 
Typically  0.12%/%:  f  = 
170  MHz  pans:  Vaa  = 


1  kHz,  COMP  = 
5  V 


0.1  |iF 


DYNAMIC  PERFORMANCE 
Clock  and  Data  Feedthrough^'  * 
Glitch  Impulse 
DAC-to-DAC  Crosstalk' 


dB  typ 
pV  sees  typ 
dB  typ 


NOTES 
■±S«  for  an 

Tanperatuic  aagc  CTias  «« T^KjuOi  0°C  to  +70°C.  .  ^ 

^Ckick  and  dal^  fiseJ^wgh  is  a  function  of  the  amount  of  ovenhooHnd  itadeK^ooi  on  Ae  digltil-iiqiiia.  dhdi  impulse  includes  clocic  and  data 
^TTL  input  vallie9«e  O-lo  3  volts,  with  input  rise/^  times  £3  as,  mBt^fOOA^^ertinb  and  90%  pQims.  T&ll£l$  icfixeace  points  at  50%  for  inputs 

'X>AC-n>CAC  cnAalalk  is  measmed  by  holding  tme  DAC  faigirwiifle  lli^  other  two  are  making  low  to  Ugh  and  hig^  '~  * — '  "'^ 

Sped&agSim  snbject  to  dbange  widunu  notke. 


feedtlirough. 
and  outputs. 


J 
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-r»..uA  Mi.».«Trai<>nAi>1  =  +5  V;  ¥|„  =  +1.235  V;  =  37.5  Xl,  Ci  =  10  pF;  =  280  fl.  M 
T1MIN0^  CHARAGTERISnCS^  Clo  W  umoss  othemls.  noted.) 

'  -  ■    *  ,  .  


Parameter 


Conditions/Commentt 


'max 

LOADOUT 
1:1  MUX  Mode 
FiequoiGy 
Period 


2:1  MUX  Mode 
Frequency 
Period 
High  Time 
Low  Time 

4:1  MUX  Mode 
Frequency 
Period 
High  Time 
Low  Time 


^ 
til 

tiz* 


ClpcklUte 


LOADOUT  Ooctdng  Rate 
IX)ADOUT  Period 
LOADOUT  High  Tmie 
LOADOUT  Low  Time 

LOADOUT  Qocking  Rate 
LOADOUT  Period 
LOADOUT  High  Time 
LOADOUT  Low  Time 

LOADOUT  Clocking  Rate 
LOADOUT  Period 
LOADOUT  High  Time 
LOADOUT  Low  Time 

Petel  CUKSa  to  LOADOUT-  Miy 
Pixel  CLOCK  to  PROGCKOUT  Delay 

LOADIN  to  LOADOUT  Setup  Tiine 
Video  and  Pixel  Data  Setup  Time 
Video  and  Pixel  Data  Hold  Time 


SCION  to  SCKOUT  Delay 


Clock  Cycle  Time 
Clock  Pulse  Width  High  Time 
Clock  Pulse  Width  Low  Time 
Analog  Output  Delay 
Analog  Output  Rise/Fall  Time 
Analog  Output  Settling  Time 


tl6 
tl/ 
tl.' 
tl/ 

ho 


R/W,  CO,  CI  Setup  Time 
R/W,  CO,  CI  Hold  Time 
CE  Low  Time 
CE  High  Time 

CE  Asserted  to  Data  Bus  Driven 

CE  Asserted  to  Data  VaUd 

CE  Dimbied  to  Data  Bos  Three  Stated 

Write  Data  Setup  Time 
Write  Data  Hold  Time 


tsK 
tpD 


Analog  Ouqnit  Skew 
Pipdine  Delay 


NOTES 

'TTL  input  values  are  0  to  3  volts,  with  input  rise/fall  times 
outputs.  Analog  output  load  ^  10  pF,  D0-D7  output  load  : 
^±5%  for  all  versions. 
Tempeiature  range  (Tmin  »  Tmax);  ""C  to  +70''C. 
^Settling  time  does  not  indude  clock  and  data  feedthrough. 

\j  and  tig  are  measured  widl  the  load  circuit  of  Figure  1  and  defined  as  the  time  required  for  an  output  to  cross 
\,  is  derived  from  the  measured  time  taken  by  the  data  outputs  to  change  by  O.S  V  when  loaded  with  the  circuit 

extrapolated  back  to  remove  the  effects  ai  d^^Mji^-^fejjflt^F  eaiMcitor.  This  means  that  the  time,  ti,,  quoted  in 

the  device  and,  as  such,  is  independent 
^Kdficatioiis  subject  to  change  witiioiit  notice. 


3  ns,  measured  between  the  10%  and  90%  points.  Haung  reference  poinls  at  50%  for  inpnts  and 

50  pF.  See  timing  notes  in  Figure  S. 


0.4  V  or  2.4  V. 

of  Figture  1.  The  measured  niunber  is  then 
the  timing  chatactensdcs  is  the  true  value  for 


This  Information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  vyWloUt  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing.  < 


DtGrrAL-TO-ANALOGCONVERmm  it909i 


ADV7151 


1 


1.6mA 


Figure  1.  LoadWi 


.m.:.mtk:  _nj~i_rL_rLrLr-ji'  -T-n_n_n_r 


— j|_rijmiJirmj^^ 
'rLrmjTTLnj" 


LOADOUT 
(2:1  Mux) 


LOADOUT 
(4:1  Mux) 


^  r 

PROGCKOUT 

M,»8,+16,  M 


"i__r"L_r 


4- 


Figure  2.  Video  Output  Clocl<  Control§,vs.  Pix^Cli^^lnput 

;   (l^rl,    ..\;,V  ±iO<  j 

r  "  7  .      II:,  :      ■  !■ : 


LOAAOMT 


PIXEL  DATA' 
MLETT^; 


1  \ — L 


,  J\u  ^   


1  pLimiHiEkirORTS  (A  ■  D) 


Figure  3.  LOAEtOUTi^n^rtg  vs:  ItiOADll^snd  Pixel  Data 

■■■ -m'' I'jqr-O 'p  Mii'.j'         1"'  .  ; 


BLANK 

S.CKQUI    n  n 


n_r 


END  OF  SCAN  LINE 


I     START  OF  SCAN  UNE 


i  Figure  4.  Video  Data  Serial  Clock  input  (SCKIN)  vs.  Serial 

'  Clock  mput  fscKoifn  '        '  ' 


OUTPUTS  S  BLUE  OUT 
PL.L 


DELAY^»S  WD  FROM  THE  50%  POINT  OF  THE  RISING 

i  EDGEOb^jC^MMW^''^'''"^''"'-'-'^*'-^'"'"'^"''- 
2.  SEjg'LdP'lME^^AnlDFROM  50%  POINT  FULL-SCALE 

trmApn  S>Ke  output  REMAININQ  vMnfi  ±.1LSB. 

OUlinnlaM'ALL  TIME  MEASURED  BMimftt  tS%  AND  90% 
'9^tV0F  FULL-SCALE  TRANSITION. 


_  Figure  5.  Analog  Outputs  vs.  Pixel  Clock 


tie  ^  


(D0-D9)  ^ 


Figure  6.  MPU  Port  Read/Write  Timing 
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RECOMMENDED  OPERATING  CONDITIONS 


Parameter          '  '    k  i> 

Symbol 

Min 

Typ 

Max 

Units 

Power  Supply 

4.75 

5.00 

5.25 

Volts 

Ambient  Operating  Temperature 

0 

+70 

°C 

Reference  Voltage  ^ 

1.14 

1.235 

1.26 

Volts 

Output  Loaded 

37.5 

■•  CI 

ABSOLUTE  MAXIMUM  RATINGS'             "  NOTES  - 

V^A  to  GND   7  V  'Stiesses  above  di0w  liated  nnder  "Absoiate  MuinDim  Ritiiigs"  tpiy  cnue 

Voltage  on  any  Digital  Pin   GND-0.5  V  to  V^a+O.S  V  iwnnaiiem  damap  i6  Ae  device.  This  is  a  sit« 

.             _        .                         /-T-  \                ceo/^         i-ieoi->  operauon  of  the  device  at  these  or  any  Other  condmons  above  those  listed  in  the 

Ambient  Operatmg  Temperature  (Ta)  -55^C  to  +  125^C  operational  sections  of  this  specification  is  not  impUed.  Exposure  to  absolute 

Storage  Temperature  (Tg)  —  65°C  to  +  150*'C  maYimnm  rating  conditions  for  extended  periods  may  affect  device  reliability. 

Junction  Temperature  (Tj)  .  .  .  .  +17S*X^  ^Analog  e^xtpat  short  dicuit  to  any  power  supply  or  axnmon  can  be  of  an 

Lead  Temperature  (Soldering,  10  sees)  .  .  +300°C  indefinite  duration,     g  , 

Vapor  Phase  Sddoiiig  (2  mioutes)  . .  +220^  ' 

IOR,IOG,IOBt»(»n>'   r.\P1.5VtoVAA  t 

CAUTION  :  :  

BSD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  imcoimected  devices  subject  to  high  enamp^^l&tro- 
static  fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  proKtivie  foam 
should  be  discharged  to  the  destination  socket-before  devices  are  insened. 


(continued  from  page  2-907) 


ORDERING  GUIDE 


The  30  bits  of  resolution,  associated  with  the  color  look-up  table 
and  triple  10-bit  DAC,  realizes  8-bit  pseudo-color  resolution, 
while  also  allowing  for  the  on-board  implementaifon  of  lini 
tion  a^ocithms,  such  as  gamma  conection. 

The  on-chip  video  clock  controller  circuit  generates  all  the  inter- 
nal clocking  and  some  additional  external  clocking  signals.  An 
external  ECL  oscillator  with  differential  outputs  is  all  that  is 
required  to  drive  the  CLOCK  and  CLOCK  inputs  of  the 
ADV71S1.  The  part  can  also  be  driven  by  an  external  clock  gen- 
erator diip  drcuit. 

Hk  A0V71S1  is  capable  <^  graetating  VLGiB  vkteo  output  ag- 

are  compatible  i^th  RS*'343A  and  RS-170  video  stan- 
dards, without  requiring  external  buffering. 

Test  diagnostic  circuitry  has  been  included  to  complement  the 
users  system  level  debugging. 

The  ADV7151  is  fabricated  in  a  -1-5  V  CMOS  process.  Its 
monolithic  CMOS  constructitm  ensures  gteatra'  fimctianality 
with  low  power  dissipation. 

The  part  is  packaged  in  an  100-lead  FQFP. 


Temperature 

No.  of 

Padtage 

Speed 

Range 

Pins 

Option* 

ADV7151KS170 

170  MHz 

0°Cto  -l-70°C 

100 

S-100 

ADV7151KS135 

135  MHz 

ffCto  -l-70°C 

100 

S-IOQ 

ADV71S1KS110 

110  MHz 

on:to+78°c 

100 

S-100 

ADV7151KS85 

85  MHz 

<rc  to  +7(rc 

100 

S-lOti 

*S  =  Plastic  Qoad  Flat  Pack.  For  oBdine  infimnatkm  see  Padcage  Kofofinatkm 
section. 
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No. 

Mnemonic 

No. 

Mnemonic 

1 

Vaa 

41 

GND 

2 

SYNC 

42 

GND 

3 

BLANK 

43 

NC* 

4 

NC* 

44 

GND 

5 

NC* 

45 

GND 

6 

NC* 

46 

NC* 

7 

POa 

47 

NC* 

8 

POb 

48 

PSOa 

9 

POc 

49 

PSOb 

10 

POd 

50 

PSOc 

11 

PIa 

51 

PSOd 

12 

PIb 

52 

PSIa 

13 

Pic 

53 

PSIb 

14 

PId 

54 

PSlc 

15 

NC* 

55 

PSId 

16 

P2a 

56 

P5a 

17 

P2b 

57 

P5b 

18 

P2c 

58 

P5c 

19 

59 

P5d 

2^^ 

'J*A 

21 

NC* 

61 

,P6b 

22 

P3a 

62 

P6c  V 

23 

P3b 

63 

P6d  ^ 

24 

P3c 

64 

NC* 

25 

P3i> 

65 

P7a 

26 

NC* 

66 

P7b 

27 

NC* 

67 

P7c 

28 

P4a 

68 

P7d 

29 

P4b 

69 

NC* 

30 

P4c 

70 

CE 

31 

P4d 

71 

Ryw 

32 

CLOCK 

72 

CO 

33 

CLOCK 

73 

CI 

34 

LOADIN 

74 

DO 

35 

LOADOUT 

75 

Dl 

36 

Vaa 

76 

D2 

37 

Vaa 

77 

GND 

38 

PRGCKOUT 

78 

D3 

39 

SCKIN 

79 

D4 

40 

SCKOUT 

80 

D5 

*NC  = 

NO  CONNECT. 

No. 


81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 


Mnemonic 


Vaa 
D6 
D7 
D8 
D9 
GND 
GND 
lOT 
iOR 
lOG 
lOB 
lOG 
Vaa 
Vaa 
IOR 
COMP 
V, 

GND 


lOfr  81 

iiiiiiiiiiiiimttii 


iV 


HOWD 


PIN  NO.  1 
IDENTIFIER 


ADV7151  PQFP 
TOP  VIEW 
=H  ~         ^  lo  Scale) 


=N  ^— '  ROWB  

Nyiimuyuiiuuuyyuii 


ir»iv3b  bwiia'- 


IL,.:  lil'  -.:         iJOV  !»"'.■     ■    Mb  riTIW  VJt!Shj.O  . 
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PIN  DESCRIPTION 


Pin 


Fimctioii 


Pixel  Select  Inputs 

(POa  .  .  .  P0i>-P7a  .  .  .  P7d) 

PSO.  .  .  PSO„,  PSIa  -  •  •  PSlr 


LOADIN,  LOADOUT,  PRGCKOUT, 
SCKIN,  SCKOUT 


CLOCK,  CLOCK 


BLANK 


SYNC 
D0-D9 

OB,  R/W,  CO,  CI 

lOR,  IPG.  JOB 
(lOR,  lOG,  lOB) 

RsET 

COMP 

Vaa 
GND 


Pixel  Port:  32  Pixel  Select  Inputs.  Each  8-bit  index  word  selects  either  a  24-bit  or  30-bit 
color  value.  Each  bit  is  multiplexed  (A-D)  4:1,  2:1  or  1:1.  All  inputs  are  TTL  compatible. 
Palette  Priority  Select  Inputs:  These  inputs  aU<Sw:fi»'^smtching  between  multiple  palette 
devices  at  the  pixel  rate.  The  j^j(9e:.£WL.be  ptqtjttgraipmed  to  completely  shut  oiT  the  DAC 
analog  O/Ps.  If  the  values  of  PSO  and  PSl  match  the  values  programmed  into  bits  MR6  and 
MR7  of  the  Mode  Register,  then  the  device  is  selected. 

Video  Data  Control  Inputs/Outputs:  These  inputs/outputs  are  used  to  load  pixel  data  and, 
optionally,  to  control  external  video  frame  buffer  timing  and  control  synchronization. 
Clock  Inputs:  These  differential  clock  inputs  are  designed  to  be  driven  by  ECL  logic 
configured  for  single  siipply-f+S  V  )  operation.  The  dock  rate  is  typically  the  pixel  clock 
rate  of  the  system. 

Composite  Blank:  Drives  the  analog  outputs  to  the  blanking  level. 

Composite  Sync  Input:  Drives  the  lOG  analog  output  to  the  sync  level.  It  can  only  be 

asserted  during  the  blanking  period. 

Data  Bus:  Data  is  written  to  and  is  read  from  the  device  over  this  10-bit,  bidirectional  data 
bus.  10-bit  data  or  8-bit  data  can  be  used.  The  data  bus  can  be  configured  for  either  10-bit 
parallel  data  or  byte  data  (8+ 2), JSyte  datais  r^ht  justified,  i.e.,  8  LSBs  first,  then  2  MSBs. 
Control  Inputs:  ^e&  inputs  contt^il^e^^ig^^'and  reading  from  the  address  reg,  color 
palette,  palette  select  registers,  mdae  cont^rfegisters  etc.,  of  the  device. 
An^^  Video  Current  Outputs  (BliflSM^tial  Outputs):  These  RGB  video  outputs  are 
^e^ahje  of  direcdy  driving^g|943A  and  RS-170  video  levels  into  doubly  terminated  75  fl 
^l^.TSR,  lOG  aStd  iif  T4m  be  tied  to  GND  if  it  is  not  required  to  have  differential 
%^ts.  '     •■  to% 

Vdjape  Reference  Input:  An  exten^  1!235  V  voltage  reference  is  reqUred  to  drive  this 
in^iE  The  use  of  an  AD389  (^^pninal  voltage  referoice)  is  recommended. 
Outpur  Full-Scale  Adu^Contrdl:'  A  resistor  connected  between  this  pin  and  analog  ground 
rantrols  the  absolute  ^pliqide  of  the  ou^ut  video  signal.  To  maintain  RS-343A  video 
iDUtput  levels,  RsEi- =  280  £(  ^ 

p)^:g^i|^on  Pin:  A  0. 1  (il?  capacitor  should  be  connected  between  iWs  pin  msd  Vf^. 
*Pbase  Lock  Loop  Output  Ciirrent:  This  is  used  to  enable  multiple  ADV7151s  and 
ADV7150/ADV7152s  to  be  synchronized  with  pixel  resolution. 

Power  Supply  (-1-5  V  ±  5%):  The  part  contains  multiple  power  supply  pins;  all  should  be 
connected  to  one  common  -1-5  V  analog  power  supply. 

Analog  Ground:  The  part  contains  multiple  ground  pins;  all  should  be  connected  to  one 
fxaomoa  analog  ground. 


This  infprmatiQn  applies  to  a  pMluetueider  devsl^csent.  its  qhatiacttsristics  and  spesificetiorts  are  subject  to  change  without  notice. 
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COLOR  VIDEO  MODES  (PIXEL  1 
8-BIT  PSEUDO  COLOR 

This  mode  is  selected  by  writing  to  Command  Register  2.  In 
this  mode  8-bit  pseudo  color  images  can  be  generated  on  screen 
at  videq  mtes  (^im-to  170  MHZi  Tmo  hun^eel  Ab^rsis  colors 

•    1,-1  ■1  1  •'■ai     .'ivj  -    ■■  ' 


can  be  displayed  out  of  a  total  color  palettElSf  1K7  million 
addressable  colors.  The  8-bit  pixel  select  or  piael  index  word 
selects  a  24-bit  or  30-bit  RGB  value  yAoA  dines  the  led,  green 
and  blue  DACs. 


PO 


»i. . .  At:        iiiMfliaoi  oT  .li 


TO  GREEN  DAC 


TOBUIEtMIC 


PIXEL 
MPUT 
DATA 


DATA  LATCHES 
TOST  256 
LOCATIOMS 
OF  (Mil 


Figure  7.  8-Bit  Pseudo-Coior  (Indexed  Color)  Mapping 


This  i»toi!mat«(«r»'s^prta#4o:'a  ipmSummder-emm^imernt  ll»  chai»»«M^'ahd  sp«eifii»tidn««ra»«iibjeet  t0<MiB«iM»«^^  msee. 
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MPU  INTERFACE  &  CONTROL 

The  ADV7I51  suppons  a  standard  MPU  Interface.  All  the 
functions  of  the  part  are  controlled  via  this  MPU  port.  Direct 
accMs  it  gmned  to  the  address  register,  mode  register  dl-tile 


control  registers  as  well  as  the  color  palene.  The  following  tables 
describe  the  setup  for  itx&ig and  writing  to  iU  of      devices  ' 
registers.  ' 


R/W 


CI  CO 


D9-D0 


Action* 


Q  0 

1  1 

0  1 

0  1 

0  1 


1  1 


0  1 


DB7-DB0 
DB7-DB0 

DB9-DB0 
DB9-DB0 


PJB7-DB0 

DB7-DB0 

DB7-DB0 

DB9-DB0 
DB9-DB0 
DB9-DB0 


Write  DB7-DS0  to  Adtfaiess  Register  (A7-A0) 
Write  DB7-D60  to  Mode  Register  (MR7-MR0) 

Write  DB9-DB0  to  Red  RAM  Latch 

Write  DB9-DB0  to  Green  RAM  Latch 

Write  DB9-DB0  to  Blue  RAM  Latch  & 

Write  RGB  Data  To  RAM  Location  A7-A0  &  . 

+  1 


Address  Register  =  Address  1 
Write  to  Register  (A2-A0)^ 

Read  Address  ReiSstei^^tA7-M)' 

Read  Mode  Register  (MR17-MR10) 

Read  Red  RAM  Location  A7-A0 
Read  Green  RAM  location  A7-A0 
Read  Blue  Rton  Location  A7-A0 
Address  Register  =  AddresS^llesster  +  1 

LSgister  (M^ffi 


■Hf-bh  mde  dibbiu,  i.^#IK(a|  =      lid  10-|^UIL%'%nUiiri.e.,  MRU  =  "1" 

lO-bit  wide  databus,  i.e.,  MRIZ  and  8-Bit RMa  &WACs,  i.e.,  MRll  ■=  "0"  or 
8-bit  wide  databus,  i.e.,  MRU  =  "0"  and  8-Bit  RAM  &  DACs        MRU.-  «fti» 


&DACs^>MR 


R/W 

CI  CO 

Action'  " 

0 

0 

0 

DB7-DB0 

Write  DB7-DB0  to  Address  Register  (A7-A0) 

0 

1 

1 

DB7-DB0 

Write  DB7-DB0  to  Mode  Register  (MR7-MR0) 

0 

0 

1 

DB9-DB2 

Write  DB9-DB2  to  Red  RAM  Latch  (9-2) 

0 

0 

1 

DBl-DBO 

Write  DBl-DBO  to  Red  RAM  Latch  (1-0) 

0 

0 

1 

DB9-DB2 

Write  DB9-DB2  to  Green  RAM  Latch  (9-2) 

0 

0 

1 

DBl-DBO 

Write  DBl-DBO  to  Green  RAM  Latch  (1-0) 

0 

0 

1 

DB9-DB2 

Write  DB9-DB2  to  Blue  RAM  Latch  (9-2) 

0 

0 

1 

DBl-DBO 

Write  DBl-DBO  to  Blue  RAM  Latch  (1-0)  & 

Write  RGB  Data  to  RAM  Location  A7-A0  & 

Address  Register  =  Address  Register  +  1 

0 

1 

0 

DB7-DB0 

Write  ta  noisier  (A2-A0)' 

0 

0 

DB7-DB0 

Read  Address  Register  (A7-A0) 

1 

1 

DB7-DB0 

Read  Mode  Register  (MR17-MR10) 

0 

1 

DB9-DB2 

Read  Red  RAM  (9-2)  Location  A7-A0 

0 

1 

DBl-DBO 

Read  Red  RAM  (1-0)  Location  A7-A0 

0 

1 

DB9-DB2 

Read  Green  RAM  (9-2)  Location  A7-A0 

0 

1 

DBl-DBO 

Read  Green  RAM  (1-0)  Location  A7-A0 

0 

1 

DB9-DB2 

Read  Blue  RAM  (9-2)  Location  A7-A0 

0 

1 

DBl-DBO 

Read  Blue  RAM  (1-0)  Location  A7-A0 

Address  Register  =  Address  Register  +  1 

1 

1 

0 

DB7-DB0 

Read  Register  (A2-A0)^ 

■8-bit  wide  daubiu,  i.e.,  MR12  =  "0"  and  10-Bit  RAM  &  DACs,  Lef,  MRlIP^^l.' 
to  table  emitled"CoiitiolRe9ste{8i;;(q!^^^^^^^    I  ''  j 
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the  mode  register.  The  control  registers,  the  7  of  which  are 
Usted  in  the  table  are  indexed  adressable.  The  first  write  U>j^  . 
control  register  specifies  «diidi  partkular  leister  is  to  be 


Addieas  Kegister  (ADDR)  A7-Ad 

As  illustrated  in  the  previous  tables,  the  CO  and  CI  control 
inputs,  in  conjtuction  with  this  address  register  specify  which 
control/mode  register,  or  color  palette  location  is  accessed  by  the 
MPU  port.  The  address  register  is  8  bits  wide  and  can  be  read 
from  as  well  as  written  to.  When  writing  to  or  reading  from  the 
color  palette  on  a  sequential  basis,  only  the  start  address  needs 
to  be  written.  After  a  red,  g<it^iai!cb  tils«iiiiffiite  se^ 
address  register  is  autoimticaBy  IhilifillliU  ilT     ■  T''".if-i>i 

Abide  Kepstet  1  (MRl) 

The  mode  register  is  a  10-bit  wide  register.  However,  for  pro- 
gramming poiposes,  it  may  be  consid^^cdLas  an  8-bit  wide  ras- 
ter (MR18  and  MR19  are  both  reserved)'. 

The  diagram  below  shows  the  various  operations  under  die  con- 
trol of  the  mode  register.  This  register  can  be  read  from  as  well 
written  K>.  In  read  MK^fnpl jg|[19  are  both  returned  as 


as  either  a  10-bit  wide  (D9-D0)  or  8-bit  wide  (D7-D0)  bus. 
10-bit  data  can  be  written  to  the  device  when  configured  8-bit 
wide  mode.  The  8  MSBs  are  first  written  on  D7-D0,  then  the 
two  LSBs  are  written  over  Dl-DO.  Bits  D9-D8  are  zeroes  in 
S-bit  mode. 

Operational  Mode  Control  (Test/Normal)  (MR14-MR13) 

When  these  bits  are  zero  the  part  operates  in  normal  mode.  All 
other  combinations  are  used  in, conjunction  with  the  devices  vat^ 
iotls  test/diagnostic  modes  (Ae       ISia^ioStKS  section). 

Palette  Select  IWatch  Bits  Control  (MR17-AiR16) 

These  bits  allow  multiple  palette  devices  to  work  together. 
Wben  PSl-PSO  match  MRlT-MRlg,  ^  device  is  selected  (see 
"T^ilene  Priority  Select  Inputs  sectioti). 

Control  Registers 

The  ADV7151  has  7  control  registers.  To  access  each  register, 
two  write  operations  must  be  performed.  The  first  write  to  the 
address  register  specifies  ^hich  of  the  7  registers  is  to  be 
accessed.  The  suMAaSliAs;^e)aami^  the  value  vnitten  to  dut 
particular  cotMtroQi^BlkprT  j 

The  table  below  hsts  the  various  coiMlli  Jigfilttii  and  Aeir 
respective  addresses.  ' 


MODE  KEGISTBR  (Wtl)  BIT  DESCRIPTION 
Reset  Control  (MRIO)  ^i. 
This  bit  is  used  to  reset  the  pixel  port  samp|^ 
ensures  that  the  pizd  sequence  ABCD  j 
writing  a  1  followed  by  a  xao  foUowedM  11 

RAM-DAC  Resolution  Control  (MRll)^ 
When  this  is  programmed  with  a  1,  the  RAM  is  BO^its  deep  (10 
bits  each  for  red,  green  and  blue)  and  each  of  the  ttii^  DACs  is  ' 
configured  for  10-bit  resolution. 

When  MRU  is  programmed  with  a  0,  the  RAM  is  24-bits  deep 
(8  bits  each  for  red,  green  and  blue)  and  the  DACs  are  config- 
ured for  8-bit  resolution.  The  two.  LSBit^,4dO-hlt  DAp$  are  ; 
pulled  down  to  zero. 


Control  Registers  Descriptions 


ADDR  Register 

(A2-A0) 

Control  Registers* 

OOH 

Pixel  Test  Register 

OIH 

DAG  Test  Register 

02H 

SYNC,  BLANK  and  Ipu.  Test  Register 

03H 

ID  Register  (Read  Only) 

04H 

Pixel  Mask  Register 

05H 

Reserved 

06H 

Command  Register  2 

07H 

Command  Register  3 

•Cl  =  1;  CO  =  0. 


[ 


MRIg  )  ^^Q^  (  MRl 4     MR13  ^  ^.MR12  )  ^  MRU  )      MRIO  ^ 


PALETTE 
MATCH  BIT^ 

SELECT 
CONTROL 

IIRI6 

PSO 

MRl? 

PS1 

MPU  DATA  BUS 

wimH 

MRl  2 

0 

8«IT  (07-001 

1 

1»«r(DHKI) 

OPERATIONAL  MODE  CONTROL 
(TEST/NORMAL) 

Mm4  MR13 

0  0 

0  1 

1  0 
1  1 

NORMAL  OPERATION 
FAST  TRIQGER  TEST  (H7) 
RAM/FAST  PORT  TEST 
DACTEST 

RAM-DAC 

RESOLUTION  CONTROL 

MRU 

0 

S-BIT 

1 

10-BIT 

RESET  CONTROL 

MRIO 

IS 

Mode  Register  1  (MRl) 

This  i^orinjation' applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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Pixel  Test  Register 

This  register  is  used  when  the  device  is  in  test/di^^iostic  moslg;, 
It  is  an  8-bit  iivMe,:rqidTonly  register  wbich  aUo^sifipU^ 
to  the  ai?^  port  (s^  Tfsii;8iagi!^tes  se^  '  .. 

DAC  1^-Rie#tt^  "J 

This  register  is  used  wh^  jjjjjjleta^'^  %  |ej^  a^stfe  BM>de> 
It  is  s  lO^rbte^nde  i^^^^iA^ter^wW^jl^^  access 
to  the  DAC  port  (see  Test  Dis^osticg  se^^an)) 

frac,  BLANK  &  IpLL  Test  Regteter 

This  register  is  used  when  the  device  is  in  test/diagnostic  mode. 
It  is  a  3-bit  wide  (3  LSBs)  read/write  register  which  allows  MPU 
access  to  these  particular  pixel  control  bits  (see  Test  Diagnostics 
section). 

ID  Register 

This  is  an  8-bit  wide  read-only  register.  For  the  ADV7151  it  - 
will  always  return  the  hea^gfle^luiL'^rtue  8FH.       " '  -  ; 
Pixel  Mask  Register 

The  contents  of  the  pixel  read  mask  register  are  individually  bit- 
wise logically  ANDed  with  the  red,  green  and  blue  pixel  input 
stream  of  data.  It  is  an  g-bit  read/write  r^$t^^Sifi£ti''DO  CStSOe- 
sponding  to  RO,  GO  and  BO.  , ,    ■  - 

Command  Register  2  (CR2) 

This  register  contains  a  number  of  control  bits  as  shown  in  tke^'' 
diagram.  CR2  is  a  10-bit  wide  register.  However,  for  program- 
nung  purposes,  it  may  be  considered  as  an  S-bit  wide  register 
(CR2g  and  CR29  are  both  reserve^T. 


Th^  $liagram  below  shows  the  various  operations  under  the  con- 
trol of  GR2.  This  re^steir  can  be  read  from  as  well  as  written  to. 
In  read  mode,  CR28  and  CR29  are  both  returned  as  zeroes.  . 

COMMAND  REGISTER  2  (CR2)  BIT  DESCRIPTION 
P7  Trigger  Polarity  Control  (CR20) 

This  bit  is  used  when  the  device  is  in  test/diagnostic  mode.  It 
determines  whether  the  pixel  data  is  latched  into  the  test  regis- 
ters in  the  ri^ng  or  Ming  e4ge  of  R7  (see  Test  DiagQ0sti.cs 
section). 

IpLi.  Trigger  Control  (CR21) 

This  bit  specifies  whether  the  FLL  output  is  triggered  from 
BLANK  or  SYNC. 


SYNC  Recognition  Control  (CR22) 

This  bit  specifies  whether  the  video  SYNC  input    to  be 

encoded  onto  the  lOG  analog  output  or  ignored. 

Pedestal  Enable  Control  (CR23) 

This  bit  specifies  whether  a  0  IRE  or  a  7.5  IRE  blanking  pedei 

tal  is  to  be  generated  on  the  video  outputs. 

Pseudo-Color  Mode  Control  (CR27-CR24) 
"Piese  4  bits  iu^usad  taset  up  the  8-bit  pseudo-color  mode. 
I,%fbese  Ims  mi^p^ft^s  described  in  the  figure. 

4*  P 


-I. 


 JpK-  


^  (^CR23^  (^CR22  ^ 


PSEUDO  COLOR  MODE  CONTROL 

CR27      CR26      CR2i!  CR24 

MODE 

0            0           X  X 

8-BIT  PSEUDO  COLOR 

X=D0NTCARE 


PEDESTAL  ENABLE 
CONTROL 

CR23 

0 
1 

OIRE 
7.5  IRE 

SYNC  RECOGNITION 
CONTROL 

CRSZ 

0 
1 

IGNORE 
DECODE 

IPLLTRIQQER 

CONTROL 

CR21 

0 

SYNC 

1 

BLANK 

P7  TRIGGER 
POLARITY  CONTROL 

CR20 

0 

1 

1 

Command  Register  2  (CR2) 
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Ccnnnuuid'RegistMS  (CR3)  "  "  ^  .      -  - 

This  register  contains  a  nnniber  of  control  Vits'ii  ^homi-in  the 
diietBtt:  CR3  is  a  10-bit  wideiegwM':  Hdmetr^J^r  fibgfimi-  '■' 
ming  piltpises,  if  oay  be  cbnsictei«i'  as  atf  t^sVS  ' ' 

(CR38  and  CR39  are  both  reserved). 

The  diagram  below  shows  the  various  operations  under  the  con- 
trol of  CR3.  This  register  can  be  read  from  as  well  written  to. 
In  read  mode,  CR38  and  CR39  are  both  returned  as  zeroes. 

COMMAND  REGISTER  3  (CR3)  BIT  DESCRIPTION 

PRGCKOUT  Frequency  Control  (CR31-CR30) 

These  bits  specify  the  output  frequency  of  Ae  niGCKOUT 

output.  ma(3simpmmaM^itm^m^tlgd£il 

CLOCK.  '  ■  '  '■■  ^f' 


UJtNK  Pipelme  Delaf^OHIfrol  (CR35-CR32)     ~     .    -  ^ 
These  bits  specify  the  additional  pipeline  delay  that  caff  be 
actdedlD  the  BLANK  fiinfedon,  relative  to  the  overall  devfie 
pqwyae-dday  (tpi,)-  As  the  BLANK  control  aomully  enten  the 
video  DAC  fiom  a:  simnt^  ^piE&ie<4im  die 
this  control  is  nselid  in  deskewing  the  pipeline  differential.  ~ 

Pixel  Multiplex  Control  (CR37-CR36) 
These  bits  specify  the  device's  multiplex  mode.  It,  therefore, 
also  determines  the  frequency  of  the  LOADOUT  signal. 
LOADOUT  is  a  divided  down  version  of  the  pixel  CLOCK. 


■ji't  toii.v 


EXTRA  BLANK  PIPELINE  DELAY  CONTTOL." 
(ADDS  TO  PIXEL  PIPELINE  DELAY;  tpijTT" 


CR35  CR34  OR33  CR32 


BLANK  PIPELINE  DELAY 


,     1  X  LQABOUTv 


5  X  LOADOUT 


Mb  saanr. 


Oammond  QggistaiZ  lO^. 


uEtfunco  " 

•f-OI  a  u  J,  -' 
«?aB  li  .»v  ' 
r)  TBI  eta..  1 


MckSKOUT  FREQUENCY 
'  CONTROL 

CR31  cnso 

0  0 

0  1 

1  0 

1  1 

CLOCK  ^ 

CLOCK  «S 
CLOCK  *16 
CLOCK  (32 

Tbi*  information  applies  to  a  product  under  development.  Its  characteristies  and  specifications  arei  subject-to  cKange  vtMtout 
Analog  De\riees  assumes  ndfaMsMion'riiewtfha^^m  mM  '    33.  . 
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Figure  8.  RGB  Output  Terminatick  for  RS-^i^' 


S  Video  OutauL^veform 


Video  Output  Truth  Table 


SYNC 
LEVEL 


GREEN  OUT 

RED  OUT, 
BLUE  OUT 

DAC 

Description 

(mA) 

SYNC 

BLANK 

Input  Data 

WHITE  LEVEL 

i'-.'..  .- 

19.85 

1 

I 

si^  -;' 

VIDEO 

video  + 

video  +  1.44 

1 

1 

data 

VIDEO  to  BLANK 

video  + 

IM. 

video  +  1.44 

0 

1 

data 

BLACK  LEVEL 

9.05 

1.44 

1 

1 

OOOH 

BLACK  to  BLANK 

L44 

1.44 

0 

1 

OOOH 

BLANK  LEVEL 

7.62 

0 

1 

0 

XXXH 

SYNC  LEVEL 

0 

0 

0 

d 

XXXH 

This  infoitnation  appHes  to  a>ipradueit  undftr  development.  Its  eharacteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  mamiftxiture  unleu  otherwise  agreed  to  in  writing. 
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Ibe  AUV71M  has  an  on-board  clock  controller  circuit.  This  is 
driven  by  an  external  crystal  oscillator  which  must  be  capable 
of  generating  differential  clock  inputs  to  drive  CLCX^K  and 
CLOCK  of  the  ADV7151.  '  ;  1 

No  addhiooal  external  cloddng  devices  are  nec^sary.  A  sophis- 
ticated on-board  clocking  arrangement  generates  all  the  required 
internal  clocking  signals. 

Additional  functions  are  included  to  ease  system  design.  The 
PRGCKOUT  can  be  sufficiently  divided  down  and  can  be  used 
to  drive  the  video  clock  of  the  graphics  processor. 

In  its  simplest  form,  the  LOADOUT  pin  can  be  tied  directly  to 
the  LOADIN  pin,  as  shown.  The  pixel  data  LOADIN  rate  will 
be  detramined  bf  Q&<muigid«x  ia{^,  ^  


either  the  pixel  CLOCK  or  by  using  one  bit  of  pixel  data  as  a 
tr^er  bit  (P7).  This  latter  case  is  usefiil  when  the  pixd 
~CLOCK  is  coimected  to  a  free  numing  source. 

ModeO 

Normal  chq>  operation.  In  diis  mode,  the  test  registers  are  con- 
figured as  in  Figure.  12.  Both  the  pixel  test  register  and  the 
DAC  test  register  are  triggered  every  clock  cyde.  This  is  trans- 
parent to  the  general  user.  It  becomes  useful  when  there  is 
independent  control  over  the  CLOCK.  %  st^^ing  the  clock  in 
the  low  state,  the  data  in  the  test  registefs  can  te  lead  out  and 
verified. 


PIXEL  DATA-PAHI 


L 

D  Q 

TEST 

REGISTER 

> 

RD_EN 

Figure  10. 

TEST  DIAGNOSTICS 

Test  di^ostic  circuitry  on  the  ADV7151  allows  the  usSr  to 
debug  both  the  device  itself  and  its  interface  to  other  compo- 
nents in  the  system.  Essentially,  the  video  or  pixel  path  through 
the  device  can  be  monitored  via  the  MPU.  Monitoring  points,  in 
the  form  of  test  registers,  are  positioned  at  the  PIXEL  PORT, 
RAM  pmd  DAC  PORT.  Control  of  the  test  modes  is  determined 
by  the  Mode  Register  (MRl)  ai^  CoiAmand  R^i^  2.  Data  is 


PIXEL  DATA-PATH 


w 

■igure  12. 

Mode  1 

Pixel  Data  Path  Trigger.  In  this  mode,  the  test  register  trigger  is 
Ktivated  by  a  transition  on  the  P7  bit  of  the  pixel  port.  Figure 
12.  Bit  0  of  Command  Register  2  controls  whether  the  trigger  is 
activated  by  a  rising  edge  or  a  falling  edge  of  P7.  The  trigger  bit 
is  piped  through  the  chip  along  with  the  pixel  data.  This  means 
that  each  test  register  captures  the  pixel  with  the  transition  on 
P7  as  it  is  piped  through  the  chip.  Once  the  data  has  been  cap- 
tured, it  can  be  read  out  at  any  time,  even  if  the  pattern  is  cycli- 
cal with  the  same  pixel  repeatedly  activating  the  trigger. 

Mode  2 

RAM  Fast  Port  Test.  In  this  mode,  the  pixel  test  register  is  con- 
figured as  in  Figure  12,  and  the  DAC  test  register  conligtu-ed  as 
in  Figure  13.  The  DAC  test  register  is  triggered  every  clock 
cycle.  Data  written  into  the  pixel  test  register  enters  the  fast 
dau  path,  passes  through  the  palette,  and  gets  captured  at  the 
DAC  test  register. 

i-'  PIXEL  DATA-PATH 


MPUPOBT  » 

T  Q 
TEST 
REGISTER 

WR  

> 

Figure  13. 


Fmum  II. 


This  ii^iimation  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  np  obligation  liegarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 


REV.O 


ADV7151 


M0dcx3/v.  -I  !  .       .  1   

PABiEBfc,I)jctlli«  nwdn,  ilte  DA&te^  register  and  the  SYNC, 
SgM^-tfiVlAi  teM  ti^ister  we  inaofigured  as  in  Figure  13. 
Data  written  to  the  DAC  test  register,  and  the  SYNC,  BLANK 
and  PLL  test  register  is  reflected  at  the  DAC  outputs.  This 
allows  the  DACs  to  be  tested  over  thf  MPU  p^. 

Palette  Priority  Select  Inputs 

Hie  ytette.  pciOtiiy;8tfeCtjpn  function  allows  up  to  four  palette 
de<MMU  '^  iMiltat  analog  0/Ps  connected  together. 


During  initializattoa,  internal  R^sttn,  «diidii>riQrkize  each 
devicej  We  progeinuu^,  1180  and  PSl  inputs  iriU  ' 
the  piepwgMUBHed  devipes  at  any  insBint.  PSO  and  PSl  are  :  - , 
multi^aed  simibr  to  the  pixd  data,  thus  allowing  for  subpbed 
resolutiain.  This  enables  the  user  to  have  multiple  palettes  and/fc 
windows. 

Note:  Only  one  palette  device  is  selected  at  any  particular 
instant.  Thc/andcig  ^^.eC  tbe  unselected  devices  dmdd  be^ 
at  0  mA. 


ADV7150 


Figure  14. 
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PC  Board  Considerations 

The  layout  should  be  optimized  for  lowest  noise  on  the 
ADV7151  power  and  ground  lines  by  shielding  the  digital  inputs 
and  providing  good  decoupling.  The  lead  length  between  groups 
of  V^A  and  GND  pins  should  by  minimized  so  as  to  minimize 
inductive  ringing. 

Gronnd  Planes 

The  ground  plane  should«Beoflq»ss  all  ADV71S1  ground  pins, 
voltage  reference  circuitJ:yi>tj0Wislr  supply  bypass  circuitry  for  the 
ADV71S1,  the  amdqg  oM^pS  tneesj  aod  all  the  digital  8^|iwt  <' 
traces  lewfiDg  1Q>  t» 

P««wer  Planes 

The  ADV71S1  and  any  associated  analog  circuitry  should  have 
its  own  power  plane,  referred  to  as  the  andog  power  plane.  Tliis 
power  idane  should  be  connected  to  ^  regular  FCB  power 
plane  (Vcc)  at  a  angle  point  throi)^  a  fiarite  bead.  This  bead 
should  be  located  within  three  inches  of  the  ADV7IS1. 

The  PCB  power  plane  should  provide  power  to  all  digital  logic 
on  the  PC  board,  and  the  analog  power  plane  should  provide 
power  to  all  ADV71S1  power  ptm  and  voltage  reference 
circuitry. 

Plane-to-plane  noise  coupling  can  be  reduced  by  ensuring  that 
portions  of  the  regular  PCB  power  and  ground  planes  do  not 
overlay  portions  of  the  analog  power  plane,  unless  they  can  be 
arranged  such  that  the  plane-to-plane  noise  is  common  mode. 

Siqtply  DecoopUng 

For  optimum  performance,  bypass  capaEMO^^AuS'be  install) 
using  the  shortest  leads  possible,  consistent  with  reliable  op^f^ 
tion,  to  reduce  the  lead  inductance.  Best  performance  is 
obtained  with  a  0.1  ^iF  ceramic  capacitor  decoupling  each 
two  groups  of  V^A  pins  to  GND.  These  capacitors  diould  be 
placed  as  close  as  possible  to  the  device.  It  is  important  to  note 
that  while  the  ADV7151  contains  circuitry  to  reject  power  sup- 
ply noise,  this  rejection  decreases  with  frequency.  If  a  high  fre- 
quency switching  power  supply  is  used,  the  designer  should  pay 
close  attention  to  reducing  power  supply  noise  and  should  con- 
sider using  a  three  terminal  voltage  regulator  for  supplying 
power  to  the  analog  power  plane. 


i  i;ivolve(LlQiu  ciDck  lines  to  the 


Digital  Signal  Interconnect 

The  digital  inputs  to  the  ADV7151  should  be  isolated  as  much 
as  possible  from  the  analog  outputs  and  other  analog  circuitry. 
Also,  these  input  signals  should  not  overlay  the  analog  power 
plane. 

Due  tci'lhe  high  dodt  p 
ADV7151  should'^  M 

Any  active  termination  resistors  for  the  digital  il^tf  j^^ld^  b$ 
coimected  to  the  regular  PCB  power  plane  (VpGS|.!U^^tl^ 
analog  power  plane. 

Analog  Signal  Interconnect 

The  ADV71S1  should  be  located  as  close  as  possible  to  the  out- 
put connectors  to  minimize  noise  t^ickup.anfi.feQfftioiis  due  to 
impedance  mjipiiti^i.    j  ^.     ,,  -  ; 

The  video  output  signals  should  overlsydli^giaiind  plane,  and 
not  the  analog  power  plane,  to  maximize  the  high  frequency 
power  supply  rejection. 

For  mawmum  perfonnancp,  the  analog  outputs  should  each 
have  a  75  n  loa^flk^Mpnnected  to  GND.  The  coimection 
between  tha||m^MM>dFand  GND  shoiUd  be  as  close  as  pos- 
sibleJo»ie  minimize  reflectiata. 


n 


L  J 


This-1ih*SrttiStioin  applies  tS  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change-without  notice. 
Analog  Devices  assumes  no  obligaffon  regarding  future  ma^ufactu^e  unless  otherwise  agreed  to  in  writing.      '     '■  <■  • 
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REV.  0 


ANALOG  8-Bit  High  Speed,  IVIultiplying  D/A  ConveFteF 
DEVICES  -         (Universal  Digi^l  Logic  Interfeot)^ 


DAC-08 


FEATURES 

•  Fast  Settling  Output  Current  85ns 

•  Full-Scale  Current  Prematched  to  ±1  LSB 

•  Direct  interface  to  TTL,  CMOS,  ECL,  HTL,  PMOS 

•  Nonlinearity  to  0.1%  Maximum  Over  ^^ei^perattir^  BfiJOe . 

•  High  Output  Impedance  and 

Compliance    -10Vto+18V 

•  Complementary  Current  Outputs 

•  Wide  Range  Multiplying  Capability  ...  1  MHz  Bandwidth 

•  Low  FS  Current  Drift   ±10ppm/°C 

•  Wide  Power  Supply  Range   ±4.5Vto+18V 

•  Low  Power  Consumption   33mW@±5V 

•  Low  Cost  .  -.flf 

•  Available  in  Die  Form  i  ^t':^ 


GENERAL  DESCRIPTION 

TiM  DAC^  series  of  8-bit  monolithic  digital-to-analog 
converters  provide  very  high-speed  performance  coupled 
with  low  cost  and  outstanding  applications  flexibility. 

Advanced  circuit  design  achieves  BSns  settling  times  with 
very  low  "glitch"  energy  and  at  low  power  consumption, 
IVIonotonic  multiplying  performance  is  attained  over«  wKte 
SQ  to  1  reference  current  range.  Matching  to  within  1  LSP 
MiMireen  reference  and  full-scale  currents  eliminates  the 
need  for  fUll-Scale^  trimming  in  most  applications.  Direct 


interface  to  all  popular  logic  families  with  full  noise  immunity 
is  provided  by  the  high  swing,  adjustable  threshold  logic 
input. 

High  voltage  compliance  complementary  current  outputs  are 
provided,  increasing  versatility  and  enabling  differential 
operation  to  effectively  double  the  peak-to-peak  output 
swing.  In  many  applications,  the  outputs  can  be  directly 
converted  to  voltage  without  the  need  for  an  external  op  amp. 

All  DAC-08  series  models  guarantee  full  8-bit  monotonicity, 
and  nonlinearifies  as  tight  as  ±0.1%  over  the  entire  operating 
temperature  range  are  available.  Device  performance  is 
essentially  unchanged  over  the  ±4.5  to  ±  18V  power  supply 
range,  with  33mW  power  consamption  attainable  at  ±5V 
supplies.  .    .  M- 

The  compact  size  and  low  power  consumption  make  the 
OAC-08  attractive  for  portable  and  military/aerospace  appli- 
cations; devices  processed  to  MIL-STD-883,  Level  B  are 
available. 

DAC-08  applications  Intrude  8-bit,  1  ^is  A/0  converters,  servo 
motor  and  pen  drivers,  waveform  generators,  audio  encoders 
and  attenuators,  analog. ;meter  drivers,  programmablet,power 
supplies,  CRT  display  drivers,  high-speed  modems  and  Qther 
applications  where  low  cost,  high  speed  and  complete  Input/ 
output  versatility  are  required. 


EQUIVALENT  CIRCUIT 


VREF(-1  ,5 


qBI  oB2  pB3  nB4  oB5  oBS  oB7  o  BB 

[6  -  [8  Y  -  TB  TB        -  I"  [" 


4  ^  lOUT 


"OUT 


REV.  A 


DIGITAL-TO-ANALOG  CONVERTERS  2-923 


ABSOLUTE  MAXIMUM  RAtlH^i(ii^»l)!K  l  ' ! 

Operating  Temperature  ' 

DAC-08AQ,  Q  -55°C  to  +125°C 

DAC-08HQ,  EQ,  CQ,  HP,  EP,  CP,  CS  0°Cto  +70°C 

Junction  Temperature  (T,)  -65°C  to  +150°C 

Storage  Temperature  Q  Pacl<age  -65°C  to  +150°C 

Storage  Temperature  P  Pacl<age  S5°C  to  +125°C 

Lead  Temperature  (Soldering,  60  sec)  300°C 

V+  Supply  to  V- Supply  36V 

Logic  inputs  V- to  V- plus  36V 

V|_2   V-toV+ 

Analog  Current  Outputs  (at  Vg-  =  15V)  4.25mA 

Reference  Input  (V,  ^  to  V,  5)  V-  to  V+ 


Reference  Input  DifferentiafVoltSQo . 


(V,,toV,^  „  ™„1... 

Reference  Input  Cun'ent  (1,  J  .. 

„:.„..±i8v 

PACKAGE  TYPE  B^^ 

(NOTE  2) 

«|C 

UNITS 

16-Pin  Hermetic  DIP  (Q) 

100 

18 

°c/w 

16-Pin  Plastic  DIP  (P) 

82 

39 

•c/w 

2a-Conlact  LCC  (RC) 

76 

36 

•c/w 

16-Pln  SO  (S) 

111 

35 

•c/w' 

NOTES: 

1 .  Absolute  maximum  ratings'  apply  to  both  DICE  and  packaged  parts,  unless 
oUierwlse  noted. 

2.  B.^  IrjqmRed  for  worst  case  mounting  conditions.  I.e.,  Is  specified  for 
dsvica  In  socket  for  CerDIP,  P-OIP,  and  LCC  packages:  is  specified  for,, 
device  soldered  to  printed  circuit  board  for  SO  package. 


ELECTRICAL  CHARACTERISTICS  at  Vs=±15V,  lREF=2.0mA,-55°C<TA<  +  125°CforDAC-08/08A,0°C<TA<+7Q°Cfor 
(DAC-^C,  fi&  H,  unless  otherwise  noted.  Output  characteristics  refer  to  both  Iqut  and  Iqut- 


DAC-08A/H 

□AC-08E 

DAC-08C 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN      TYP  MAX 

UNITS 

.  jgssoiuiiQ/v- 

8 

8 

8          —  — 

Bits 

Ntonotonlcliy  .      "  ^  ■ 

8 

- 

- 

8 

- 

- 

Bits 

lAiii linearity"^  ■  .    "Ir*    '  ■ 

nL- 

■-A                   -si:  '  •• 

"■±0.19 

!id-8  1©  as.  ^  .  ±0.39 

^tling  Tar^ ,  -,(--• 

Jo  ±1/2  LSB,  all  bits  switctied 
ONorOFF.TA=25"C,  iNotei 

85 

135  • 

,,  150 

1  -t-.Ilt    T(  llfV  WlVV 

Propagation  Delisy 

Ta=25-C  ' 

Each  bit  ~ 
All  bits  switched 

35 
35 

60 
60 

- 

35 

35 

60 

60 

—  35  60 

—  36  60 

ns 



Full-Scale  Tempco 

I  Note  1 

TCIps 

-?y-T  TT-T  1^^  :  ■  

DAC-08E  >«n;*-^ 

+  10 

±50 

±10 

+  80 

—       ±10  ±80 

j)p«n/^p 

Output  Voltage  Compliance 

%B 

Full-Scale  current  change 

<  1/2  LSB,  Rout  »  20MJ1  typical 

-10 

'"J 

•1-18 

-10 

-MB 

C>filmrflhJ  sf>3S-:i 

-10         —  +18 

'•:>•  ..n< 

V 

VpiEF  =  10.000V 

Full  Range  Current 

'ffm 

Rl4,  Ri5  =  5.000kll 

1.984 

1.992 

2.000 

1.34 

1.99 

2.04 

'  mA. 

T;j=-f25°C 

!  Full  Range  Symmetry 

IfB4"'fR2 

±0.5 

±4 

±1 

±8 

—        ±2  ±16 

mA 

1  Zero-Scale  Current 

Izs 

6.1 

1 

0.2 

2 

—        0.2  4 

l-A 

2.1         —  — 

lOR^ 

R,4,  R,5  =  5.000kn 

2.T 

2.1 

Output  Current  Range 

VbeF  =  +t5.0V,  V-=-10V 

mA 

IQRj 

VnEF  "  +2S.9V.  V-  =  -1ZV 

4.2 

4.2 

42         —  — 

Output  Current  Noise 

l„EF  =  2mA 

25 

25 

—         25  J- 

53r  nA 

Logic  Input  Levels 

Logic  "0" 

V|L. 

0.8 

■  0.8 

-         -  0.8 

V 

Logic  Input  "1" 

V|L 

2 

2 

2         —  — 

Logic  Input  Current 

Vlc  =  OV 

Logic  ■  0" 

IlL 

V|N  = -10V  to -t-S,8V  ^ 

.  -2 

-10 

-2 

-10 

—         -2  -10 

Logic  Input  "1" 

l|H 

V|N=2.0Vto.181i"-'  

0002 

10 

.  6.002 

10 

—     0.002  10 

Logic  Input  Swing 

V|S 

V-  =  -15V 

-10 

■US 

-10 

■ne 

-10         —  +18 

V 

Lggic  Thr^pld  Range. 

Vs  =  ±15V.  iNotB) 

.rip. 

-H3.5 

-10 

-H3.5 

-10         —  +13.5 

V 

Reference  Bias  Current 

■is 

-1 

-3 

-1 

-3 

—        -1  -3 

mA 

Req  =  20011  See  fast  pulsed 

Reference  Input  Slew  Rate 

dl/dt 

R|.  =  10011    ret.  info. 

Cc  =  OpF     following.  (Notei 

A 

8 

4 

8 

4            8  — 

mA/ftf 

PSSlfst 
PSSIfs- 

W+ 5=  4^  to  18V 

—  ±0.0003 

±0J)1 

—  ±0.0003 

±0.01 

— ±fl,flB03    ±0.01  K.JIo/»AV+ 

Power  Supply  Sensitivity 

tf-=-4.6Vto-18V 
lREF  =  i-OmA 

±0.002 

±0.01 

±0.002 

±0.01 

—  JOJWS  ±0.01 

%Jlo/%,^V- 

NOTE:  Guaranteed  by  design. 
^24 


fEm 


REV.A 


mm 


.iUGTBICAI.CH/WBACTfRISTICSat\fe=r±15VjR6F^2 

j  DAC-08C,  E  &  H,  unless  otherwise  noted.  Output  characteristics  refer  to  both  loujaicl  I  out-  (Continued) 


MRAMETER 


svMBOt. '  J  cdMomoNS 


DAC-MA/H,  DAC-,08E  DAC-08C 


Power  Supply  Currant 


I- 
1+ 
h 


=  +5V, 


REF 


=  1.0mA 


Vg  =  +5V.  -15V,  Ihef  =  2.0mA 
Vs  =  ±1SV,  l„EF  =  2.0inA 


—  2.3 

—  -4.3 

—  2.4 

—  -6.4 

—  2.5 

—  -6.5 


3.8 
-5.8 

3.6 
-7.8 

3.8 
-7.8 


2.3' 
-4.3 

2.4 
-6.4 

2.5 
-6.5 


-5.8 
3.8 

-7.8 
3.8 
-7.8 


2.3 
-4.3 

2.4 
-6,4 

2.5 
-6.5 


3,8 
-5,8 

3,8 
-7,8 

3,8 
-7.8 


Pcmer  Dissipation 


+5V.  I„EF=  1.0mA 
+5V.  -15V.  l„fF  =  2.amA 


108 
135 


48 
136 
174 


—  33  48 

—  103  136 

—  13S  174 


—  33  48 

—  108  136 

—  135  174 


NOTE:  Guaranteed  by  deaign. 


ORDERING  INFORMATIONt 


PIN  CONNECTIONS 


16-PIN  DUAL-IN-LINE  PACKAGE 

OPERATING 

TEMPERATURE 

NL 

HERMETIC 

PLASTIC 

LCC 

RANGE 

O.IK 

DAC08AQ- 

tiAcoaHP 

—      .  MIL 

"COM  : 

0.19* 

DACOSQ* 
QAC08EQ 

EMCC&P 

DAC08RC/883 

MIL 
COM 

OAcoaco 

DAC08CP 
DACOSGStt 

COM 

*    For  devices  processed  in  total  compliance  to  M IL-STD-883,  add  /883  after  part 

number.  Consult  factory  for  883  data  stieet. 
t    Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

CerDIP,  plastic  DIP,  and  TO-ceii  padwgas. 
tt  For  ayailaUllty  and  bum-In  Intermatlbn  on  SO  and  Mbc  packages,  contact 
,  your  Jocal  aalaa  office. 


16-PIN  DUAL-IN-LINE 
PACKAGE 

(O-Sufflx) 


v+[i  • 

li]  B8  LSB 

*MF(-*)  EE 

1b\  87 

If]  B6 

COMP  [T 

'Taj  BS 

12]  B4 

"out  Cl 

jT]  B3 

to]  82 

'out  U 

T]  81  MSB 

16-LEAD  SO 

(S-Sufflx) 

r  UJUJlLjlHiHS 

I]  [«  Vhef(+) 

Z]  v+ 

T\  n.c. 

7]  [15  B8LSB 

T]  QT  B7 

S  3  y  8  S, 

DAC-08RC/883 
20-LEAD  LCC 
(RC-SuffIx) 


REV.  A 


DIGITAL'TO-ANALOG CONVERTERS  2-92S 


DICE  CHARACTERISTICS    (125° C  TESTED  DICE  AVAILABLE) 


(K2eaxi£ninin,3.S4sq.  mm) 


WAFER  TEST  LIMITS  at  Vs  =  ±  15V,  I  ref  =  2.0mA,  =  125°  C  for  OAC-OWJT.  DAC-08GT  devices;  Ta  ="25° C  for  DAC-08N, 
DAC-08G  and  DAC-08GR  devices,  unless  otherwise  noted.  Output  characteristics  apply  to  both  louTand  'out- 


DAC-08NT 

DAC-OBN 

DAC-08GT 

DAC-08G 

DAC-08GR 

PARAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

LIMIT 

LIMIT 

LIMIT 

LIMIT 

UNITS 

Resolution 

8 

8 

8 

8 

8 

Bits  MIN 

Monolonicity 

8 

8 

8 

8 

8 

BitsMIN 

Nonlmearity 

NL 

+0.1 

±0.1 

+  0.19 

+  0.19 

±0.39 

%FS  MAX 

Output  Voltage 

Full-Scale  Current 

+  18 

+18 

+  18 

+  18 

+  18 

V  MAX 

Compliance 

Voc 

Change  <  1/2  LSB 

-10 

-10 

-10 

-10 

-10 

V  MIN 

Ful^ScaJ^  Current 

iFSjOr 

Vref  =  10.000V 
R,4.R,5  =  5.000kIl 

2.04 
1.94 

2.04 
1.94 

2.04 

2.04 
1.94 

2.04 
.1,94 

mA  MAX 
niA  MIN 

Full-scale  Symmetry 

+8 

+8 

±8 

±» 

"  -  '^jiAMAX 

Zero-Scale  Current 

Izs 

2 

2 

4 

4 

4 

jiAMAX 

V-  =  -10V, 

1 

'  Output  dtirreht  Range 

IpsiW 

y«gi!=+i5v 

*-=-12V, 

2.1 

2.1 

2-1 

2.1 

El 

mA  MIN 

'fS2 

V„EF=+25V 
Rt4,R,s=  5.0001(11 

4.2 

4.2 

4.2 

4.2 

4.2 

mAMIN 

Logic  Input  "0" 

V,L 

0.8 

0.8 

as 

VMAX 

Logic  Input  "1" 

V|H 

2 

2 

2 

2 

2 

VMIN 

Logic  Input  Current 

Vlc=OV 

Logic  "0" 

l|L 

V|f,  =  -10Vto+0.8V 

±10 

±10 

±10 

±10 

±10 

/lAMAX 

^  Logic  "1" 

'JH  

JV|M  =  2.0Vto18y 

±10 

±10 

±10 

±10 

Logic  Input  Swing 

V|S 

V-  =  -15V 

-US 
-10 

+  18 
-10 

+  18 
-10 

+  18 
-10 

+18 
-10 

V  MAX 
VMIN 

Reference  Bias 
Current 

-3 

-3 

-3 

-3 

-3 

(lAMAX 

Power  Supply 
Sensitivity 

PSSIFS+ 
PSSIps- 

V+  =  4.5V  10  18V 
V-  =  -I.SV  to  -18V 
Iref  -  1.0mA 

0.01 

0.01 

0.01 

0.01 

0.01 

%FS/%V  MAX 

Power  Sypply  Current 

1+ 

Vs=  ±15V 
Iref<  2.0mA 

3.8 
-7.8 

3.8 
-7.8 

3.8 
-78 

3.8 
-7.8 

3.8 
-78 

raA  MAX 

Power  Dissipation 

Vs=  ±15V 
Iref-  2.0mA 

174 

174 

174 

174 

174 

mWMAX 

NOTE: 


Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not 
guaranteed  for  startdard  product  dice.  Consult  factory  to  negotiate.  9peGjS^i!lQ^^.^$BQd  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 


2-926  DIGITAL-TO-ANALOG  CONVERTERS 


REV.  A 


DAC-08 

TYPICAL  ELECTRICAL  CHARACTERISTICS  at  Vs  = 

characteristics  apply  to  both  louTand  lour- 

±1SV,  and  inEF'*^  2.0fnA,  unless  otherwise  noted.  Oufpiit 

PARAMETER 

SYMBOL  CONDITIONS                           .•  ' 

ALL  GRADES 

TYPICAI.  UNITS 

Reference  Input 
Slew  Rate 

dl/dt      .,!<  i .  j 

8  mA/iis 

Propa{|rilon  Delay 

.  «pm.vW,t*=^25»C.AnyBit 

35  ns 

- 

Settling  Time 

To±t/2LSB.AIIB^ 
tg   .  .Swi^cliedsON  grO^.: 

-  T»=a5«e  ;" 

85  ns 

(■•«»TE:  ■  i  {,.•] 

'  for  DAC08NT  &  GT25°C  characteristics,  8ts  DAC08l«||ft@  eharae<eriMics 

tMapecttvfly.  ,         i.  '      '  [ 


REFERI 


BURN-IN  CIRCUIT 


OPTIOHM.RESWTOR 
FORO 


ONOCAP  O  ~Li~  — 


FAST  PULSED 

REFERENCE  OPERATION 


REQ  *  200il        200NSEC/DI VISION 

rl  - iDon 
cc  -  0 


>R1 


16    15   14    13   12  11    10  9 
DAC-08 

1     2     3     4     5     6     7  8 


CI  -  (MNtlfiF 
C2.  C3  -  OAlfiF 


TRUE  AND  COMPLEMENTARY 
OUTPUT  OPERATION 


LSB  SWITCHING 


SONSEC/DIVISION 


FULL-SCALE  SETTLING  TIME 

ALL  BITS  SWl  ICHI£D  ON 


LOGIC  INPUT 

0.4V- 

OUTPUT  -VZLSB- 
SETTLING  0- 


i 

1/  icrc 

SETTLING  TIME  FIXTURE  SOMSEC/DIVISION 

IFS  =  2")A,  Rl  =  Ikn 
1/2LSB  =  4fiA 


HEV.A 


DtGITAL'TO'ANALOG  CONVERTERS  2-927 


DAC-08 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


FULL-SCALE  CURRENT  «s 
REFERENCE  CURRENT 


1 

Ta  =  1 
ALL  B 

'  1 

MIN  TO  T 

TS  "HIGH 

MAX 

" 

im 

V- 

IT  FOR 
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LOGIC  INPUT  CURRENT  vs 
INPUT  VOLTAGE 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


POWER  SUPPLY 
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BASIC  CONNECTIONS 

ACCOMMODATING  BIPOLAR  REFERENCES 
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BASrC  POStUVE  REFERENCE  OPERATION 
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BASIC  cmitmmm 
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BASIC  BIPOLAR  OUTPUT  OPERATION 
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RECOMMENDED  FULL-SCALE  ADJUSTMENT  CIRCUIT 


BASIC  NEGATIVE  REFERENCE  OPERATION 
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BASIC  CONNECTIONS 

POSITIVE  LOW  WBiSAMgE  PjJITIf'VT  OPERATION 
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FOR  COMPLEMENTARY  OUTPUT  (OPERATION  AS  A  NEGATIVE  LOGIC  OAC), 
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NEGATIVE  LOW  IMPEDANCE  OUTPUT  OPERATION 
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INTERFACING  WITH  VARIOUS  LOGIC  FAMILIES 
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APPUCATIONS  INFORMATION 


bA*«»JFIER  SET-UP,  ,  ,    .  ^ 

The  DAC-OB  (is  aitnultiplying  D/AveMtvaciME'lir. which  the 
output  cur5f^^j8j|»^^^|j(5^^^|^p|^,njp|(^  ant)^ 
input  reference  ourrem.'The  re&rance  eurrem  may  he  fixed 
ormaViaikffrMh«te%Ul^(b44.o}^A.fhi^i!in 


•fb=^ xIrep. where Ibef=Im.        '  ' 
In  positive  referanM  mpftmimm^WSmmlif^mmmmi- 

minalidiin  14)  of  iherMMeoef^plif  ier.  A\tBm0tKl$»mm 
aflm  Ntfeience  may  bvtfil^»A*o  Vref(-)  at  pin;Wt*B^mtm 
current  flows  from  ground  throu0l)  Ri4into  Vrefc-i-i  as  in  the 
positive  reference  case.  This  negative,iWtefence  connection 
heus  thQ  advantage  of  a  very  high  imped8rice,presented  at  pin 


15.  The  voltage  at  pin  14  is  equal  to  and  tracl<s  the  voltage  at 
pin  15  due  to  the  high  gain  of  the  internal  reference  amplifier. 
Ri5  (nominally  equal  to  R14I  is  used  to  cancel  bias  current 
errors;  R15  may  be  eliminated  with  only  a  minor  increase  in 
error. 

Bipolar  references  may  be  accommodated  by  offsetting  Vref 
or  pin  15.  The  negative  common-mode  range  of  the  reference 
amplifier  is  given  by:  Vcm-=  V-  plus  (IrerX  Ikfl)  Plus  2.5V. 
The  positive  common-mode  range  is  V+  less  1.5V. 

When  a  OC  reference  is  used,  a  reference  bypass  capacitor  is 
recommended.  A  5.0V TTL  logic  supply  is  not  recommended 
as  a  reference,  if  a  regulated  power  supply  is  use^  a?  a 
reference,  R14  should  be  split  into  two  resistors  tt)e 
jufictipn  bypassed  to  p^uji^  with  a  0.1/»F  c^pf^^.     : ^ 

FarmaatapfMcatlortBllMnight  relationsmp  between  It^anit 

Ifs  will  eliminate  the  need  for  trimming'  tnEC-  tf  required; 
full-scale  trimming  may  be  accomplished  by  adjusting  the 
value  of  R14,  or  by  using  a  potentiometer  for  R14.  An  improved 
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method  of  full-scale  trimming  which  eliminates  potentiome- 
ter T.C.  effects  is  shown  in  the  recommended  full-scale 
adjustment  circuit.  ,,_  .    .  „, 

Using  lower  values  of  reference  current  reduces  negative 
power  supply  current  and  Increases  reference  amplifier  neg- 
ative common-mode  tmn|e.  Th9  recommended  range  lot 
operation  with  a  □0i^mif^^ie«ifiMls  +O.2mA  to  +4O 

REFERENCE  AMPLIFIER  COMPENSXnONTOir  "^ 
MULTIPLYING  APPLICATIONS 

AC  reference  applications  will  require  the  reference  amplifier 
to  be  compensated  using  a  capacitor  from  pin  16  to  V-.  The 
value  of  this  capacitor  depends  on  the  impedance  presented 
to  pin  14:  for  Ri4  values  of  1.0, 2.5  and  S.Okfl,  minimum  values 
of  Cc  are  15,  37,  and  75pF.  Larger  values  of  R14  require 
proportionately  increased  values  of  Cc  for  proper  phase 
margin.^uch  that  the  ratio  of  Gc(pF)  to  ft«  (kfl)  =15. 

For  fastest  response  to  a  pulse,  low  values  of  F|.|4  enabling 
small  Cc  values  should  be  used.  If  pin  14  is  driven  by  a  high 
Impedance  such  as  a  transistor  current  source,  none  of  the 
above  values  will  suffice  and  the  amplifier  must  be  heavily 
compensated  which  will  decrease  overall  bandwidth  and 
slew  rate.  For  Ri4=  IkOand  Cc  =  15pF,  the  reference  ampli- 
fier slews  at  4mA/ Its  enabling  a  transition  from  Iref  =  0  to 
'  Iref  =  2mA  in  500ns. 

Operation  with  pulse  inputs  to  the  reference  amplifier  may  be 
accomodated  by  an  alternate  compensation  scheme.  This 
technique  provides  lowest  full-scale  transition  times.  An 
internal  clamp  allows  quick  recovery  of  the  reference  ampli- 
fier from  a  cutoff  (Iref  =  0)  condition.  Full-scale  transition 
(0  to  2mA)  occurs  in  1 20ns  when  the  equivalent  impedance  at 
pin  1 4  is  200n  and  Cc= 0.  This  yields  a  reference  slew  rate  of 
16mA//is  which  is  relatively  independient  of  R|n  and  V|n 
values.  ; 

LOGIC  INPUTS 

The  DAC-08  design  incorporates  a  unique  logic  input  circuit 
which  enables  direct  interface  to  all  popular  logic  families 
and  provides  maximum  noise  immunity.  This  feature  is  made 
possible  by  the  large  input  swing  capability,  2mA  logic  input 
current  and  completely  adjustable  logic  threshold  voltage. 
For  V-  =  -15V,  the  logic  inputs  may  swing  between  -10V  and 
+  18V.  This  enables  direct  interface  with  +15V  CMOS  logic, 
even  when  the  DAC-08  is  powered  from  a  +5V  supply.  Min- 
imum input  logic  swing  and  minimum  logic  threshold  voltage 
are  given  by:  V-  plus  (IrefX  IkH)  plus  2.5V.  The  logic  thresh  - 
old may  be  adjusted  over  a  wide  range  by  placing  an 
appropriate  voltage  at  the  logic  threshold  control  pin  (pin  1, 
Vlc).  The  appropriate  graph  shows  the  relationship  between 
Vtcand  Vth  over  the  temperature  range,  with  Vjh  nominally 
t.4  above  Vlc-  For  TTL  and  DTL  interface,  simply  ground  pin 
1  When  Interfacing  ECL,  an  I  ref=  1  ""A  is  recommended.  For 
rnterfacin0  other  logic  familieis,  see  precedirig  page,  For  gen- 
eral set-up  of  the  logic  cbntirtirc<rtiAf,-jtshouier  be  noteil  that 

PfiMest  settling  times  are  obtained  when  pin  1  sees  a  low 
Mt>edance.  If  pin  1  is  connected  to  a  Ikn  divider,  for  exam- 
pie,  it  should  \M.\a!^(me>M'im'9rmimS^''^%t^XI0-mitm0t9f- 


ANALOG  OUTPUT  CURRENTS 

Both  true  and  complemented  output  sink  currents  are  pro- 
vided where  Iq  +  1^=  Ips-  Current  appears  at  the  "true"  (Iq) 
output  when  a  "1"  (logic  high)  is  applied  to  each  logic  input. 
As  the  binary  count  increases,  the  sink  current  at  pin  4 
increases  proportionally,  in  the  fashion  of  a  "positive  logic" 
D/A  converter.  When  a  "0"  is  applied  to  any  input  bit,  that 
current  is  turned  off  at  pin  4  and  turned  on  at  pin  2.  A 
decreasing  logic  count  increases  Iq  as  in  a  negative  or 
inverted  logic  D/A  converter.  Both  outputs  may  be  used 
simultaneously.  If  one  of  the  outputs  is  not  required  it  must 
be  connected  to  ground  or  to  a  point  capable  of  sourcing  IpsI 
do  not  leave  an  unused  output  pin  open. 

Both  outputs  have  an  extremely  wide  voltage  compliance 
enabling  fast  direct  current-to-voltage  conversion  through  a 
resistor  tied  to  ground  or  other  voltage  source.  Positive 
compliance  is  36V  above  V-  and  is  independent  of  the 
positive  supply.  Negative  compliance  is  given  by  V-  plus 
(iREpXIkn)  plus  2.5V. 

The  dual  outputs  enable  double  the  usual  peak-to-peak  load 
swing  when  driving  loads  in  quasi-differential  fashion.  This 
feature  is  especially  useful  in  cable  driving,  CRT  deflectioi^ 
and  in  other  balanced  applications  such  as  driving  center-» 
tapped  coils  and  transformers.  j 

POWER  SUPPLIES 

The  DAC-08  operates  over  a  wide  range  of  power  supply 
voltages  from  a  total  supply  of  9V  to  36V.  When  operating  at 
supplies  of  ±5V  or  less,  Iref  £  1mA  is  recommended.  Low 
reference  current  operation  decreases  power  consumption 
and  increases  negative  compliance,  reference  amplifier  neg- 
ative common-mode  range,  negative  logic  input  range,  and 
negative  logic  threshold  range;  consult  the  various  figures 
for  guidance.  For  example,  operation  at  -4.5V  with  Iref  = 
2mA  is  not  recommended  because  negative  output  com- 
pliance would  be  reduced  to  near  zero.  Operation  from  lower 
supplies  is  possible,  however  at  least  8V  total  must  be  applied 
to  insure  turn-on  of  the  internal  bias  network. 

Symmetrical  supplies  are  not  required,  as  the  DAC-08  is 
quite  insensitive  to  variations  in  supply  voltage.  Battery 
operation  is  feasible  as  no  ground  connection  is  required: 
however,  an  artificial  ground  may  be  used  to  insure  logic 
swings,  etc.  remain  between  acceptable  limits. 

Power  consumption  may  be  calculated  as  follows: 

Pd  =  (1+)  (V+)  +  (I-)  (V-).  A  useful  feature  of  the  DAC-08 
design  is  th^t  sup.piy,j^i;rer)t  is  constant  and  independent  of 
input  logic  states;  this  is  useful  in  cryptographic  applications 
and  further  serves  to  reduce  the  size  of  the  power  supply 
bypass  capacitors. 

TEMPERATURE  PERFORMANCE 

The  nonlinearity  and  monotonicity  specifications  of  the 
DAC-08  are  guaranteed  to  apply  over  the  entire  rated  operat- 
ing temperature  range.  Fuil'^aleoutput-earrwit  drift'iBlow, 
typically  ±10ppm/°C,  with  zeilcHscale  output  cuitent  and 
drift  essentially  negligible  compared  to  1/2  LSB. 

The  temperature  coefficient  of  the  reference  resistor  R14 
should  match  and  track  that  of  the  output  resistor  for  min- 


imum  overall  full-scale  drift.  Settling  tim^  of  the  DAC-08 
decrease  approximately  10%  at -55°  C;  at + 125°  C  an  increase 
of  about  15%  is  typical. 

The  reference  amplifier  must  be  compensated  by  using  a 
capacitor  from  pin  16  to  V-.  For  fixed  reference  operation,  a 
0.01 /<F  capacitor  Is  recommended  For  variable  reference 
applications,  see  previous  section  entitled  "Tteference  Ampli- 
fier Compensation  for  Multiplying  Applications". 

HULTIPLYING  OPERATION 

The  DAC-08  provides  excellent  multiplying  performance 
with  an  extremely  linear  relationship  between  Ips  end  Iref 
over  a  range  of  4mA  to  4/>A.  Monotonic  operation  is  main- 
tained over  a  typical  range  of  iREpfrom  lOO/iA  to  4.0mA. 

SETTUNG  TIME 

The  DAC-08  is  Capable  of  extremely  fast  settling  times, 
^ically  85ns  at  Iref  =  2.0mA.  Judicious  circuit  design  and 
careful  board  layout  must  be  employed  to  obtain  full  perfor- 
mance potential  during  testing  and  application.  The  logic 
switch  design  enables  propagation  delays  of  only  3Sns  for 
each  of  the  8  bits.  Settling  time  to  within  1^  LSB  of  the  LSB  is 
0ierefore  35ns,  with  each  progressively  larger  bit  taking 
successively  longer.  The  MSB  settles  in  8Sns,  thus  deter- 
mining tiie  overall  settling  time  of  8Sns.  Settling  to  6-bit 
accuracy  requires  about  65  to  70ns.  The  output  capacitance 
of  the  DAC-08  Including  tiie  package  is  approximately  15pF, 
therefore  the  output  RC  time  constant  dominates  settling 
time  if  RL>500n. 

Settling  time  and  propagation  delay  are  relatively  Insensitive 
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to  logic  input  amplitude  and  rise  and  fall  times,  due  to  the 
high  gain  of  the  logic  switches.  Settling  time  also  remains 
essentieliy  constant  for  Iref  values.  The  principal  advantage 
of  higher  I  ref  values  lies  in  the  ability  to  attain  a  given  output 
level  with  lower  load  resistors,  thus  reducing  tife  output  RC 
time  constant. 

Measurement  of  settling  time  requires  the  ability  to  ac- 
curately resolve  ±4/iA,  therefore  a  1kn  load  is  needed  to 
provide  adequate  drive  for  most  oscilloscopes.  The  settling 
time  fixture  shown  in  schematic  lat>elied  "Settling  Time 
Measurement"  uses  a  cascode  design  to  permit  driving  a  1  kn 
load  with  less  than  5pF  of  parasitic  capacitance  at  the 
measurement  node.  At  Iref  values  of  less  than  1.0mA, 
excessive  RC  damping  of  the  output  is  difficult  to  prevent 
while  maintaining  adequate  sensitivity,  l-lowever,  the  major 
carry  from  01111111  to  10000000  provides  an  accurate 
indicator  of  settling  time.  This  code  cliange  does  not  require 
the  normal  6.2  time  constants  to  settle  to  within  ±0.2%  of  the 
final  value,  and  thus  settling  times  may  be  observed  at  lower 
values  of  Iref- 

DAC-08  switching  transients  or  "glitches"  are  very  low  and 
may  be  further  reduced  by  small  capacitive  loads  at  the 
output  at  a  minor  sacrifice  In  settling  time. 

Fastest  operation  can  be  obtained  by  using  shiort  leads, 
minimizing  output  capacitance  and  load  resistor  values,  and 
by  adequate  bypassing  at  the  supply,  reference  and  V^c 
terminals.  Supplies  do  not  require  large  electrolytic  bypass 
capacitors  as  the  supply  current  drain  Is  independent  of  input 
logic  states;  O.lfiF  capacitors  at  the  supply  pins  provide  full 
transient  protection. 


SETTLING  TIME  MEASUREMENT 


FOR  TURN-ON.  Vl  =  2.7V 
FOR  TURN-OFF,  Vl  "  0.7V 


0.7V  ° 


~  V|N  111 

f  n 

T»  T?  Ts  T»  toTniiz  < 


VOUT  IX 
PROBE 


—     +15VO  0_t5V  — 


3  |16 
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sbe  r. 


r.p  "■.,•6  7  ■*   '-.*       loi  r  off  '^T'Fcjmo' 


.     .  -  ^ 
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U  DEVICES 


(Universal  Digital  Logic  Interface) 


FEATURES 

•  Fast  Settling  SSm 

•  Low  Full-Scale  Drift   10ppni/°C 

•  Nonllnearity  to  0.05%  Max  Over  Temp  Range 

•  Complementary  Current  Outputs   0  to  4mA 

•  Wide  Range  Multiplying  Capability  ...  1  MHz  Bandwidth 

•  Wide  Power  Supply  Range  . .  +5,  -7.5  Min  to  ±18V  Max 

•  Direct  Interiace  to  TTL,  CMOS,  ECL,  PMOS,  NMOS 
•-Avaitabl»inDteSa(m'  .        -  .  — 

ORDERING  INFORMATION  * 


PACKAGE:  18-PIN  CERDIP 

NL 

COMMERCIAL  TEMPERATURE 

LSB 

0°CtO+70*C 

±ia 

DAC10FX 

±1 

DAC10GX 

±1 

DAC10GS 

*    For  devices  processed  in  total  compliance  to  MIL-STO-88St.add/863 after  part 

number.  Consult  factory  for  883  data  sheet, 
t   Burn-in  is  available  on  comnwrcial  and  lnduatri«ltmnpe^ttire  rang*  parts  In 

CerOIP,  piastle  DIP,  and  TO-ean  packagea. 


GENERAL  DESCRIPTION 

The  DAC-10  series  of  10-bit  monolithic  multiplying  digital- 
toe«rtaiog  convertefs  provide  high-speed  performance  and 
fuH-scaie  accuracy. 

Advanced  circuit  design  achieves  85ns  settling  times  with 
very  low  'glitch'  energy  and  low  power  consumption.  Direct 
interfacetoail-popular  logic  families  with  full  noise  immunity 
is  provided  by  the  high-swing,  adjustable-threshold  logic 
inputs. 


All  DAC-10  series  models  guarantee  full  10-bit  monotonicity, 
and  nonlinearities  as  tight  as  ±0.05%  over  the  entire  oper- 
ating temperature  range  are  available.  Device  performance  is 
essentially  unchanged  over  the  ±18V  power  supply  range, 
with  85mW  power  consumption  attainable  at  lower  supplies.  I 

A  highly  stable,  unique  trim  method  is  used,  which  selectively  I 
shorts  zener  diodes,  to  provide  1/2  LSB  full-scale  accuriey^ 
without  the  need  for  la^er  trimming. 

Slngle-cKipreilabiifty  coupled  with  low  cost  and  outstanding 
flexibility  make  the  DAO-IOdevice  an  ideal  building  bloek  for 
A/D  converters.  Data  Acquisition  systems,  CRT  display^ 
programmable  test  equipment,  and  other  applications  wl^era 
low  power  consumption,  input/output  versatility,  and  long- 
term  stability  are  required. 

PIN  CONNECTIONS 


VLC  HfT^ 

77]  coMP 

io  U 

H]  Vref{-) 

V-  [T 

16]  VheF(+) 

>o  [T 

iTj  v+ 

MSB  Bl  (T 

TI]  BIO  LSB 

82  {±. 

TTl  B9 

B3  |T 

IB 

B4  \V_ 

13  67 

B5  [T 

ill  B6 

18-PiN  HERMETIC  DIP 
(X-Suffix) 


k 

SIMPLIFIED  SCHEMATIC 


*5->  vbef(-4  0- 


Manufactured  under  one  or  more  of  the  following  patents.  4,055,770,  4,056,740,  4,092,639. 
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ABSOLUTE  MAXIMUM  RATINGS  (Note  1) 

Operating  Temperature  '    ^.1-    .    .  _ 

I  DAC-1 OFX.  GX,  GS  _  O'C  to  +70'C 

Junctf^Te^»per|fre  (Tj)  -65'C  to  +1 50°C 

Storage  Temper^ure....    to-+1 50°C 

Lead  Temperature  (Soldering,  60  sec)  300°C 

V+  Supply  to  V-  Supply  36V 

Logic  Inputs  V-  to  V-  plus  36V 

V^g  V-toV+ 

Analog  Current  Outputs    +1 8V  to  -1 8V 


ELECTRICAL  CHARACTERISTICS  atVg  =  ±15V;  l„gp  =  2mA; 
Output  characteristics  apply  to  both  l^^^and  Ig^^- 


Reference  Inputs  (V,  ^  to  V,  ^)  .,  ,  V-^  to  V+ 

Reference  Input  Differential  Voltage.  ,   -      .  — 

(V,etoV,^  *18y 

Reference  Input  Current  (I, g)  2.5inA 

PACKAGE  TYPE  8,^  (NOTE  2)  e,g  UNITS 

1 8-Pin  HamwaeOIPpO  84  15  'CW 

NOTES: 

1 .  Absoliits  maximum  ratings  apply  to  l»th  DICE  and  packaged  parts,  unless 
othenMise  noted. 

2.  is  specHied  for  vrorst  case  mounting  conditions,  i.e.,  e^^  is  speeitied  for 
device  In  socket  for  CerOIP  packages. 

0°C  s  T^  «  70°C  FOR  DAC-1  OF  and  G,  unless  otherwise  noted. 

DAC-10F  DAC-10G 
MIN      TYP     MAX  MIN      TYP     MAX  UNITS 

10         —         —  10         —         —  Bits 

—  0.3        0.5                 —        0.6          1  LSB 
~     .—  .  '  -  0%  1,  —        0.7         —  LSB 

laJl-  — .   _  86       ISO        -     ns  - 

 —         HO"  '    -<  -         1B         -  pF_ 

 —  -    -  50'- 1  -  l-^^    .  -         50  — 

.i&otj'         .' '  ■  SO'^  ''\T-:^if.:  ^         —         50         —        I  ■ 

—  -5.5         —     ■•  ~'         —      -S.6  — 

'  +10        -  .      ^      +10  V 

—  ±10       ±25     '  '         —       +10       ±50  ppm/°C 

—  0.1           4                 —        0.1           4  mA 
 —      0.01        0.5   ,   0.01      ,  0.5  )iA 

.,   ■.c3^-,,  . 3.996^:  .^.j^a;,!  ,,  mA,  - 
.       -T    ■■).  8    '.i.-tss     :  '  9ljKiprq^^<;.».'rt«  ■  otnA/pac 
 -       -1       -3  -       -i.'--'^--3  lA--'- 

—  0.001.  ,.  aq:  ,  -    0.001  0.01 
 -   0.0012      0.01  .  -    0.0012       0.01  ^'■^'fs'"^'^^ 

—  2.3  4  —  2.3  4 

—  -9  -15  —  -9  -15 

—  1,8  4  —  1.8  4  '"^ 

—  -5.9  -9  —  -5,9  -9 

—  231        285  —       231  285 
 =  ^  !!  ^,^85  86 

—  —        0.8  — '        —  0.8 

2         —         —  2         —         —  ^ 

-10         -5  —  -10         -5  — 

—  0.001  10  —     0.001  10  *"* 


PARAMETER  ~ 


SYMBOL-  CONDITIONS. 


Monotonicrty 


Nonlineartty 


■  NL 


Differential  Noniinearity 


ti*4L 


Settling  Time 


All  Bits  Switched  ON  or  OFF 
Settle  to  0.05%  of  FS  I  See  Notel 


Output  CapaeitBiise 


Propagation  Delay 


AM  Bits  Switched 


Output  Voltage 
Compliance 


Full-scale  Current 
Change 


Gain  TempcQ 


I  See  Notel 


Futl-Scale  Symmetry 


Zero-Scale  Current 


Fuli-Scale  Current 


(Siie  NOtel 


Reference  Input  Slew  Rate 


Dl/dt 


Reference  Bias  Current 


Power  Supply  Sensitivity 


PSSIp; 
PSSIc; 


4.5V  <V+<  18V 
-18V<V-<-10V 


Power  Supply  Current 


1+ 


Vs  =  +5V. -7,5V;  lF|EF=1mA 


Power  Dissipation 


Vs=±15V;  Iref  =  2niA 

Vg  =  -I-5V,  -7.5V;  Iref  =  1mA 


Logic  Input  Levels 


Logic  Input  Currents 


VLC  =  ''i  V,N  =  0.8V 
V,N  =  2.0V 


ELECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V; 

'ref    2mA;     —  25°C,  unless  otherwise  noted.  Output  characteristics 

apply  to  both  lourancl  Iqut- 


Mrameter 

SYMBOL 

CONDITIONS 

MIN 

DAC-10F 
TYP 

MAX 

MIN 

DAC-10G 
TYP  MAX 

UNITS 

Monotonicity 

10 

10 

Bils 

Nonlinearity 

NL 

0.3 

0.5 

0.6 

1 

LSB 

Differential  Nonlinearity 

DNL 

-•  i).3 

1 

0.7 

LSB 

Output  Voltage 
Compliance  ^ 

Full-Scaie  Current  ^ 
Change 

-S 

-e/+i8 

+10 

-5 

-6/+ 15 

-HO 

V 

Full-Scate  Current 

'fs 

■V  .  -* — -WV — '  - 

V„Ef  =  10,000V. 

R„  =  R,5  =  6.000lta- 

3.978 

3.996 

4.014 

3.956 

3.996 

4.036 

mA 

Full-Scale  Symmetry 

'fss 

'fr~  'fr 

0.1 

4 

0.1 

4 

cA 

Zero-Scale  Current 

0.01 

0.5 

0.01 

0.5 

Izs  

NOTE:  Guaranteed  by  design. 
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 DAC-10 

SICE  CHARACTERISTICS 


DIE  SIZE  0.091  X  0.087  Inch,  7917  sq.  mil* 
(2.311  X  2.210  mm,  5.107  sq.  mm) 


■ir- 


WafER  T^f  yiWI|S  at  Vs=  *  ^5V,  lnEF= 2mA,  Ta= 25*C,  unless  otherwise  noted.  Output  characteristics  refer  to  both 
\pui  and  Iqut-     ^  •'   _         ,  , 


PARAMETER 

SVMBOL 

COHDITIONS 

DAC-10N 
LiMrr 

DAC-10G 
LIMIT 

UNITS 

Be9i?lut(on 

10 

10 

Bits  MIN 

Moniotonldty 

10 

10 

BtteUMN 

Nonlinearity 

NL 

±0.5 

±1 

LSB  MAX 

Output  Voltage  Compliance 

Voc 

True  1  LSB 

+10 

-5 

+10 

-5 

VMAX 

V  MIN 

Output  Current  Range 

lpS±3.996MA 

±18 

±40 

(lAMAX 

 TT-^  -rr--  

Izs 

AIIBittOFF 

0.5 

0.5 

/lAMAX 

Logic  Input  "1" 

VlH 

l„=100nA 

2 

2 

VMIN 

Logic  Input  "0" 

V|L 

VLc@GnHind 
l|„=-100,.A 

0.8 

0.8 

VMAX 

Positive  Suppty  CUfrmt 

1+ 

V+=t6V 

4 

4 

mAMAX 

li«0»1lveSMPPly Ctfifeiil  _■_ 

— — '  ' — T 

-15 

-15 

riAmax' 

NOTE: 

^BCtrtcal  tealB aie  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembty  mettiodsand  normal  yield  loss,  yield  after  pedcaging  Is  not 
jguarantaedferatandard  ^oduetdice.  Consult  factory  to  negotiate  specif ications  based  on  dice  lot  qualification  ttirough  sample  lot  assembly  and  tei^ng. 

'{PfPimL  ELECTRICAi'^lfitGKCTERIStiCS  at  Vs  =  ±15V,  and 
'charw^ristics  t^isf  to  bot|i  Iggrand  lour* 

Iref  =  ZnriA,  unless  otherwise  noted.  Output 

'nUMNEIEK 

snnoi. 

coNDrnom  i 

DAC-10N 

TYPICAL 

DAC-10G 
TYPICAL 

UNrrs 

|SMIins'^<»  

— -.k  " 

To  ±  1/2  LSB  When  Output  1^ 
.  ,,^«iltchedfrainDtoF^  ! 

85 

85 

ns 

-  Gain  Tempflfatura  or  v.'^ 
Coeffidant  (TC) 

! 

Vhep  Temepo  ExeliidMI  1 

U..V         1  1 

±10 

: 

±10 

(ipmfS/'C ' 

1  Output  OapiSlSnS 

18 

18 

PF 

Output  RMManee 

10 

10 

Mft 
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DA(>1(M  

TYPICAL  PERFORMANCE  CHARACTERISTICS 


TRUE  AND  COMPLEMENTARY 
OUTPUT  OPERATIONS 


OUTPUT  CURRENT  vs  OUTPUT 
VOLTAGE  (OUTPUT 
VOLTAGE  COMPLIANCE) 


ao 

7J 

6.4 

< 

5,6 

s 

4.8 

z 

4.0 

DC 

8 

3^ 

2.4 

1.6 

0.8 

0 

 1 

ALL 

1  1 

BITS 

ON 

=  Tw 

N  TO 

tma> 

15V  ' 

_  =  _ 

10V 

1 

\BF  = 

2mA 

i 

REF  = 

1mA  ■ 

 1 

-f 

H 

—IB 

R 

EF-O 

F 

r 

f 

— 1 

OUTPUT  VOLTAGE 
COMPLIANCE  vs 
TEMPERATURE 


-U  -TO    -«     -2       2       »,•    10      14  18 
OUTPUT  VOLTAGE  (TOLTSI 


TEMt"ERATORE  I°C1 


POWER  SUPPLY  CURRENT  vs  V+ 


10.0 

r  ■ 

9.0 

4 

8.0 

1- 
z 

7.0 

cc 
a: 

6.0 

U 

5.0 

> 

4.0 

3.0 

2.0 

1.0 

ALL  BITS  "HIGH"  OR  "LOW" 


2.0  «.o  6.0  8.0  mMsirim  ivrajTsan  _ 
V*,  POSITIVE  pamawMitlfStm 


.1^-        ,4*111  a;: 


POWER  SUPPLY  CURRENT  vs  V- 


BITS  MAY  BE  "HIGH"  OR  "LOW 


I    I    I    I  I 


I-  WITH  Irpf  =  0.2mA 


I-  WITH  IftEF  0-2^ 


1         -4-0        -8.0       -t2.0       -16.0  -20.0 
-2.0         -6.0       -10.0       -14.0  -IRO 
-  ^iM,  NE®frTtVe  POWER  StlW-Y  (Vdc) 


POW^UiUyiilXCUBBENT^ 
vslttlf*iMTURE 


0  +S0         +100  +150 

9l'.        . .  TEMPERATURE  ("C) 


BASIC  CONNECTIONS 
B^SICPOSmVE  REFERENCE  OPEgATION 


_  *^REF  1Q23 
"   RREF  "  1024 
lO  +  io  =  IFR  FOR 
ALL  LOGIC  STATES 

:  J»'  ■ 


MSB  LSB 
Bl  B2  B3  B4  B5  B6 87  B8  B9  BIO 


tR16» 


FOR  FIXED  REFERENCE. 
TTL  OPERATION, 
TYPICAL  VALUES  ARE: 
VrEF  =  +10.000V 
RrEF  =  5.000k 
R15=  RREF 
Cc  -  0.01  f*P 
VLC  =  OV  (GROUND) 


ACGOMMQPATjNG  BIPOLAR^REFEB^jlffEg 


) 


IMF  APEAK  NEGATIVE  SWING  OF  InflK  V..  S 


R17 
(OPTIONAL) 

viwf\^  W<  

HIGH  INPUT 
IMPEDANCE 


♦VREF  MUST  BE  ABOVE  PEAK  POSITIVE  SWINClQMit  I 


bev.b 


DAC-10 


BASIC  NEGATIVE  REFERENCE  OPERATION 


~  R17 

-vhef  o  WV-12- 

HREF 

NPte:  BaEf  SETS  ifs.  ms  is  for 

i.v   -  BIAS  CURRENT  CANCELLATION. 

RECOMMENDEO  FULL-S^E  AD>IUSTMENT  CIRCUIT 


LOWT.C. 


+10V  ° 
-  »  - 

;3i9kA   

OAC-10 

lokn  ■ 

>  ^  «  IV  17 

POT  < 

f  APPROX 

) 


^ASIC  UNIPOLAR  NEG^MVE  Ol^ERATION 


B1  82  B3B4  BS  B6  B7  BB  B9  B10  Eo 


'REF'= 
2.000mA 


B1 

B2 

B3 

B4 

B5 

B6 

B7 

B8 

B9 

BIO 

lomA  lomA 

FULLRANQE 

1 

1 

f 

-i 

11 

1 

1 

1 

1 

1 

3.9S6  agoo 

-4.9^ 

-0.000 

HALF-SCALE -l-LSB 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

2.004  1.992 

-2.505 

-2.490 

HALF-SCALE 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2.000  1.996 

-2.500 

-2.495 

HALF-SQi^-L^ 

» 

, 

1 , 

/i 

1 , 

r 

X. 

1 

1 

1.996  ^000 

-2.495 

Z500 

ZERO-SOALE+LSB 

0 

'is 

d'- 

0 

0 

0 

0 

D 

1 

0,004  3.992 

-O.00S 

-4.990 

ZERO-SCALE 

0 

b 

0 

0 

0 

0 

0 

0 

0 

0 

0.000  3.996 

-0.000 

-4.995 

■1"'" 


BASIC  BIPOLAR  OUTPUT  OPERATION 


IREF(+I  -  o_ 
2.000mA  16 


01  DADdD^DD  DV  D'  DO         D  I 

TTTTTTfT?? 


V-i— S- 


|9TB2B3B4B5B«B7B«BS 

BIO 

Eq     Eo  , 

POSAILL  RANGE 

1    1  1 

1 

1 

1 

1 

1 

1 

1 

-4.990  +5.000 

POS  FULL  RANGE -LSB 

1    1  1 

1 

1 

1 

1 

1 

1 

0 

-4.980  +4.990 

ZERO-SCALE +  LS8 

1    0  0 

0 

0 

0 

0 

0 

0 

1 

-0.010  +0.020 

ZERO-SCALE 

1    0  0 

0 

0 

0 

0 

0 

0 

0 

OOOO  +0.010 

ZERO-SCALE -LSB 

1  1  1 

1 

1 

1 

1 

1 

1 

1 

+0.010  0.000 

'  NEC  FUU-SCALE-I-LSB 

0  0  0 

0 

0 

0 

0 

0 

0 

1 

+4.990  -4.980 

NEG  FULL-SCALE 

0   0  0 

0 

0 

0 

0 

0 

d 

0 

+5.000  -4.990 

OFFSET  BINARY  {OPERATION 


B1  B2 

B3 

B4 

B5 

B6 

B7 

B8 

B9 

BIO 

POS  FULL  RANGE 

1  1 

1 

1 

1 

1 

1 

1 

'l 

1 

+4.990 

!ZERO^*t*  ,  ,,. 

P 

0 

0 

0 

Q 

0 

0 

0 

0.00 

•0'' 

0 

0 

0 

0 

0 

1 

-4:990 

NEG  FULL-SCALE 

0  0 

0 

0 

0 

0 

0 

0 

0 

0 

-5.000 
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SETTLING  TIME  MEASUREMENT 


LOW  TO  HIGH  SETTLING  Vi  =  16.500V±0.aaiV 
HIGH  TO  LOW  SETTtlNG  Vl  -  0.500V,iMp]y 

I  ii.iao\^i»iv 


-  -I 


1 


J:4.7jF::^o.e^_ 
1SV  T      1^'  ~ 


-1BV 

1/2LSB  SETTLING  -.7.8mV 

:    -'   -   V  ■ 


NOTES; 

1.  CASE  OF  2Ngi8s  MUST  BE  GROUNDED. 

2.  RESISTORS  ARE  1/4W,  MF,  1%  UNLESS  OTHERWISE  SPECIprED. 

3.  USE  FET  PfOl3E  17AT1»PE  PLUG  IN). 


OTO  +!fR  •  RL 

I  ,  ,  1023    ,  , 

r±r    -zh        iFR  =  2  X  iREF 

FOR  COMPLEMENTARY  OUTPUT  (OPERATION  AS  A  NEGATIVE  LOGIC  DAC). 
CONNECT  . mVERTlNG  INPUT  Of  OR-AMP  TO  Iq.  (PIN  2);  CONNECT  Iq  (PIN  4)  - 
TO  GROUND.    -  -  —  - 


NEGATIVE  LOW  IMPEDANCE  OUTPUT  OPERATION 


OP-15  >— •  OEo 

0  TO  -IFR  ■  Rl 


FPB_COMPLEMENTARY  pUTPUT  (OPERATION  A  NEGATIVE  LOGIC  DAC), 
CQt^ECT  NON-INVERT^G  INPUT  OF  CRAMP.  TOfTo  [l?IN  2):O0NNECT)o  (PIN 
4)  TO  GROUND.         -  _     -  _. 

/.'.c-      c  [J  0  e  0  0    I    .  0  ujAjfi-j 


INTEIirACiN®  JINpmJIi^^  LOGiCtiillirUE®  


vth  = 


) 


+15V  Vth  =  vlc  +1-4V 

9  +15V  CMOS 

I  Vth  -  +7-8V 

>  9.1kn 


r 


-~*  ov 

^0.1mF 


"1 


■—71 


< 


TO  PIN  1 
-OVlc 
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APPLiCATlbNS  INFORMATION 
REFERENCE  AMPLIFIER  SETUP 

Tft^|  dACr|o  is  a  mMltipIying  CVA  converter  in  which  the 
'Wpui current  is  the  product  of  a  digital  number  and  the 
input  reference  current  The  reference  current  may  be  fixed 

«ilrtei#  A  «  Hfn^r  fiiHWon*  &Fm  t^h^e  6u»ri»nf  and  Hs 
■flWKnlSy?"'''  '  '   '  -"•  "''^      '    '^<'->     '  --  - 

'"fr=       ^^xdREjrrwherelBEFwrw    '  " 

in  positive  reference  applications,  an  external  positive  reference 
voltage  forces  current  through  R16  into  the  Vref  (+)  terminal 
(pin  1 6)ofthereferenceamplifier.  Alternatively,  a  negative  refer- 
ence may  be  applied  to  Vpgp  (-)  at  pin  1 7;  reference  current  flows 
from  ground  through  R16  Into  V(+)  as  In  the  positive  reference 
case.  This  negative  reference  connection  has  the  advantage  of  a 
very  high  Impedance  presented  at  pin  1 7.  R1 7  (nominally  equal 
to  R1 6)  Is  used  to  cancel  bias  current  errors;  R1 7  may  be  elimi- 
nated with  only  a  minor  increase  in  error. 

Bipolar  references  may  be  accomodated  by  offsetting  Vref 
or  pin  17.  The  negative  common-mode  range  of  the  reference 
amplifier  is  given  by:  Vcm-= V-  plus  (  IrefX  2kn)  plus  2V.  The 
positive  common-mode  range  is  V-l-  less  1 .8V.        i-_  r-.- 

When  &DC  reference  is  used,  a  reference  bypasecapacttoris 
reeomiAended.  A  5V  TTL  logic  supplyM  nofrebefti^ntted 
as  a  reference.  If  a  regulated  power  supply  is  used  as  a 
reference,  R16  should  be  split  into  two  resistors  witfi  the 
ijjjngtion  J>yj)as§fd  tQ jr^ung  yyith,9  O.I^F  (Sfjpacitpr. .  ^  - 

NM>moMB0)itle«iUoitMH#K#teMlitt^^ 

viMialM«glteiHl«i««M^  ttfTQmMtct'^pr'Wuti^futrett, 
faH<scalB:tM)tMlt^|  «ifniit  k»itl^^ 
value  of  R18pc00t|gy^atM^^«  potenttO«Kllt#«IW 
improved  muOmitmamalli^hownmthel^eaamtiamiim- 
Scale  Adjustment  circuit. 

The  reference  amplifier  must  be  compensated  by  using  a 
capacitor  from  pin  18  to  V-.  For  fixed  reference  operation,  a 
capacitor  is  recommended.  For  variable  reference 
«^teeME>i»,  see  srotlon  entttled  "Reference  Amplifier 
^RtpenaaHon  for  MMpiiytng  Applii^tions." 
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MULTIPLYING  OPERATION 

The  DA&'IO  provides  excellent  multiplying  performance 
With  an  extremely  linear  relationship  between  Ips^nd  Irep 
bver  a  raHge  of  4mA  to  4/jA  fvlonotonic  operation  i»  main^ 
tairled  over  a  typical  range  of  Iref  from  lOO^A  to  ZmA: 

REFERENCE  AMPLIFIER  COMPENSATION  FOR 
MULTIPLYING  APPLICATIONS 

AC  reference  applications  will  require  the  reference  amplifier 
to  be  compensated  using  a  capacitor  from  pin  18  to  V-.  The 
value  of  this  capacitor  depends  on  the  Impedance  presented 
to  pin  16  for  R16  values  of  1.0,  2.5  and  S.Okfl,  minimum  values 
of  Cc  are  15,  37,  and  75pF.  Larger  values  of  R16  require 
proportionately  increased  values  of  Cc  for  proper  phase 
margin. 

For  fastest  response  to  a  pulse,  low  values  of  R16  enabling 
small  Cc  values  should  be  used.  If  pin  16  Is  driven  by  a  high 
impedance  such  as  a  transistor  current  source,  none  of  the 
above  values  will  suffice  and  the  amplifier  must  be  heavily 
compensated  which  will  decrease  overall  bandwidth  and 
slew  rate.  For  R16  =  and  Cc  =  15pF,  the  reference 
amplifier  slews  at  4mA/^s  enabling  a  transition  from  Ir^f-O 
to  'ref=  2mA  in  500ns. 

Operation  with  pulse  inputs  to  the  reference  amplifier  may 
be  accommodated  by  an  alternate  compensation  scheme. 
This  technique  provides  lowest  full-scale  transition  times. 
An  Internal  clamp  allows  quick  recovery  of  the  reference 
amplifier  from  a  cutoff  (Iref  =  0)  condition.  Full-scale 
transition  lO  to  2mA I  occurs  in  120ns  when  the  equivalent 
impedance  at  pin  16  Is  200n  and  Co  =  0.  This  yields  a 
reference  slew  rate  of  16mA/#is  which  Is  relatively  indepen- 
dent of  R|m  and  Vin  vattieSi  '  .If 

LOGIC  INPUTS 

The  DAC-10  design  incorporates  a  unique  logic  input  circuit 
which  enables  direct  interface  to  all  popular  logic  families 
and  provides  maximum  noise  immunity.  This  feature  Is  made 
possible  by  the  large  Input  swing  capability,  2iiA  logic  Input 
current  and  completely  adjustable  logic  threshold  voltage. 
For  V-  =  -15V,  the  logic  inputs  may  swing  between  -5  and 
+  18V.  This  enables  direct  interface  with  +15V  CMOS  logic, 
even  when  the  DAC-10  is  powered  from  a  +5V  supply. 
Minimum  input  logic  swing  and  minimum  logic  threshold 
voltage  are  given  by:  V-plujs  (Ij^pX  2kn)  plus  3V.  The  logic 
threshold  may  be  adjustedf  o^er  a  wide  range  by  placing  an 
appf^Satb- Voltage  at  the  logic  threshold- COntrffll  jjin 
ifrn'^P^Mt-  The  appropriate  graph  sht)««>fhi».>i%lftti^^)^ 
M^n^ArWCii^d  Vthovbt  the  temperatuFer^gg.^WiliGVtA 

Hsmmti^im  etbrnav^  PdrrrL  wt^ce.  mpf^tdM 

pin  1.  WReinint^rfacHncr-E^,  an  lREF=tmArsre(eomm^Med; 
For  interfacing  other  iogic  families,  see  previous  page.  For 
general  setup  of  the  logic  control  circuit,  it  should  be  noted 
that  pin  1  wtll  sink  1. 1mA  typical;  external  circuitry  should  be 
designed  to  accommodate  this  current. 

Fast^  settling  times  are  obtained  when  pin  1  sees  a  low 
impedance.  If  pin  1  is  connected  to  a  1kn  divider,  for 
example,  it  should  be  bypassed  to  ground  by  a  0.01 /iF 
capacitor. 
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ANALOG  OUTPUT  CURRENTS 

Both  true  and  complemented  output  sink  currents  are  pro- 
vided where  I  o  + 1  o  = '  Fs-  Current  appears  at  the  "true"  output 
when  a  "1 "  is  applied  to  each  logic  input.  As  the  binary  count 
increases,  the  sink  current  at  pin  4  increases  proportionally, 
in  the  fashion  of  a  "positive  logic"  D/A  converter.  When  a  "0" 
is  applied  to  any  input  bit,  that  current  is  turned  off  at  pin_4 
and  turned  on  at  pin  2.  A  decreasing  logic  count  increases  tp 
as  in  a  negative  or  inverted  logic  D/A  converter.  Both  outputs 
may  be  used  simultaneously.  If  one  of  the  outputs  Is  not 
required-  it  must  still  be  connected  to  ground  or  to  a  point 
capable  of  sourcing  Ips:  DO  NOT  LEAVE  AN  UNUSED 
OUTPUT  PIN  OPEN. 

Both  outputs  have  an  extremely  wide  voltage  compliance 
enabling  fast  direct  current-to-voltage  conversion  through  a 
resistor  tied  to  ground  or  other  voltage  source.  Positive 
compliance  Is  36V  above  V-  and  is  independent  of  the 
positive  supply.  Negative  compliance  Is  +  10V  above  V-. 

The  dual  outputs  enable  double  the  usual  peak-to-peak  load 
swing  when  driving  loads  in  quasi-differential  fashion.  This 
feature  is  especially  useful  in  cable  driving,  CRT  deflection 
and  in  other  balanced  applications  such  as  driving  center- 
tapped  coils  and  transformers. 

POWER  SUPPLIES 

The  DAC-10  operates  over  a  wide  range  of  power  supply 
voltages  from  a  total  supply  of  9V  to  36V.  When  operating  with 
V^suppllesof-IOVor  less,  Iref<  ImAis  recommended.  Low 
reference  current  operation  decreases  power  consumption 
and  increases  negative  compliance,  reference  amplifier 
negative  common-mode  range,  negative  logic  input  range, 
and  negative  logic  threshold  range;  consult  the  various 
figures  for  guidance.  For  example,  operation  at  -9V  with 
Iref  =  2mA  is  not  recommended  because  negative  output 
compliance  would  be  reduced  to  near  zero.  Operation  from 
lower  supplies  is  possible,  however  at  least  8V  total  must  be 
applied  to  insure  turn-on  of  the  internal  bias  network. 

Symmetrical  supplies  are  not  required,  as  the  OAC-10  isquite 
insensitive  to  variations  in  supply  voltage.  Battery  operation 
i*'feasible  as  no  ground  connection  is  required;  however,  an 
artificial  ground  may  be  used  to  insure  logic  swings,  etc. 
remain  within  acceptable  limits. 

TEMPERATURE  PERFORIMANCE 

The  nonlinearity  and  monotoniclty  speclfjcations  of  the 
DAC-10  are  guaranteed  to  apply  over  tlie  entire  rated  oper- 
ating temperature  range.  Full-scale  output  current  drilt-js 
^ght,  typically  ±10ppm/°C,  with  zerq-8<»te  output  current 
^gui  drift  essentially  negligit;lefCqmF)are(t  t«»'1/2  tSB. 


The  temperature  coefttcient  of  nhe  rafereneet  (esii9tor.R14 
should  match  ahd~  track  that  of  the  output  resistor  for 
minimum  overall  full-scale  drift.  Settling  tjmes  of  the  DAC-10 
decrease  approximately  10%at-5S°  <&||jt,'|^1^''Can  increase 
of  about  15%  is  typical.  ^  , 

SETTLING  TIME 

The  DAC-10  i$  capable  of  extremely  fast  settling  timesj 
typically  85ns  kt  Iref-=  2mA.  Judiciq.us  circuit  design  and 
careful  board  layout  mpst  be  emj^oyed  to  obtain  full 
performance  potential  during  tsestir^and  application.  The 
logic  switch  design  enables  propagation  delays  of  only  35ns 
for  each  of  the  10  bits.  Settling  time  to  within  1/2 1.SB  of  the 
LSB  is  therefore  35ns,  with  each  progressively  larger  bit 
taking  successively  longer.  The  MSB  settles  in  85ns,  thus 
determining  the  overall  settling  time  of  130ns.  Settling  to  8-bit 
accuracy  requires  about  60  to  78ns.  The  output  capacitance 
of  the  DAC-10  including  the  package  is  approximately  18pF; 
therefore  the  output  RC  time  constant  dbminafes;  0ettlihg 
time  if  Ri  >  soon. 

Settling  tinte  land  propagation  delay  »e  relatively  insensitive 
to  logic  Input  amplitude  and  rise  and  ffill.  tjiiiies,  due  to  the 
high  gain  of  the  logic  switches.  Settling  time  also  remains 
essentially  constant  for  I  rep  values  down  to  1mA,  with 
gradual  inonsases  for  lower  Irep  values  lies  In  the  ability  to 
attain  a  given  output  level  with  lower  load  resistors,  thus 
reciueingkihe  output  RC  time  QoMrtMl^ti  89n9-<^ 

MeaSuVerheht  of  settling  time  requires  the  ability  to  accU*- 
rately  resolve  ±2>iA,  therefore  a  4kn  load  is  needed  to  provide 
adequate  drive  for  most  oscilloscopes.  The  settling  time 
fixture  of  schematic  titled  "Settling  Time  Measurement"  uses 
a  cascode  design  to  permit  driving  a  4kn  load  with  less  than 
5pF  of  parasitic  capacitance  at  the  measurement  node.  At 
Iref  values  of  lesS  than  1mA,  excessive  RC  damping  of  t|ie 
output  is  difficult  to  prevent  while  maintaining  adequate 
sensitivity.  However,  the  major  carry  from  0111111111  to 
1000000000  provides  an  accurate  indicator  of  settling  time. 
This  code  change  does  not  require  the  normal  6.2  time 
constants  to  settle  to  within  ±0.2%  of  the  final  value,  and  thus 
set^lin^  times  may ^e  Pj)jSe(ved  at 

DACfitOisiwitehing  tiiafi^enls  or  "glitc^ea'V-areveiiy  toviftjan^ 
may  be<'fui#i«r-;isctuee#Ll;iy'siT«all;ieapaOltive  loadteattha 
eutputflt  a  tninoF  sacrifice  In  settttngitimes  r 

Fastest  operation  can  t>e  obtained  by  using  short  leads, 
minimizing  output  capacitance  and  load  resistor  values,  and 
by  adequate  bypassing  at  the  supply,  reference  and  V^.^; 
terminals.  Supplies  do  not  require  large  electrolytic  bypass 
capacitors  as  the  supply  curi-ent  drain  is  independent«f  input 
logic  states;  0.1mF  capacitors  at  the  supply  pins  provide  full 
transient  protection. 


.io)l3aqs3 
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flEV.  B 


ANALOG 
DEVICES 


16-Bit,  High  Speed 
Multiplying  DAC 


mm 


FElHTURES 

±}.(^B  Diff«niitial  Uiteacity  i 
±2LSBtntmi7>timaritr  ^ 
SOQ  iis  SaMing  Time  ^ 
4  inAFull-S»^  Output  ,-  , 
Z       MuMp^ng  Bandwidth 
Tft/CMOS  Compatible 
10:1  Reference  Input  Range 
Monotonic  over  Full  Temperature  Range 
Available  in  Die  Form 

APPLICATIONS 
Communications 
Process  Control 
Dij^l  Attenuators 
Servos 


GENERAL  DESCRIPTION 

The  DAC-16  is  a  16-bit       speed,  mult^ 
digital-^p-analog  converter  with  a 
and  a  imiltipljnng  bandwidth  of  2«a.va9^e 

of  low  distortion,  high  signal-to-noil^rati^  and 

make  the  DAC-16  ideally  suited  to  pofoi 
thesis  and  modulation  in  communications,  insi 
ATE  systems.  Input  reference  currrait  is  buffer^  with  a  gain  of 
eight,  resulting  in  a  full-scale  output  current  of  4  mA  from  a 
reference  current  of  only  500  |jlA.  The  16-bit  parallel  digital  in- 
put bus  is  TTL/CMOS  compatible.  Operating  from  -1-5  V  and 


FUNCTKWAL  BLOCK  DIAGRAM 


24  CCOMP 


"ir|  DBO(LSB) 


anon,  and 


1  V  supplies,  the  DAC-16  consumes  190  mW  typ  and  is 
avaij^ltfe  in  a  24-pin  plastic  skinny-DIP  package  and  in  die 
form. 

For  applications  conforming  to  M1L-STD-883B,  contact  your 
local  ADI  sales  office  for  DAC-16  specifications  for^opeiattni 
over  the  -55°C  to  -H25°C  temperature  range. 


Figure  1.  FuU'Scate  Transient  Response 
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Figure  2.  Multipiying  Bandwidti} 
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Parameter 

Condition 

Min          Typ  Max 

Units 

Integral  Linearity  "E" 
Integral  Linearity  "E" 
Differential  Linearity  "E" 
Differential  Linearity  "E" 

INL 
INL 
DNL 
DNL 

Ta  =  +25°C 

-2            ±1.2  +2 
-4            ±1.6  +4 
-1            ±.5  +1 
-1           it.7  +1.5 

LSB 
LSB 
LSB 
LSB 

Ta  =  +25^ 

Integral  Linearity  "F" 
Integral  Linearity  "F" 
Differential  Linearity  "F" 
Differtotial  Linearity  "F" 

INL 
INL 
DNL 
DNL 

Ta  =  +25X 
Ta  =  +25-0 

-4           ±1.4  +4 
-6            ±2  +6 
-1           ±.5  +1.5 
-1          ■'±.6'"  +2 

LSB 
LSB 
LSB 
LSB 

Zero  Scale  Error 
Gain  Error 

Zero  Scale  TemBgS-J"^'  r 
Gain  Tempco 

IzSE 
IpSE 

TCIzE 
TCIps 

±2 
0.3 

0.025  ,-n-,Dl  . 
5 

LSB 
%  FS 
ppin/°C 
ppin/°C 

REFERENCE' 
Reference  Input  Current 
Multiplying  Bandwidth 

Iref 

-3dB 

50      f  500 

|jlA 
MHz 

OUTPUT  CHARACTEMSTieS. 

Output  Current   lljl 

Output  Capacitance  ' 
Settling  Time 

ts 

mA 

pF 
ns 

LOGIC  CHARACTERISTICS 
Logic  Input  High  Voltage 
Logic  Input  Low  VolO©2 
Logic  Input  Current 
Logic  Input  Current 
Input  Capacitance 

IlN 

C,N 

'IT*' =  +2'>°C       ^^s»,  * 
=  5.0  V,  DBO-DBIO 
V,.^,  =  5.0  V,  DBll-DBlS 

^  2.4 

0.8 
5 

75 

g 

V 

V 

(jiA 

(lA 

pF 

SUPPLY  CHARACTERISTICS 
Power  Supply  Sensitivity 
Positive  Supply  Current 
Native  Supply  Current 
.  ^Pawa  Dissipation 

Pss 
Ice 
Iee 
Pdiss 

V 

buj:  V  c*  :. 

10 

■  -jf.  1 ,  IT'  i  .  W  ieqaiD-<  ^<j!ftl>vi 
7.5  16 
190  250 

pprnW 
mA 
mA 
mW 

'All  supplies  can  be  varied  ±5%  and  operation  is  guaranteed.  Device  is  tested  with  nominal  supplies. 
^Operation  is  guaranteed  over  this  reference  range,  but  linearity  is  neither  tested  nor  guaranteed. 

'These  proposed  specifications  are  prior  to  complete  electrical  characterization  and  are  not  guaranteed.  Contact  your  local  sales  office  for  complete  information. 
Specifications  subject  to  change  without  notice. 

ABSOLUTE  MAXIJWUM  RATINGS* 


Operating  Temperature  Range  -40°C  to  +85''C 

Jimction  Temperature   -65°C  to  +150°C 

Storage  Temperature   +  150°C 

Lead  Temperature  (Soldering,  60  sec)   +  300°C 

Vcc  to  GND  8  V 

Vee  to  GND   - 18  V 


•Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operatitm  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  cqjerational-  se^d^  tsf  ^4t^  >^e(dfieation  ift  ftbtiiai^ed.  Exposure  to 
absolute  maximum  ratiag  conditions  for  extended  pmods  may  affect  device 
reliabil^. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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REV*  A 


ANALOG 
DEVICES 


10-Bit  Current-Outpur 
D/A  Converter 


DAC-100 


FEATURES 

•  Fast  Sepng  22Snsec  (8  Bits),  375nsec  (10  Bits) 

t.  Smin,.;^., . . . ,  TpmpiBOS  tp,±1|ippn»/°C Max 

•  Commercial',' Industrial  and  Military  Models  Awailabte 

•  TTL  CompattUe  Logic  Inputs 

•  WideSup|rirRan0^:^-:^-\-^--^<.--'^.>>.»^-  ±6Vtoafl8V 

•  Available  In  Die  Form 


GENERAL  DESCRIPTION 

Tlie  DAC-100  is  a  complete  10-bit  resolution  digital-to-analog 
converter  constructed  on  two  manolithic  chips  in  a  single 
16-pin  DIP.  Featuring  excel lent_linearlfy  vs,  temperature 
perfprmance,  the  DAC-100  Includes  a  low  tempco  voltage 
reierehce,  ten  current  source/switches  and  a  high  stability 
thrn-filrn  R-2R  ladder  network.  Maximum  application  flexi- 
bTlity  is  provided  by  the  fast  current  output,  matched  bipolar 
offset  and  feedback  resistors.  Resistors  are  Included  for  use 
with  an  external  op  amp  for  voltage  output  applications. 

Although  all  units  have  10-bit  resolution,  a  wide  choice  of 
linearity  and  temperature  coefficient  options  are  provided  to 
allow  price/performance  optimization. 


The'smalljBiae,  wide  operating  temperaturjs-range,  and  high 
rell«Wlitycoti«truclion  make  the  DAC-100  ideal  for  aerospace; 
applications.  Other  applications  Include  use  in  -servo- 
positioning  systems,  X-Y  plotters,  CRT  displays,  program- 
mable power  supplies,  analog  meter  movement  drivers, 
waveform  generators  and  high  speed  analog-to-digital 
converters. 

PIN  CONNECTIONS 


rb  [I  • 

V-  [I 

TT]    FULL  SCALE  ADJ 

OUTPUT  \Y 

LSB  \T 

TI]  MSB 

BIT  9  |T 

H}  ^'"''^ 

BIT  8  {T 

TT]  BIT  3 

BIT  7  [T 

To]  BIT  4 

BITS  |T 

T)  BITS 

16-PIN  HERMETIC 
DUAL-IN-LINE 
PACKAGE 
(Q-Suffix) 


ORDERING  INFORMATION  * 


N.L.* 

TEMPCO* 

%FS 

ppm/°C 

MILITARY  TEMPERATURE 

INDUSTRIAL  TEMPER  ATU  RE 

COMMERCIAL  TEMPERATURE 

MAX 

MAX 

Vo  =  ±5V/10V             Vo  =  ±2.5V/5V 

Vo  =  ±5V/10V 

Vo  =  ±2.5V/5V 

Vo=±5V/10V 

Vo  =  ±2.5V/5V 

-■''io.o&- 

±60 

DAGW0ACQSA83  ' -i^100ACQ6/883 

DAC10eACQ7 

OACIOOACQS 

□AC100ACQ3 

DAC100ACQ4 

±0.10 

±30 

moteoBBQ/ 

DAC100BBO8 

±0.10 

±60 

DAC100BCQ5«83  ' 

DACIOOBCCa 

DACIOOBCtM 

±0.20 

±60 

DACiaOCCQ5«S3  DAC100CCQ6«83 

aAC100CCQ7 

DAC100CCCI3 

DACIOtiCCOi 

±0.30 

±120 

.  DAC10000Q3 

Part  nijint)erconstriicdan:T(»1tt<s(Mr  following  BAO-ieo(/M})rslm 
nonlinearity  specification',  the  2nd  letter  (A-D)  refMlsSw  full-scale  IBni|ico; 
the  letter  0  refers  to  tfie  package;  and  the  end  nMiKerd  Indicates  the  output 
voltage  and  temperature.  _ 


Bum-in  is  avditable  on  commercial  and  Industrial  temperature  range  parts  in 
C«DiP,  plastic  DIP,  and  TO-can  packages. 


SIMPLIFIED  SCHEMATIC 


DIGITAL  LOGIC  INPUTS  - 


3  ^ANALOG 
OUTPUT 


■FOR  10V  OR  ±5V  OPERATKm, 
Rs  =  4.8acn  (PACKAGE  Q3. 
oa,  Q7) 

TOR  SV  OR  tZSV  OPERATKM. 
Rs  -  2^44101  (PMKA6E  04, 
OS.  OB) 


DI^TAL'TQ^ANALOGCONVEm^RS  1^945 


ABSOLUTE  MAXIMUM  RATINGS  (Note  1) 

V^'Supply  to  V-  Supply  O  to^+36V 

y+  Supply  to  Output  0  to  +1 8V 

V-  Supiily  to  Output  V.  0  to  -1 8V 

Logic  tnptrtsto  Output    ............n.......:.— .  -IVtc-Fev 

Operating  T«mperatureltengeQ3, 04. „..i.v;;;...?eKJ*r+70''C 

QSi  08,  07,  08  . .......J  ....1  -55*C  to +ia5'C 

Junction  :T'e«ipei«JiB«e:  assets  iHSO'O 


-Storage Temperature  Range  ...:.....-;.T;.^.-;r.-.r..7  -65°C  to  +1 50°C 
Lead  Temoerature  (Soldering,  60  sec)   +300°C 


PACKAGE  TYPE 

e,,(NotBZ) 

UNITS 

1 6-Pin  Hermetic  DIP  (Q) 

94 

12 

•c/w 

NOTES:  , 
1.  Ratings  apply  to  DICE  and  packaged  parts,  unless  otherise  noted. 
'  ia»;te  apB6M  ibnMiweanitwiirillng'GondWofn,  I,*.,  8,^  I*  speciMd^  dm^ 
lnSrt**lte»'C«!JlPpi«Ml»''''  '  ^  ?r.rTH-'  .  ' 

ELECTRICAL  CHARACTERISTICS  at  Vs =±  15V, -25"C <  TaS*88*C  for  07  and  08 devices:  0° C<¥A^70*C«rQ3  and 
te^i*,^  04;-55''C<TA<-H25°Cfor05and  Q6devices,  unlessotherwisenoted.  '    i  ••        •!  j!v 


BAB  AUETBB 

SVMBOk  -' 

u  ^NOmOMS 

IMC-1M 

MIN 

TYP 

MAX 

UNITS 

iRMOlution  ~ 

10 

Bits 

'Nonlinearity 

[+1/2  LSB  — 10  bits) 

A— 

[  (For  nonlinearltyAempco 

NL 

(±1/2LSB  — 9bits)               .  ^ 

*FS 

combinations,  see  Ordering 

(±1/2  LSB  — 8  bits) 

c— 

■-'STj  I10  t»i,-' 

*0.2 

InformatiOT)  - 

( +3/4  LSB  —  8  bits) 

D—  ., 

,  ±a3 

Full-Scale  Tempco 
(See  Full-Scale  Test  Circuit) 

Tc 

j 

,  '  r'  11 

j-.'.-.r.  ,      B;:  m:.;, 
'          -  r.f7r<?->r.:'.*i';' 

V 

J-  ;nTi-,:l!.t80-' 

■■in  iBbti^'W.  . 

n .  , 
ppni/°C 

f 

to+0.06%fS 

^.    ,AtL-  if 

10+0.1"lbFS                       ■  ■ 

"       "  -ALt 

'  m  ' 

Settling  Time  T^  =  25'C 

ts 

to±0.2«FS  ■" 

.               -      ALL        '.1)  . 

■  225 

to±0.4«FS 
to±0.8%FS 

ALL 
ALL 

-i  ISO,, 

a»ert  &:in^  '& 

^ti^^■  >- 

Full-Range  Output  Voltage 
[Limits  guarantee  adjustability 
to  exact  10.0  t&OjV  vm  » 

Connect  FS  Adjust  to  V- 
KWModelS(Q3,  Q5,  Q7) 
(See  Full-Scale  Test  Circuit) 
SV  Models  1 04,  06,  08) 

10 

"inBtinoho- 
—  11.1 

■r-^t^  ^ 

Adjust  and  V-) 

V,N  =  0.7V           -    -  -    -  - 

5 

5.55 

(See  Basic  Unipolar  Voltage  Output  Circuit) 

,  >1N.=.2-1V 

%FS 

«ro-bcaieuuTputvona®fi— -T~««    :„ 

ALL 

Logic  Inputs:  High 

Measured  with  respect  to 

output  pin 

ALL 

.,,24  , 

V 

r-- 

Logic  Inputs:  Low 

V,NL 

Measured  witli  respect  to 
output  pin 

  ALL 

0.7 

y 

Logic  Iriput  Cuirent.  Each  Input 

l|N 

V!„rO«o  -t<y             .« -  ., 

. i,  ,  -  MX.  -.  i'J  . 

5 

cA 

Logic  Input  Resistance 

v»j=oto+ev 

3 

mn 

Logic  Input  Capacitance 

C|H 

ALL 

2 

pF 

Output  Resistance 

"o 

ALL 

600 

itn 

Output  Capacitance 

Co 

ALL 

13 

pF 

Appli^J'ower  Supplin:  V + 

ALL 

+6 

+W 

y 

^Applied  Power  Supplies:  V- 

ALL 

-6 

-18 

V 

[Power  Supply  Sensitivity 

Pss 

Vs  =  ±6V  to±18V 

ALL 

+  0,10 

%  per  Volt 

Vs  =  ±15V 

03,  04 

200 

300 

{ Povrer  Consumption 

Pd 

Vs  =  ±6V 

03,  04 

80 

mW 

Vs  =  ±15V 

05,  06,  07,  08 

200 

250 

Positive  Supply  Current 

(■I- 

Vs  =  +  15V 
Vs=+15V 

03,  04 
Q5,  06,  07,  08 

10 
8.33 

mA 

Negative  Supply  Current 

1- 

Vs  =  -15V 
Vs  =  -15V 

03,  04 
Q5,  Q6.  Q7, 

-10 
-8.33 

mA 

t  " 

MOTE:      *^                         : . 

1 

-    -»^^-  - 

 -*-  -  , 

1 

T-,  - 

For  apfiKa^ogi90SU^iiBM^0fgs30i 

HI  «demal  voltage  ralsrsnce 

is  recoiiiinulfaijljrtii||!l*li^^ 

••■  1 
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DICE  CHARACTERISTICS 


DAR-01 


DIE  SIZE  .090  X  .064  inch,  5760  sq.  mils 
(2.286X  1701  mm,  3J88tt|.>lim)' 

\b.  '  '  ~~ 

2.  V- 

3.  OUTPUT 

15.  FULL-SCALE  ADJ 

16.  Rg 

R  —  Pads  art  connacted  to  almllarly 
>«n  DAHM 


Note:  Pad*  4  —  14,  Sae  DAI-01 


OAI-01 


BVB|B|l«l|l»qiq-il 


DIE  SIZE  0.080  X  0.067  inch,  5,360  sq.  mils 
<2.032  X 1 .702  mm,  3.458  sq.  mm) 


2.  V- 

3.  OUTPUT 

4.  BITIO(LSB) 

5.  BIT  9 

6.  BIT  8 

7.  BIT  7 

8.  BIT  6 

9.  BITS 


10.  BIT  4 

■ri-;  err  3 

12.  BIT  2 

13.  BIT  1  (MSB) 

14.  V+ 

R  —  Pads  are  connected  to  similarly 
marked  pads  on  OAR-01 

Note:  Pads  1, 2, 15, 16,  See  DAR-01 


These  die  versions  are  available  on  special  order;  contact  your  PHI  sales  office. 


WAFER  TEST  LIMITS  at  Ta  =  25°  C  for  the  R-2R  Ladder  Network  comprised  of  R1— R8,  R12,  R23,  R34,  R45  and  R56  when 
connected  to  an  ideal  ty-P1.  unless  ^he^ise  noted. 

DAR-01-N  DAR-01-G 
•   MIW     TfP     MAX  MIN      TYP     MAX  UNITS 


^pllnearity  , 


.„.yR1  =  3.2V 


—  ±0.035 


—  +ao5 


WAFER  TEST  LIMITS  at  Ta  =  25*0.  VR1  =  3.2V,  unless  otherwise  noted. 


PARAMETER 


CONDITIONS 


DAR-01 
MIN  TYP 


UNITS 


Resistance  R1  Atisoiute  Measurement  2.56        —      3.64  kn 


Ratio  RC1  to  R1 

Ideal  =  1.00503  to  1 

-1 

+1 

Ratio  R1  to  RSI 

Ideal  =  1.29959  to  1 

-1 

+1 

« 

Ratio  ni  to  RS2 

Ideal  =  1.29959  to  1 

-1 

+  1 

% 

Ratio  RB  to  R1 

Ideal  =  1.92211  to  1 

-1 

+  1 

% 

NOTE: 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  sitown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  pacltaging  is  not 
guaranteed  for  standard  product  dice.  Consult  factory  1o  negotiate  specifications  Iwsed  on  dice  lot  qusiification  through  sample  lot  assembly  and  testing. 
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DAR-01 


;  PARAMETER  CONDITIONS 

MIN       TYP  MAX 

UNITS 

!  Absolute  Temperature  Coefficient            All  Resistors 

—      ±180  — 

ppmyc 

iTracldna  Temperature  Coeffloisnt           All  Resistors  witfi  Respect  to  R1 

—           3  — 

ppm/''C 

WAFER  TEST  LIMITS  at  Ta  =  25° C  when  connected  to  an  ideal  DAR-01,  unless  otherwise  noted. 

.  PARAMETER           SYMBOL,  CONDITIONS 

DAI-01-N  DAI-01-G 

MIN       TYP      MAX            MIN       VfP  MAt 

UNITS 

Nonlinearity            ML                Vg  =  ±15V 

—          —     ±0.05               —          —  ±0.1 

% 

Internal  Reference                     w  _+icw 
Voltage 

6.6          -      6^^:S^%^J^m          —  6.900 

V 

i  - 

;  WAFER  TEST  LIMITSt^atiV®Ps|;4^jrT9v=^'^^&:Wt^@^  connected  to  an  ideal  DAf?b@^.fiiFMfS  o£herwt^>nM#f 

PARAMETER  CONDITIONS 

DAI-01 
MIN       TYP  MAX 

UNITS  ' 

Resolution 

10         -        10                 TiWTij.  . 

Bits  \ 

Analog  Output  Current                 All  Bits  Low,  V-  Connected  to  FS  Adjust 

1840          —       2274               .  -^i 

uA 

!  Zero-Scale  Output  Current           All  Bits  High,  V- Connected  to  FS  Adjust 

—          —  ±0011 

%1fs 

i  :  :  :  

;  Logic  Input  "0"     ^                    Measured  with  Respect  to  Output 

-          —  0.7 

V 

Logic  Input  "1"                         Measured  with  Respect  to  Output 

2.1          —  — 

V  : 

Supply  Current                           AM  Bits  High,  V-  Connected  to  FS  Adjust 

—          —       8.33  ■  ^'-'-^  = 

mA 

Power  Supply  Rejection                  Vg  =  ±6V  to  ±  18V 

—          -  0.1 

%Ifs/V 

NOTE: 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualification  through  sample  tot  assembly  and  testing. 

noted.        j  >- ;  f^AC                  t-;.ro-aA  i 

PARAMETER                              CONDITIONS     -       _          -  ^ 

□AI-01-N  DAI-OI-G 

Mua  — TYP-    MAiiir  \     Mm     TYP  MAX 

UNITS 

Full-Scale Temperature  Coefficient  (Note) 

—       +60          —              —       ±60  — 

ppm/°C 

NOTE: 

Full-Scale TemperatureCoefflclentisdefinedasttiechangeinoutputvoltage     ^  . 

,Vv           ,c  v'..       .  ■i.iiij-.f.i 

m-  ■  w 

measured  in  the  basic  unipolar  voltage  output  test  circuit  shown  on  the 
PAC-100  data  sheet  and  is  expressed  in  ppm-between  2^°C  and  either 
lemperature  extreme  dlvided'by  the  Gorrea^onding-tempefBtufe  change.  —  - 
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BASIC  CONNECTIONS 

BASIC  UNIPOLAR  VOLTAGE  OUTPUT  CIRCUIT 


*Re  4.8kll  FOR  10V  MODELS  (Q3,  OS.  07) 
Rg  -  2.4kil  FOR  SV  IMODELS  (Q«,  Q6,  08) 


toASIC  BIPOLAR  VOLTAGE  OUTPUT  CIRCUIT. 


Vref  "V  "^^ 


14    131211 10  9  8  7  6  5  4 

-_mimm. 


DAC-100  o — Oyy 


APPLICATIONS  INFORMATION 

FULL  RANGE  OUTPUT  ADJUSTMENT  —  The  output  cur- 
rent of  the  DAC-100  may  be  reduced  to  produce  an  exa^ 
10.000  (5.000)  volt  output  by  connecting  a  200n  adjustable 
resistance  between  the  full-et^e  adjust     and  V-.  Adjust- 

LOWBt  tmaoumoM  APPUf^noms  —  The  OAC-ioq 

may  be  used  lt:r!flpplicationf  TetfiiMnf  less  than  10  bits  ol 
Ifesolutton.  AH  unused  logic  ih^uts  mittt  l;e  tied  to  logic  higK 
for  proper  operation"  "Ptomng"  lod^npUts  can  cause 
Improper  operation.     ^      |  |   " 


REDUCED  RESOLUTION  APPLICATION 


LOGIC  CODING  —  The  DAC-100  uses  complementary  or 
inverted  binary  logic  coding,  i.e.,  an  all  "zeroes"  input  produ- 
ces a  full  range  output,  while  an  all  "ones"  Input  produces  a 
zero-scale  output.  Each  lesser  significant  bit's  weight  is  one- 
half  the  previous  more  significant  bit's  value,  l-ligh  logic  input 
turns  the  bit  "OFF,"  low  logic  input  level  turns  the  bit  "ON". 

LOGIC  COMPATIBILITY  —  The  input  logic  levels  are  directly, 
compatible  with  TTL  logic  and  may  also  be  used  with  CMOS 
logic  powered  from  a  single  +5  volt  supply. 

NONLINEARITY  (NL)  —  The  maximum  deviation  from  an 
ideal  straight  line  drawn  between  the  end  points,  expressed 
as  a  percent  of  full-scale  range  (FSR)  or  given  in  terms  of 
LSB  value.  The  end  points  are  zero-scale  output  to  full-scale 
output  for  unipolar  operation  and  minus fuil-scaie  to  positive 
full-scale  for  bipolar  operation. 

BIPOLAR  OPERATION  —  The  DAC-100  may  be  converted  to 
bipolar  operation  by  injecting  a  half-scale  current  into  the 
output;  this  Is  accomplished  by  connecting  the  internal  bipo- 
lar resistor  to  a  +6.4  volt  reference.  Trimming  of  the  zero 
output  may  be  facilitated  by  placing  a  500n  adjustable  re- 
sistance in  series  with  the  +6.4  voits. 

i VOLTAGE  AT  OUTPUT  PIN  —  The  DAC-100  is  designed  to 
be  operated  witti  the  voltage  at  the  output  pin  held  very  close 
to  zero  .volts.  Input  logic  threshold  levels  ane.directly  affected 
by  output  pin  voltage  changes;  voltage  swings  at  the  output 
may  cause  loss  of  linearity  due  to  improper  switching  of  bits. 
Large  volttf^^tffgsir^  cause  permanent  dtMajg&Hifia 
FshdiiU'be  avoTded.  Proper  operation  can  be  obtainei  wRI^ 
'output  voltages  held  within  ±0.7  voits;  a  pair  of  bacic-to-bacii 
'silicon  diodes  tied  from  the  output  to  ground  is  a  convenient 
way  of  clamping  the  output  to  this  limit. 
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TYPICAL  APPLICATIONS 
EXTERNAL  REFERENCE  CONNECTION 


BINARY-CODED-DECIMAL  D/A  CONVERSION 


ANALOQ  Sim  €F  TWO  DIGITAL  NUMBERS 


Nl 


HTTTTTTTTI 


0  -  2iTiA      4.S8  : 


o 

'???T?T?T??r 


D  -  2inA  4.8f 
v-K©  


VOUT  =  Nl  t  N2 


liV- 


DIGITALLY  PROGRAMMED  LEVEL  DETECTOR 


ANALOe  INPUT 
My  BSC>100  MODELS) 


9  TO! 
CURRENT' 
DIVIDER  — 


•CAN  BE  EXPANDED  TO  3  DIGITS  bVADOITION  OF  A  THIRD  DAC  AND 
.99  TO  1  CURRENT  DIVIOEl^ 


INTERFACING  WITH  CMOS  LOGIC 

The  DAC-100  requires  only  about  VA  of  input  current  into 
eacti  logic  stage.  This  enables  use  with  CMOS  inputs  as  long 
as  one  rule  is  observed;  logic  input  voltages  should  not 
exceed  6.5  volts  or  V+,  whichever  is  smaller.  To  provide  an 
understanding  of  this  rule,  it  is  necessary  t£MtflSi3ti(te the  logic 
input  stage  design. 

kOeiC  INPUT  STAGt-DESIGN  

For  simplicity,  only  one  of  the  ten  identical  input  circuits  is 
shown  below.  The  DAC-100  uses  a  fast  current-steering 
technique  that  switches  a  bit-weighted  current  between  the 
positive  supply  (V+)  and  the  analog  output,  which  Is  usually 
constrained  to  be  at  zero  volts  (virtual  ground)  by  an  external 
summing  amplifier.  - 

OAC-100  —  LOGIC  INPUT  STAGE 


ANALOG 
OUTPUT 


-0.7  VOLTS 
"ON"  CONDITION 
ONLY 


0 


BIT-WEiQHTEO 

CURRENT 

SOURCE 


Iv- 
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Switching  is  accomplished  by  forward  biasing  Q4,  diode- 
connected  transistor,  for  the  bit  "ON"  condition  and  bacl< 
biasing  Q4  in  the  "OFF"  condition.  For  the  "ON"  condition 
(V|N  £  0.7  volts),  Q3  is  "OFF"  —  all  of  the  bit-weighted  cur- 
rent, 1^,  flows  from  the  analog  output  through  Q4  and  ulti- 
mately to  V-.  In  the  "OFF"  condition  (  V|n  >  2.1  volts),  Q3  is 
"ON",  Q4  is  back  biased,  and  the  bit-weighted  current  is 
sou  reed  from  the  positive  power  supply  instead  of  the  analog 
joutput. 

If  V|N  is  too  high,  Q4's  emitter-base  junction  will  experience 
reverse  breaicdown  and  a  fault  condition  will  occur.  Equation 
1  describes  this  condition: 

1 )  BV|H  =  VbeI  +  VbE2  +  VbE3  +  BVeB4       7  VOltS 

Using  this  relationship,  it  can  be  seen  that  a  conservative 
input  voltage  limit  would  be  around  6.5  volts.  When  the  6.5V 
input  limit  is  observed,  OAC-100  operation  with  CMOS 
inputs  is  easily  achieved. 

!±B  VOtT  POWER  SUPPLY  OPERATION' 
This  is  the  most  convenient  method  of  interfacing  the 
,DAC-100  with  CMOS  logic.  At  ±6  volts  the  DAC-100  power 
dissipation  Is  only  80mW,  which  is  very  small  considering  the 
jinclusion  of  a  complete  internal  reference.  No  interfacing 
oomponents  are  required  with  ±5%  power  supplies,  and  the 
CMOS  iogicrand  DAC400  can  use  the  aime +6  von  power 
supply.  In  this  application  the  device  is  directly  CMOS 
compatible. 

BLOCK  DIAGRAM  —  CMOS  TO  DAC-100  INTERFACE 


OUT  IN 
5  VOLT  zlO% 
REGULATOR 


9  +6V  TO  +18V 


Vcc 

LEVEL 
SHIFTING 
BUFFER/ 
CONVERTERS 
2  EACH 
CO4049A 
OR 

CO40B0A  . 


10  LOGIC  INPUTS 


"1 


HIGH  LEVEL  CMOS  INTERFACING 

The  blocl<  diagram  below  illustrates  a  convenient  method  for 
interfacing  CMOS  input  levels  between  6.5  volts  and  15  volts 
with  the  DAC-100.  Inexpensive  and  readily  available  CMOS 
hex  buffer/converters  step  down  the  high-level  inputs  to  TTL 
levels  that  cannot  exceed  5  volts  —  clearly  satisfying  the 
input  stage  voltage  rule. 

In  addition  to  level  shifting,  buffer/converters  provide  input 
coding  flexibility  since  they  are  available  as  inverting 
(CD4049A)  or  non-inverting  (CD4050A)  devices.  This  gives 
the  user  a  choice  between  negative-true  and  positive-true 
binary  coding  and  allows  the  same  basic  DAC-100  to  CMOS 
interfacing  method  to  be  used  In  either  type  of  application. 

Since  buffer/converter  power  consumption  Is  very  low,  the 
required  +5  volts  can  be  provided  by  .a  simple  regulator  or 
even  a  resistive  divider  in  someapplicatitons.  In  a  multi-DAC. 

jijstem,  one  central,  inexpensive  three4erminal  IC  regulator 

■j  can  supply  several  level  shifting  devices. 

'  HOTB  -  ^ 

For  a  mor*  complete  sxplanailoiMnd  deWled  circuit  connections,  refer  to; 
AN-14,  "Intertacing  PMI  D/A's  witn  CMOS  i.oaie.'' 


BURN-INaRCUIT 


16      15       14       13      12      11       10'  9 


1  2  3  4  5 


NOTES: 

1.  RESISTOR  IS  Ikn  1/4W  METAL  FILM,  1%. 

2.  ALL  SHORTED  DEVICE  PINS  TO  BE  MADE  AT  DEVICE. 

3.  ONLV  +18V,  -18V,  AND  GROUND  LINES  ARE  TO  BE 
CARRIED  PARALLEL  TO  BOARD  CONNECTORS. 

4.  10nRE9STORSARE1/4WCC.5X. 
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SUCCESSIVE  APPROXIMATION  lA}'E>  CiD)i<i^RTER  (ti^ift) 


jfri  O!  !f. 'fill nil 


'=iW'8iSO  ,.«ilov  <■0- 
::f>lB^li  srtJ  moil 
oj  "T=)0-  9rtJ  ; 

■!■■!  ;>n)  ,b  jisl'l  ))os  '  .  ^ 
u?  ,vj/oci  S-'i'  soq  -j:!;  r-O'.;  ■ 


START 
CONVERSION 
COMPLETE 


MOTEt 

R3R  A  C0MI>|:ETE  TREATMENT  OF  SA  ADC'S  CONSTRUCTED  WITH  THE  DAC-100, 
REFEff  to  AN-11,  "A  LOW  COST,  EA$Y-TO-BUiLD  SUCCESSIVE  APPROXIMATION 
A/D  CONVERTER". 


1  (H6  J!*»s-n. 


T- 


: — —  J  Ofit 


FRACKING  (SERVO-TYPE)  A/D  CONVERTER 


1/2  7474 

TYPE  "D" 
FLIP-FLOP 


FOR  CLOCK  RATE  *  3.5MHz  C  =  470pF 


8284 
UP/DOWN 
COUNTER 


 O  CLOCK  IN  p  +15 

MAXIMUM  CLOCK  RATE  =  3.5MHz  T 


6-1S- 

(j>+S 


VtN  =  0  TO  +10V 
R|N  ^  4.8kn 


MAXIMUM  FULL  SCALE 
SINE  WAVE  IWUT 
IS460DHZ 


-O+BV 
3+15V 


0+15' 

'3 


0+l£ 

1 


NOTE: 

FOR  A  COMPLETE  TREATMENT  OF  TRACKING  AOC^  CONSTRUCTED 
WITH  THE  DAC-100,  REFER  TO  AN-6.  "A  LOW  COST.  HIQH  PERFORM- 
ANCE TRACKING  A/D  CONVERTER". 


DAC-312 


FEATURES 

*•  XHtf^mai  Nontinearlty   :.  i .  ±1/2LSB 

C^li^iireHiW^rn'"   •  ■  ■  ■  •  •  •  ■  005* 

&Jl:ntSaSlln£lxlniB.<.L  ,^   250n8 

«WHigh  Compmince  ....    -5V  to  +10V 

w^ptfimntiatOutg^   .;^..0to4mA 

•uyfiuatwrteMtiiMenotonictty    12^1* 

•''LowFiin-Scale'lSmpM      lOppm^C 

»  Ciienlt  tntertoe»l<rTTLi  CMOS,  ECL,  PM08/HM0& 

•  Low  Power  Consumption   T^SniW 

•  Industry  Standard  AM6012  Pinout 

•  Available  In  Die  Form 

ORDERING  INFORMATION  *  

 PACKAGE  OPERATING 

CERDIP              PLASTIC  TEMPERATURE 
DNL  20-PIN  2IM^N  RANGE 

±1/2LSB  DAC312ER*                 -  COM 

±1LSB  DAC312FR                 -  XIND 

±1LSB  0AC312HR                -  XIND 

±1LSB                   ,.,1  DAC312HP;i  , .  .^HND 

....^  -        _DAC3i2H,s'  r  .  mo 

•  For(Si^p>D6aai«dMlbU«6IQrllanc»IBll^^ 
^nunihacCorauIttKloiytaraaadlilaahML  ~ 

t    Bum-In  it  anilabte  on  eoniinardid  and  induuriallBiiipwatureiany 
'  CeffllP,  plastle  DIP,  and  TO<an  packagM. 

SeneRal  description 

The  DAC-312  series  of  12-bit  multiplying  digital-to-analog 
converters  provide  high  speed  with  guaranteed  performance 
to  0.012%  differential  nonlinearity  over  the  f<ull  commercial 
operating  temperature  range. 


Based  on  the  segmented  design  approach  pioneered  by  PMI 
with  the  COMDAC®  line  of  data  converters,  the  DAC-312 
combines  a  9-bit  master  D/A  converter  with  a  3-bit  (MSB's) 
segment  generator  to  form  an  accurate  12-bit  D/A  converter 
at  low  cost.  This  technique  guarantees  a  very  uniform  step  i 
size  (up  to ±1/2  LSB  from  the  ideal),  monotonlcity  to  12  bits 
and  integral  noniinearity  to  0.05%  at  Its  differential  current  | 
outputs.  In  order  to  provide  the  same  performance  with  a 
12-bit  R-2R  ladder  design,  an  integral  noniinearity  over 
temperature  of  1/2  LSB  (0.012%)  would  be  required. 

The  2S0ns  settling  time  With  low  glitch  energy  an.d  low  pQwer 
consumptifiin  areachieved  by  careful  atiention  to  the  cirquit 
design  and  sfringent  process  controls.  Direct  inteitaice  with 
all  pQpiular  logic  families  is  achieved  through  the^logic 
threshold  terminal. 


PIN  CONNECTIONS 


MSB  B1  [T 

• 

92  [F 

B3[T 

33 'o 

»E 

n}  VW 

m]  cow 

ni^REFW 

»E 

iZ]  ^lc'Agnd 

li]  B12LSB 

BIO  Qo 

111  B11 

20-PIN  HERMETIC  DIP 
(R-Suffix) 

20-PIN  PLASTIC  DIP 
(P-Suffix) 

204WSOL 
(SSuflbO 


FUNCTIONAL  DIAGRAM 


*GND»SB 


Vref'-i& 


Manufactured  under  one  or  more  of  the  following  patents:  4,055,773;  4,056.740;  4,092,639 
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High  compliance  and  low  drift  characteristics  (as  low  as 
lOppm/'C)  are  also  features  of  the  DAC-312  along  with  an 
excellent  power  supply  rejection  ratio  of  ±.001%  FS/%iiV. 
Operating  over  a  power  supply  range  of  +5/-11 V  to  ±18V  the 
device  consumes  225m  W  at  the  lower  supply  voltages  with  an 
absolute  maximum  dissipation  of  375mW  at  the  higher  supply 
levels. 

With  their  guaranteed  specifications,  single  chip  reliability 
and  low  cost,  the  DAC-312  device  makes  excellent  building 
blocks  for  A/D  converters,  data  acquisition  systems,  video 
display  drivers,  programmable  test  equipment  and  other 
applications  where  low  power  consumption" and  Coffiptete 
input/output  versatility  are  required.  ,    .''  • 

ABSOLUTE  MAXIMUM  RATINGS  (Note  1) 

Operating  Temperature 

DAC-312E  O'Cto+TO-C 

DAC-312F,  DAC-312H  -40°Cto+85°C 

Junction  Temperature   "■•••••u;SISJS|tlJ9^ 

Storage  Temperature  (T.)  ...-^'ISKS'Sro'?!^^ 


Lead  Temperature  (Soldering,  60  sec)   300°C 

Power  Supply  Voltage  ..::i........-.%T.-.Tr.-!Sns?sr.-:i...  ±18V 

Logic  Inputs  -5V  to  +1 8V 

Analog  Current  Outputs  -8V  to  +1 2V 

Reference  Inputs  V.,  ^,  V,  ^  V-  to  V+ 

Reference  Input  Differential  Voltage  (V,^,  V,  j)  ±18V 

Reference  Input  Current  (1,^  1 .25mA 


PACKAGE  TYPE  e,»(N6le2)         e,c  UNITS 


20-Pin  Hermetic  DIP  (R)         .  76  11  °C/W 

20-Pin  Plastic  DIP  (P)  .  69  27  'C/W 

20-Pin  SOL  (S)   88  25   °C/W 

NOTES: 


1.  AbsoMe  maxknuiii  ialingsapply  la  txith  DICE  and  packaged  parts,  unless  olheis- 
wise  noted. 

2.  Sjj^  is  specified  for  wnrst  case  mounting  CQnditk)ns,i.e.,ej^  is  specHied  for  device 
in  socket  for  CerOIP  and  P-Oll^  packages:  is  specified  tor  device  soMered  to 
printad  circuit  txiaid  tor  SOL  package. 


ELECTRICAL  CHARACTERISTICS  at  V„  =  ±1 5V,  L =  1 .0mA,  0°C  s T.  s  70°C for  DAC-31 2E  and  -40°C  sT^s  +85°C  for  DAC- 

S  REF  '  A    A 

31 2F,  DAC-31 2H,  unless  otherwise  noted.  Output  characteristii:s  refer  to  both  l^u-j-and  Iq^jj- 


PARAMETER 

SYIMBOL 

coNornoNS 

MIN 

DAC-312E 

TYP  MAX 

MIN 

PAC-312F 

TYP  MAX 

DAC-312H 

MIN         TYP  MAX 

UNITS 

Resolution 

12 

12 

12  — 

Bits 

Monotonicity 

"q-pj;  

12 

12 

12  — 

Bits 

Differential 
Nonllnearity 

DNL 

Deviation  from  ideal 
step  size  (Note  2) 

—  ±0.0126 

—  ±0.6 

—  ±0.0250            ^—  — 

—  ±1             —  — 

+0.0250 
+  1 

%FS 
LSB 

1  1 
Nonllnearity 

INL 

Deviation  from  ideal 
straigilt  line  (Note  2) 

—  ±0.05 

—  +0.05 

±0.06 

%FS 

Full-scale 
GurrenI  

'fs 

VnEf=10.opOV 
CtM-De-mOOOkll 

3,817 

3,999     i  4.031 

3>.93S 

3.999  4,0^ 

a935  .agas! 

i'l£«C0B3 

mA  . 

■-■LT  nulftworr  ■ 

Full-Scale 
Tempco 

TCIfs 

iS  120 
10.005  10.002 

±10  ±40 
±0.001  ±0.004 

—  ±80 

^  .mm-. 

ppm/°C 

:,%F^'C:,^ 

Output  Voltage 
Compliance 

Voc 

DNL  Specification 
guaranteed  over 
compliance  range 

-5 

—  +10 

-6 

—  +10 

-5  — 

+10 

V  ' 

Fuli-Scale 

'  Symmetry 

IpSS 

1  Ips  1  -  1  Ifs  1 

±0.4  ±1 

±0.4  ±2 

^  ±0.4 

±2 

Zero-Scale 
Current 

'        —  0.10 

—  0.10 

0.10 

*^ 

Settling  Time 

Is 

To  ±1/2  LSB,  all  bits 

sv^itched  ON  or  OFF 
(Note  1) 

250  500 

250  500 

—  250 

Propagation 
Delay  — 
all  bits 

tpl>l 

'PHL 

All  bits  switched 
50%  point  logic  swing 
to  50%  point  output 
(Note  1) 

26  60 

26  60 

—  25 

50 

ns 

Output 
Resistance 

Ro 

>10  — 

>10  — 

—  >10 

IVIII 

Output 

capacitance  -  20  -  _  20  _  _  20  -  pF 
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ELECTRICAL  CHARACTERISTICS  at  Vg  =  ±1 5V,  l^^^  =  1 .0mA,  0°C  s  s 
31 2F,  DAC-312H,  unless  othemise  noted.  Output  characteristics  refer  to  both 

70°C  for  DAC-31 2E  and  -40°C  «    s  tSa'C  for  DAC- 
louTa«*^ot*^^*'^'«*«' 

PARAMETER 

SYMBOL 

CONDITIONS                 ^  ^ 

MIN 

DAC-312E 

TYP  MAX 

MIN 

DAC-31 2F 

TYP  MAX 

MIN 

DAC-312H 
TYP  MAX 

UNITS 

Logic  Input 
levels  "0" 

V|L 

Vlc=GND 

- 

o.a 

- 

-6.8 

- 

0.8 

V 

Logic  Input 
Levels  "1" 

V,H 

Vlc=GND 

2 

2 

2 

V 

Uogic  Input 
Current 

l|N 

V|N  =  -5  to  +  18V              ••'  - 

- 

40 

- 

40 

40 

cA 

Logic  Input 
Swing 

V|S 

-5 

- 

+18 

+18 

-5 

+  18 

V 

Reference  Bias 
Current 

hs 

0 

-0.5 

-2 

0 

-0.5 

-2 

0 

-0.5 

-2 

/.A 

Reference  Input 
,S[t^p»te  . 

Ru(eq)  =  80011 
Cc=OpF  (Note  1) 

4 

8 

8 

4 

8 

niA/|is 

Power  Supply 
Sensitivity 

PSSIfs^ 
PSSIfs_ 

V+  =  +13.5V  to  +16.5V. 

V-  =-15V 

V-  = -13.5V  to -16,5V, 
V+=+15V 

fO.QQ05 

±0.00025 

±0.001 

±0.001 

±0.00025 

^j}.001 

+  0.001 

—  +0.0006 

—  ±0,00025 

+0.001 

±0.001 

ii.    .  ■" 

Povyer  Supply 

V-  . 

VouT-OV 

4.5 
-18 

18 

-10.8 

4.5 
-18 

18 
-10.8 

4.5 
-18 

18 
-10.8 

V 

> 

PoAier  Supply 

(J^Vcent  . 

1+ 

1- 
1+ 
1- 

V+  =  +5V,  V-=-1SV 

V+S+1SV,  v-=-isv  - 

•  1  s 

3.3 
-13.9 

3.9 
-13.9 

7 

-18 
7 

-18 

3.3 
-13.9 

3.9 
-13.9 

7 

-IB 
7 

-18 

3.3 
-13.9 

3.9 
-13.9 

7 

-18 
7 

-18 

mA 

Power 

Pd 

V+  =  +5V,  V-=-15V 
V+  =  +15V,  V-  =  -15V  - 

225 
267 

305 
375 

22S 
267 

305 
375 

225 
267 

305 
375 

mW 

1.  -Quaranteed  by  design; 

2.  ,15^  =  Z5'!C  tor  OAC-312H  grade  only. 


ST,  '  1  '  r<-;~.  ;  .'^ 1^  ■ 
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DICE  CHARACTERISTICS 


1.  B1  (MSli) 

11.  B11 

2.  B2 

12.  B12(LSB) 

3.  B3 

13.  Vlc/Agnd 

4.  B4 

14-  Vref(+) 

5.  B5 

15.  VrefH 

6.  B6 

16.  COMP 

7.  B7 

17.  V- 

8.  B8 

18.  Iq  ' 

S.  BB 

19.  15  

10.  BIO 

20.  V+  ; 

DIE  SIZE  0.141  X  0.096  inch,  13,536  sq.  mils  (3.58  X  2.44  mm,  8.74  sq.  mm) 


WAFER  TEST  LIMITS  at  Vs=  ±15V,  lF|gp=1.0raiSk,-%:»§S'°e,  unless  otherwise  noted.  Output  characteristics  refer  to 
both  Iqut  Sid  lout-9         ^  k  -  .  . 


DAC-312N 


DAC-312G 


MRAMETER 

SYMBOL  CONDITIONS 

LIMIT 

LIMIT 

UNIH8 

Resolution         .  -       ^  , 

12  ■ 

■      '  12 

BHsMlN 

-  is  - 

12 

^Blls  MIN 

Monotonicity  

Nonlinearlty 

 fc»   W  ■  =  

at,  at 

±0.05 

+0.05 

Output  Voltage 

Full-Scale  Current 

+10 

~VMAX 

Comptiance 

°°             Cf)ange  <1/2  LSB 

-SO' 

,       ;  V(«!IJ( 

Full-Scale 

4.031 

mA  MAX' 

Current 

3.967 

3.935 

mAMIN 

Full-Scale  Symmetry 

'fss                                   .  -s 

±1 

+2 

fiAMAX 

Zero-Scale  Current 

izs  

0.1 

0.1 

mA  MAX 

Differential 

Deviation  from 
DNL            ,j   .  . 

ideal  step  size 

±0.012 

±0.025 

%FS  MAX 

Nonlinearlty 

±1/2 

•  Vii..,  t^3*^|t5:(LSB)  MAX 

Logic  Input  Levels  "0" 

ViL              V|.o  =  GND 

0:8 

0.S 

V  MAX 

Logic  Input  Levels  "1" 

ViH             Vlc  =  GND 

2 

2 

V  MIN 

Logic  Input  Swing 

Vis 

+18 
-5 

+18 

-S 

VMAX 
VMIN 

Reference  Bias 
Current 

Its 

-2 

-2 

;iAMAX 

Power  Supply 

PSSIfs+         V+  =  +13.5V  to  +16.5V,  y-=-1W 

±0.001 

+0.001 

<IMiMAX 

Sensitivity 

PSSIps-         V-  =  -13.5Vto-16.5V,  V+=l|.1SV 

±0.001 

+0.001 

Power  Supply 
Current 

1+  Vs=±15V 
1-                 Ihef^  1.0mA 

T 

-18 

7 

-18 

mAMAX 

Power 
Dissipation 

Vs  =  +15V 
°                IpEpS  1.0mA 

375 

mWMAX 

NOTE: 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  based 


assembly  methods  and  normal  yield  loss,  yield  after  packaging  Is  not 
on  dice  lot  qualification  througti  sample  lot  assembly  and  testing. 


TYPICAL  ELECTRICAL  CHARACTERISTICS  at  25°C;  Vs  =  ±15V,  and  Iref  =  1.0mA,  unless  otherwise  noted.  Output 
characteristics  refer  to  both  lourand  Iqut- 


MRAMETER 

SVMBOL 

CONDITIONS 

DAC-312N 
TYPICAL 

DAC-312G 
TYPICAL 

UNITS 

Reference  Input 
Slew  Rate 

dl/dt 

8 

8 

mA/^ 

i  .Wiy  Bit  HlH 

.  m  ' " 

Settling  time 

% 



To  ±1/2  LSB,  All 
Bits  SwftGlied  &$ 
or  OFF. 

250 

ns 

Full-Scale 

±10 

ppm/°C 

TYPICAL  PERFORMANCE  CHARACTERISTICS 


DAC-312 


i^TPUT  CURRENT^^M« 

I  OUTPUT  VOLTAGr  " 

;  fOUTPUT  VOLTAGE  COMPLIANCE) 


r 


V1-)  =  -10.8V 
I 


ALL  BITS  ON 


IrEP  =  0.5mA 


OUTPUT  VOLTAOe  (VOLTS) 


ffil^EtmNCE  AMPLIFIER 
COMMON-MODE  RANGE 


f,EP=  l.OmA 


_  NOTES: 

POSITIVE  COMMON  MODE  VOLTAGE 

IS  ALWAYS  1V*1  -l.JBV. 
-      NEGATIVE  COMMON  MODE  VOLTAGE 

IS  ALWAYS  fV-)  +  1.a  +  (lp,gpX3klJl. 


=■  O.SmA 


ALL  BITS  ON 


mi 


V,.  REFBIEI^  COmioN  MODE  IVOLTSI 


OUTPUT  COMPUANCE 
vs  TEMPERATURE 


TEMPERATURE  (%) 


POWER  SUPPLY  CURRENT  vs 
POWER  SUPPLY  VOLTAGE 


_l„Ep.  1.0mA  . 


4  «  e  _10  .12  .  -14  16  18  20 
POWER  SUm.V  VOLTAGE  (VOLTSI 


POWER  SUPPLY  CURRENT 
vs  TEMPERATURE 


TRUE  AND  COMPLEMENTARY 
OUTPUT  OPERATION 


(0000  0000  0000) 


l^ffUtmH  (111111111111) 


TBHPERATURE  TC) 


REFERENCE  AMPLIFIER 

SMALL-SIGNAL 
FREQUENCY  RESPONSE 


REFERENCE  AMPLIFIER 

LARGE-SIGNAL 
FREQUENCY  RESPONSE 


R1 
-RL 
VI 

-V| 
CE 

= 

R 
« 

o\ 
V 
EP 

5=1 

n.cc 

■ 

-SpF 

5  = 
st  = 

NT 

E 

3  A 

T+50{ 

m\ 

/ 

1 

GAIN  ACCURACY  vs 
REFERENCE  CURRENT 


0    ai  02  0.3  0.4   0.5   0.6   0.7   0.8  fl 
REFERENCE  INPUT  CURRENT  (mAI 
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NEGATIVE  LOW  IMPEDANCE  OUTPUT  OPERATION 


POSITIVE  LOW  IMPEDANCE  OUTPUtLOPBRIt^lCIN 


FOR  COMPLEMENTARY  OUTPUT  tOPERATION J£  A  NEGATIVE  L^SfSfC  QKCT 
CONNECT  INVERTING  INPUT  OF  OP-AMP  TO  Iq  (PIN  19}:  CCMN^  Iq  [PIN  W 

TO  GROUND.  r 


FOR  COMPLEMENTARY  OUTTHJT  (OPERATION  AS  A  NEGATIVE  LOGIC  DACi. 
CONNECT  NON-INVERTING  INPUT  OF  OP-AMP  TO      (PIN  19);  CONNECT 
Iq  [PIN  18)  TO  GROUND. 


ACXOMMdDATING  BIPOLAR  REFERENCES 


REF  >  'REF 


V|N    "^^O  O  


<RFF  >  PEAK  NBSATIVE  SWING  OF  I,. 


_          O  AV^  

"REF  - 

R15 
(OPTIONAL) 
V|N  O  ^/^  


'  ^  -312 


Vn£p{+}  MWT  BE  ABOVE  PEAK  POSITIVE  SMNG  OF  V|n 


BASIC  NEGATIVE  REFERENCE  OPERATION 


VrefWo 


'^REF'- 

"ref 


NOTE: 

RpEP  SETS  Ips;  R15  IS  FOR  A 
BIAS  CURRENT  CANCELLATION. 


RECOMMENDED  FULL-SCALE 
ADJUSTMENT  CIRCUIT 


BASIC  POSITIVE  REFERENCE  OPERATION 


MSB  LSB 
B1  B2  B3  84  BB  B6  87  B8  89  B10  B11  B12 


TiT2T3T4?6T6y7tBT9'fioTii 


_  ^REF'*"'  4095 

Iq  +  Iq  ■  'fr  fO"  A"-"- 
LOGIC  STATES. 


FOR  FIXED  REFERENCE. 
TTC  OPERATION, 
TYPICAL  VALUES  ARE: 

Vref  =  +io-Mov 
vwv,c  "ref-'ooook" 

R15-R„Ef 
Cc  =  0.01^iF 
Vu;  -  OV  (GROUND) 


PULSED  REFERENCE  OPERATION 


V„efW  '.'11 
9 

R  f  OPTIONAL  RESISTOR 

>  I  FOR  OFFSET  INPUTS 


^REQ-sma 


cv-TL 

TYPICAL  VALUES: 
R|N  -  Ikn 
Rp  =  4kn 
V|N{+t  -  IV 


1 


'in  *V  "hbf 


TJ" 


DAC-312 


BASIC  CONNECTIONS 

INTERFACING  WITH  VARIOUS  LOGIC  FAMILIES 


Vth-*'*' 


■Vlc*  1.4V 
FOR  CMOS 


2N3904 

,  TO  P(N  13 


3kn 


NOTES:   ..   .     .  .   

1.  SET  THE  VOLTAGE  ~A?  to  IH^.P^AEOLOSIC 
IMHJT  SmTCHlin  THIi^ll0LI>l 

2.  AU.OWABU  RANGE  d^  UjOdlWi^HOtO  IS 
TVnCAUr -W  TO -FiasV  WHBI  CPHiAtlHG 

.      1^  BACON  115V SUFPtlES. 


BIPOLAR  OFFSET  (TRUE  ZERO) 


"OUT 


NOTE:  _ 
CODE  MAY  BE  COMPLEMENTED  BY  REVERSING  U  &  U 


MSB  LSB     lo  Iq 


CODE  FORMAT         OUTPUT  SCALE 

81 

B2 

83 

84 

85 

86 

87 

88 

89  B10 

811 

812 

(mA) 

(mA) 

"out 

T3fSefBffiatl5f      ;    P^ifve  tull-soale 

1 

1 

1 

1 

1 

1 

1 

1 

1  1 

1 

1 

3.999 

0.000 

9.9951 

trijez^oj^if  „.,P^lt!veif,i^-^fl»(e-!5SB.^ 

.1 

1 

1 

1 

1 

1 

1 

1 

1  1 

1 

0 

3.998 

0.001 

9.9902 

1 

0 

0 

0 

0 

0 

0 

0 

0  0 

0 

1 

2.001 

1.998 

0.0049 

1 

0 

0 

0 

0 

0' 

0 

0 

(T  O 

2.000 

1.998 

ateoo 

'0 

1 

1 

1' 

f 

1 ' 

1 

f 

1   '  1 

1  '  ' 

"1 

1.l»9 

2:000 

Negative  full-scale + LSB 

0 

0 

0 

6 

» 

0  ' 

0 

0 

0  0 

0 

1 

0.001 

3.^ 

-91951 

Negative  full-scale 

0 

0 

0 

a 

0'- 

0 

0 

0  0 

0 

0 

0.000 

-10.000 

2's  complement:         Positive  full-scale  q  ^ 

0 

1 

1 

1 

1 

1 

1 

1 

1  1 

1 

1 

3.999 

0.000 

9.9951 

true  zero  output          Positive  full-scai*'HygB- 

-  0 

1 

1 

1 

1 

1 

1 

1 

1  1 

1 

0 

3.998 

0.001 

9.9902 

MSB  complemented    +1  LSB               '  ' 

0 

0 

0 

0 

0 

0 

0 

0 

0  0 

0 

1 

2.001 

1.998 

0.0049 

(Need  Inverter  at  B1).  Zero-scale 

'0 

•  0' 

0' 

0 

0- 

0 

(J- 

-  □'"HB 

2.000 

1.999 

-1  LSB 

0  1  0 

1" 

it> 

i< 

ia 

1 

1 

i 

Negative  full-scale  i- LSS 

'1 

■  0 

a' 

0' 

0 

0 

0 

0 

0  0 

0 

1 

0.001 

3.998 

^9.9951 

Negative  full-scale  ' 

1 

0 

0 

0 

d 

0 

0 

0 

0  0' 

0 

0 

0.000 

3.999 

-10.000 
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dASiC  CONNECTIONS 
BASIC  UNIPOLAR  OPERATION 


NOTE: 

CODE  MAY  BE  COMPLEMENTED  BY  REVERSING  Iq  &  Iq 


MSB 

LSB 

lo 

'o 

CODE  FORMAT 

OUTPUT  SCALE 

B1 

B2 

B3 

84 

BS 

B6 

B7 

B8 

B9 

BIO 

B11 

B12' 

(mA) 

(m*) 

VOUT 

Straight  Binary; 

Positive  fuli-sqale ' 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

3.999 

0.000 

9.9976 

unipolar  with  true 

Positive  full-Scale  -LSB 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

3.998 

0.001 

9.9951 

input  code,  true 

LSB 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0.001 

3.996 

0.0024 

zero  output. 

Zero-scale 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.000 

3.999 

0.0000 

Complementary  binary; 

Positive  full-scale 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.000 

3.999 

9.9976 

unipolar  with 

Positive  full-scale  -LSB 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0.001 

3.998 

9.99S1 

complementary  input 

LSB 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

3.998 

0.001 

0.0024 

fg^jttl<|2sro  output. 

Zero-scale 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

'  1  ■ 

3.999 

'OiQOO 

o.oooa 

SYMMETRICAL  OFFSET  OPERATION 


MSB  LSB     Iq  Iq 


CODE  FORMAT 

OUTPUT  SCALE 

B1 

B,! 

B3 

B4 

B5 

B6 

B7 

88 

B9 

BIO 

B11 

B12 

(mA) 

(mA) 

VoUT 

Straight  offset  binary; 

Positive  full-scale.. 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

3.999 

0.00 

9.9976 

symmetrical  about  zero, 

Positive  full-scale - 

LSB 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

3.998 

0.001 

9.9927 

no  true  zero  output. 

(+j  Zero-scale 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2.000 

1.999 

0.0024 

(-)  Zerc^-scale 

0. 

1 

1 

1 

1 

1 

1 

1 

1  . 

- 1, 

l.rl 

1 

1.999 

2.000 

-0.0024 

Negative  full-scale 

-LSB 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0.001 

3.998 

-9.9927 

Negative  full-scale 

0 

0 

0 

0 

0 

0 

0 

0 

0 

•  0 

0 

0 

.0.000 

3.9^9 

-9.9976 

1's  complement; 

Positive  full-scale 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

3.999 

0.(100 

9.9976 

symmetrical  about  zero, 

Positive  full-scale - 

LSB 

0  , 

h 

% 
f> 

1 

1 

1 

1 

1 

1 

1 

1 

0 

3.998 

0.001 

9.9927 

no  true  zero  output. 

(+)  Zero-scale 

0  . 

d: 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2.000 

1.999 

0.0024 

MSB  cu/!ip/eiiie(Utf  J 

I  -|  Zero-scale 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1.999 

2.000 

-0.0024 

(need  inverter  at  B1  i. 

Negative  full-scale 

-LSB 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0.001 

3.998 

-9.9927 

Negative  full-scale 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.000 

3.999 

-9.9976 
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APPLICATIONS  INFORMATION 
REFERENCE  AMPLIFIER  SETUP 

The  DAC-312  is  a  multiplying  D/A  converter  in  wtiich  the 
output  current  is  the  product  of  a  digital  number  and  the 
input  reference  current.  The  reference  current  may  be  fixed 
or  may  vary  from  nearly  zero  to  +  1  OmA.  The  full  range  output 
current  is  a  linear  function  of  the  reference  current  and  is 
given  by:  •  '      •       ■    ■  •  • 

In  positive  reference  applications,  an  external  positive  refer- 
ence voltage  forces  current  through  R14  into  the  Vrefi+i 
terminal  (pin  14i  of  the  reference  amplifier  Alternatively,  a 
negative  reference  may  be  applied  to  Vref(-)  at  pin  15.  Refer- 
ence current  flows  from  ground  through  R14  into  Vref(+|  as 
in  the  positive  reference  case.  This  negative  reference  con- 
nection has  the  advantage  of  a  very  high  impedance  pre- 
sented at  pin  15.  The  voltage  at  pin  14  is  equal  to  and  tracks 
the  voltage  at  pin  15  due  to, the  h\gt\  gain  of  the  internal 
reference  amplifier  R15  {nomirtSlly  eq'u^Vtb  R't4)  is  used  to 

cancel  bias  current  errors.  '  ''    ' ■ 

.•c.i  -iiiv     .'t'  iut;''. 
Bipolar  references  mayJ^.accomodated  by  offsetting  \/hef 
or  pin  15.  The  negative  common-mode  range  of  the  reference 
amplifier  is  given  by:  Vcm-=  V-plus  (iREpXakn)  plus  1.23V. 
The  positive  common-mode  range  is  V+  less  1.8V. 

When  a  DC  reference  is  used,  a  reference  bypass  capacitor  is 
recommended.  A  5.0V  TTL  logic  supply  is  not  recommended 
as  a  reference.  If  a  regulated  power  supply  is  used  as  a 
reference,  R14  should  be  split  into  two  resistors  with  the 
junction  bypassed  to  ground  with  a  O.VF  capacitor 

For  most  applications  the  tight  relationship  between  IpEpand 
Ips  will  eliminate  the  need  for  trimming  Iref-  If  required,  full 
scale  trimming  may  be  accomplished  by  adjusting  the  value 
0itiB14,reribyiju8ing  agnwlentiometer  for  R14i.  An  improved 
ncetfioiiitja^lT^calarMrgminsMMch  elitninates  patantiome- 
t4c<T.&3effects  is.iShqMnii  in  the  Recommem^  Fjull-Scale 
^lustnient  circuit.  <.,.. 

The  reference  amplifier  must  be  compensated  by  using  a 
capacitor  from  pin  16  to  V-.  For  fixed  reference  operation,  a 
0.01 /uF  capacitor  is  recommended.  For  variable  referepcf,^ 
applications,  see  section  entitled  "Reference  Amplifier CSsWit. 

pensation  for  Multiplying  Applications."  ' ' '  ' 

Kirn     e  'til"  dn-  :s       ...   ;■    .■.6--,ea  '  f    :    ■  o<. 

MULTIPLYING  OPERATION 

The  DAC-312  provides  excellent  multiplying  performance 
with  an  extremely  linear  relationship  between  Ips  and  Irh? 
over  a  range  of  1mA  to  1/xA.  Monotonic  operation  is  main- 
tained over  a  typical  range  of  Iref  from  100/iA  to  1.0mA. 
Although  some  degradation  of  gain  accuracy  will  be  realized 
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at  reduced  values  of  Iref-  (See  Gain  Accuracy  vs  Reference 
Current).  i 

REFERENCE  AMPLIFIER  COMPENSATION  FOR  ' 
MULTIPLYING  APPLICATIONS 

AC  reference  applications  witi  requiretfte  referencronipMteti 
to  be  compeijsated  usirtg  a  capacitor  from  pin  ^6t6  V^.  The 
value  0f4tii«papacitor?d6jWiids  on  the  Impedance  presented 
to  pin;14)forC{14>valuesof  1.0, 2.5  and  S.Okn,  minimum  values 
of  CcareSv10;!and:29pF..'Larger  values  of  R14  require  propor- 
tionately increased  values  of  Cc  for  proper  phase  margin. 

For  fastest  response  to  a  pulse,  low  values  of  R14  enabling 
small  Ccvalues  should  be  used.  If  pin  14  is  driven  by  a  high 
impedance  such  as  a  transistor  current  source,  none  of  the 
above  values  will  suffice  and  the  amplifier  must  be  heavily 
compensated  which  will  decrease  overall  bandwidth  and 
slew  rate.  For  R14  =  1  kO  and  Cc= 5pF,  the  reference  amplifier 
slews  at  4mA//js  enabling  a  transition  ffom  Ifjgp- Oito  (ref^ 
1  mA  In  250ns.  .  ,  „.  •     .  ■-  .        ,  -.  j: 

Operation  with  pUlS6  itVptit^to  tfie  reference  amptifiir  may. 
be  accommodated  by  an  alternate  compensation  scheme. 
This  technique  provides  lowest  full-scale  transition  times. 
An  internal  clamp  allows  quick  recovery  of  the  reference 
amplifier  from  a  cutoff  (Iref  =  0)  condition.  Full-scale 
transition  (0  to  1mA)  occurs  in  62.5ns  when  the  equivalent 
Impedance  at  pin  14  Is  SOOn  and  Cc  =  0.  This  yields  a 
reference  slew  rate  of  8mA/MS  which  is  relatively  indepen- 
dent of  Riband  Vin  values. 

LOGIC  INPUTS 

The  DAC-312  design  incorporates  a  unique  logic  input  circuit 
which  enables  direct  Interface  to  all  popular  logic  families 
and  provides  maximum  noise  immunity.  This  feature  is  made 
possible  by  the  large  Input  swing  capability,  40/uA  logic  input 
current,  and  completely  adjustable  logic  threshold  voltage. 
For  V-  =  -15V,  the  logic  inputs  may  swing  between  -5  and 
+  10V.  This  enables  direct  interface  with  +15V  CMOS  logic, 
even  when  the  DAC-312  is  powered  from  a  +5V  supply.  Min- 
imum input  logic  swing  and  minimum  logic  threshold  voltage 
are  given  by  :  V-  plus  (Iref  X  3kn)  plus  1.8V.  The  logic 
threshold  may  be  adjusted  over  a  wide  range  by  placing  an 
appropriate  voltage  at  the  logic  threshold  control  pin  (pin  13, 
Vlc)-  The  appropriate  graph  shows  the  relationship  between 
VLcand  Vth  over  the  temperature  range,  with  Vjh  nominally 
1.4above  Vlc- For  TTL  interface,  simply  ground  pin  13.  When 
Interfacing  ECL,  an  Iref:^  1mA  la«ecomiiiend«d.#or.iinter^ 
facing  other  logic  families,  see  block  titled  "Int^rfacihg  With 
Various  Loglo.jgamiliiesS'.J^wgiam^at'Satupofithe  logic  con- 
trol clfeult,>it  should  be  ntAed  that  pin  ISwilt  6ink  7m  A  typical; 
external  Circuitry  should  be  desigiiit^to  adcommodate  this 
current 
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Both  tme  and  complemented  output  sink  currents  are  pro- 
vided where  lo+ Io=  I  fr-  Current  appears  at  the  "true"  output 
when  a  "1"  isappltedtDeSch  logic  input.  As  the  binary  count 
increases,  the  sink  current  at  pin  18  Increases  proportionally, 
inthe fashion  of  a  "positive  logib"  D/A  converter.  When  a  "0" 
is  applied  to  any  input  bit,  that  current  is  turned  off  at  pin  18 
and  turned  on  at  pin  19.  A  decreasing  logic  count  increases  I  o 
as  in  a  negative  or  Inverted  logic  D/A  converter.  Both  outputs 
may  be  used  simultaneously.  If  one  of  the  outputs  Is  not 
required  it  must  still  be  connected  to  ground  or  to  a  point 
capable  of  SQurcIn^      do  not  leave  an  unused  output  pin^, 

BQth  o^PMts  JiAKe  an-extroreely  .widis  yoltage  compliance 
e^wbling  last  direct  current-to-voltage  conversion  through  a 
r«^jsto]r  tied  to  ground  or  other  vofltag^  source.  Positivecom- 
pj^ncejs  25V4jbove  V--4^,d  is  tn^^Qtidertt.of  the  positive 
supply.|JegativeiCompliapfseis+40V>ab9veV-iA,  .|r 

The  dual  outputs  enable  double  the  usual  peak-to-peak  load 
swing  when  driving  loads  In  quasi-differential  fashion.  This 
feature  is  especially  useful  in  cable  driving,  CRT  deflection 
and  in  other  balanced  applications  such  as  driving  center- 
tapped  coils  and  transformers. 

POWER  SUPPLIES 

The  DAC-312  operates  over  a  wide  range  of  power  supply 
voltages  from  a  total  supply  of  20V  to  36\/.  When  operating 
with  V- supplies  of- 10V  orless,  Iref<  ImAis  recommended. 
Low  reference  current  operation  decreases  power  consump- 
tion and  increases  negative  compliance,  reference  amplifier 
negative  common-mode  range,  negative  logic  input  range, 
and  negative  logic  threshold  range;  consult  the  various  fig- 
ures for  guidance.  For  example,  operation  at -8V  with  Iref= 
ImA  is  not  recommended  because  negative  ;output  com- 
pJi^uicfeWQUld  be  reduced  totiear  zero.  Operatioaf  ram  lower 
sttppltes  is  possible,  however  at  least  8V  total  musttie  applied 
to  insure  turn-on  of  the  internal  bias  network. 

Symmetrical  supplies  are  not  required,  as  the  DAC-312  is 
quite  insensitive  to  variations  in  supply  voltage.  Battery 
opierati&n  Is  feasible  as  no  gi'ound  connection  Is  required; 
however,  ah''arti#cial  gVouhd  may  be  used  to  insure  logic 
swings,  etc.  remain  between  acceptable  limits. 

TEMPERATURE  PERFORMANCE 

The  nonlinearity  and  monotonicity  specifications  of  the 
DAC-312  are  guaranteed  to  apply  over  the  entire  rated  oper- 
ating temperature  range.  Full-Scale  output  current  drift  is 
tight,  typically  ±10ppm/°C,  with  zero-scale  output  current 
amldiiiftEessentially.  riesligiiMe-eDn^jaretMe'J^SLLSB. 

The  temperature  coefficient  of  the  reference  reslstdr  R14 
should  match  and  track  that  of  the  output  resistor  for  min- 


iiiiuiii  uvBiaii  luii-scaie  afiri.  o^gt^lffft^p}  tne,lJ^W^>¥ 
decrease  approximately  10%al^^^|^|S^°  C  af^g^ea^ 

of  about  15%  is  typical.  '  -     .  -. 

SETTLING  TIME 

The  DAC-312  is  capable  of  extremely  fast  settling  times, 
typically  250ns  at  Iref  =  l  OmA.  Judicious  circuit  design  and 
careful  board  layout  must  be  employed  to  obtain  full  perfor- 
mance potential  during  testing  and  application.  The  logic 
switch  design  enables  propagation  delays  of  only  25ns  for 
each  of  the  12  bits.  Settling  time  to  within  1/2  LSB  of  the  LSB 
is  therefore  25ns,  with  each  progressively  larger  bit  taking 
successively  longer.  The  MSB  settles  in  250ns,  thus  deter- 
mining the  overall  settling  time  of  250ns.  Settling  to  10-bit 
accuracy  requires  about  90  to  130ns.  The  output  capacitance 
of  the  DAC-312  including  the  package  is  approximately  20pF; 
therefore,  the  output  RC  time  constant  dominates  settling 
time  if  Rl  >  500n 

Settling  time  and  propagation  delay  are  relatively  insensitive 
to  logic  input  amplitude  and  rise  and  fall  times,  due  to  the 
high  gain  of  the  logic  switches.  Settling  time  also  remains 
essentially  constant  for  Irep  values  down  to  0.5mA,  with 
gradual  increases  for  lower  Iref  values  lies  in  the  ability  to 
attain  a  given  output  level  with  lower  load  resistors,  thus 
reducing  the  output  RC  time  constant. 

Measurement'ofthesettllng  time  requires  the  ability  to'dccur<s 
rately  resolve  ±1/2  LSB  of  current,  which  is  ±500nAfor4mA' 
FSR..In  order  to  assure  the  measurement  is  of  the  actual 
settlir^a^We  and  not  the  R.C.  time  of  the  putfiut  networKi.the. 
resigtiye'.'^rminatioit  on  thf  output  of  the  DAG  must  be 
5001  otttBsar>l«^ -This  dses,  however,  place  certeun  limita- 
tions on  Wi^'JtBS0n§^ppamus.  At  Iref  values  of  less  than' 
0.5mA,  it  is  difficult  to  prevent  RC  damping  of  the  output  and 
maintain  adequate  sensitivity.  Because  the  DAC-312  has  8 
equal  current  sources  for  the  3  most  significant  bits,  the 
major  carry  occurs  at  the  code  change  of  000111111111  to 
1 1 1000000000.  The  worst  case  settling  time  occurs  at  the  zero 
to  full-scale  transition  and  it  requires  9.2  time  constants  for 
the  DAC  output  to  settle  to  within  ±1/2  LSB  (0.0125%)  of  its 
final  value. 

The  DAC-312  switching  transients  or  "glitches"  are  on  the 
order  of  500mV-ns.  This  is  most  evident  when  switching 
through  the  major  carry  and  rjwf  pe,J)4!f%l^^  retc^^^  jt^y^ 
adding  small  capacitive  loads  at  the  dutp'ut  with  a  rrifnor 
sacrifice  in  transition  speeds. 

Fastest  operation  can  be  obtained  by  using  short  leads,  min- 
imizing output  capacitance  and  load  resistor  values,  and  by 
adequate  bypassing  at  the  supply,  reference,  and  Vlc  termi- 
nals. Supplies  do  not  require  large  electrolytic  bypass  capac- 
itors as  the  supply  current  drain  Is  independent  of  input  logic, 
states;  O.f^F  capacitors  at  the  supply  pins  provide  full  tran-  ^ 
slent  protection. 
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DIFFERENTIAL  vs  INTEGRAL  NONLINEARITY 

Integral  nonllnaarlty,  for  the  purposes  of  the  discussion,  refers  to 
$b9  '^ti^htti^sTtrfttM  111)9  dswn  thtouglithsJndivldualJiBsponse 

toints  of  a  data  converter.  Differential  nonlinearity,  on  the  other 
and,  refers  to  the  deviation  of  the  spacing  of  the  adjacent  points 
{from  a  1  LSgHdaa^epaeinBr  Bath-may  be  ^xpwsped  as  eSher  a 
jpaicerrtage^full-seale  output  or  as  fractional  LSBs  or  both,  TM 
following  figvr«^<c|$ine  tfie  manner  in  whtohtlM^parameters 
mspa^fi8(i.Tfieli^f^shoW^ipoiflaMfthit«an8farcun/4 
bf  a  DAC  with  1/2  L^1NL«td  the  (Implied)  DNLispec of  1 LSB. 
Below  this  Is  a  graphic  representation  of  the  way  this  vipuld  aF^ 
pear  on  a  CRT,  for  example,  if  the  D/A  converter  outpili  were  to 
be  applied  to  the  Y  input  of  a  CRT  as  shown  In  the  application 
schematic  titled  "CRT  Display  Drive.' On  the  right  is  a  portion  of 
the  transfer  curve  of  a  DAC  specified  for  2  LSB INL  with.  1/2  LSB 
IJNLspecifiedand'thegraphicdisplaybe^iL  ~j  ,. , 


6f)4jdf  tlili'eftwieteif^cs  of  an  R-2R  DAC  in  standard  form  is 
that  i^y  transition  wliich  causes  azeio  LSB  change  (i.e. ,  the  same 
otitpuHelr  two  different  codes)  win  exhibit  the  same  output  each 
time  tliat  transition  occurs.  The  same  holds  true  for  transitions 
daasKfE^a!2$^change.^7h0se  twopttdblem  transitions  are  al^ 
lowablBferthBtefimdwdaennltlon  of  monotonioity  antfaleo  allow 
tliB'diMObio'tovpedRedwery  tightlyfor  ML  The  majot'ptobtem 
arising  from  this  error  type  is  in  A/D  converter  implementations. 
Inputs  producing  the  same  output  are  now  represented  by  am- 
biguousoutput  codes  for  an  identical  input.  Also,  2  LSB  gaps  can 
cause  large  errors  at  those  input  levels  (assuming  1/2  LSB 
quantizing  levels).  It  can  be  seen  from  the  two  figures  that  the 
DNL  specified  D/A  converter  will  yield  much  finer  grained  data 
than  the  IN  Lspecif  ied  part,  thus  improving  the  £U)ility  of  the  AJD  to 
rssolM  eliailgin  in  the  vwiog  Input 
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D/A  CONVERTER  WITH 
±1/2  LSB  INL,  ±1  LSB  DNL 


D/A  CONVERTER  WITH 
"±2  LSB  INL,  ±1/2  LSB  DNL 
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OF  12-BIT  DAC. 
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EMLARQEDl  "ROSITIONAL"  OUTPUTS 


DmrrAL-TO-ANALOG  CONVERTERS  2-963 


INiC-312 


DESCRIPTION  OF  OPERATION 

The  DAC-312  is  divided  into  two  major  sections,  an  8- 
segment  generator.and  a  9;bi^t  master/slave  D/A  Converter. 
In  operation  the  de3?lcerpprf6r)ns,8^ fplffi 
Schematic): 

Tihe  three  most  significant  bits  ( MSB's)  are  inputs  to  a  3-to-8 
line  decoder.  The  selected  resistor  (R5  In  the  figure)  is  con- 
nected to  the  master/slave  9-bit  D/A  Converter.  All  lower 
order  resistors  (R1  through  R4)  are  summed  into  the  Iq  line, 
while  all_higher  order  resistors  (R6  through  R8)  are  summed 
into  the  Iq  line.  The  R5  current  supplies  512  steps  of  current 
(0  to  0.499mA  for  a  1mA  reference  current)  which  are  also 
summed  into  the  I  o  or  Tq  lines  depending  on  the  bits  selected. 
Inthe  figure,  the  code  selected  is:  100  110000000.  Therefore, 
2mA  ( 4  X  0.5m A/segment )  +0.375mA  ( from  master/slave  D/A 
Converter)  are  summed  into  Iq  giving  an  Iq  of  2.375mA.  Tq 
has  a  current  of  1 .625mA  with  this  code.  As  the  three  MSB's 
are  incremented,  each  successively  higher  code  adds  0.5mA 
to  Iq  and  subtracts  0.5mA from  Iq,  with  the  selected  resistor 
feeding  its  current  to  the  master/slave  D/A  Converter;  thus 
each  increment  of  the  3  MSB's  allows  the  current  inthe  9-bit 
D/A  Converter  to  be  added  to  a  pedestal  consisting  of  the 
sum  of  all  lower  order  currents  from  the  segment  generator. 
iThis  configuration  guaran^eim  moaotoaif^^^  


EXPANDED  TRANSFER  QHARACTERISTIC 
SEGIHENT  (001  010  Oil)  ' 
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3  TO  B  LINE  DECODER 
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DAC-312 


12-BIT  FAST  A/D  CONVERTER 


+1SV  Vref 

9  9 


DAC-312 

COMP 


O.0VF 


V    V  V 


1»F 


HhHHHhf 

VH  V 


1,F 


vw 


CONVERSION  TIME  n  ACCURACY 


5S 


1  0.76 


V 


1l)0  2003aO4WEl»raO7nilHO 

CONVERSION  TIME  PER  TRIAL  (ns) 


NOTE: 

DEVKEia  CONMECTS)  TO  ANALOe  IHniT  Wnr  K  CATABLE  OF  SOURCmO  UnA. 
AaWnPI  Iw.  BUF-M  HUY  EE  BEOUIREa 


CONVERSION 
TIME  (m) 

TYP 

WORST 
CASE 

EAR 
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ANALOG 
DEVICES 


CMOS  12-Brt  Multiplying 
D/A  Converter  "With  Memoiy" 


DAC-8012 


FEATURES 

•  Data  Readback  Capability  for  System  Self  Clieck 

•  Fast  TTLVCMOS  Compatible  Data  Register 

•  ±1/2  LSB  Max  Linearity  Error  Over  the  Full  Operating 
MiiTemperature  Range 

V  ±1  LSB  Max  Gain  Error  —  No  User  Adjustment  Required 

•  Less  Ttian  0.04  LSB  Max  Zero  Scale  Error  (10nA) 

•  Single +5V  to +15V  Supply  .^v 

•  Small  2t-Pin  OJT  WMe  DIP 
^-"imprawtfitSBvfleririMiM-' '  V  . 

I'WBlti'lIp  rtrtlilMtf""^'" " 

•  Available  in  Die  Form 

Ttie  DAC-8012  Is  a  monolithic  12-bit  CMOS  multiplying  DAC 
with  internal  data  latches  and  three-state  data  readback  buffers. 
The  latches  and.  readback  buffers  perform  like  a  "memory" 
location.  Data  loads  into  the  latches  as  a  single  12-bit  wide  word 
allowing  direct  connection  to  12-bit  and  16-bit  busses. 

Four-quadrant  multiplying  capability  and  12-blt  linear-ity  simpli- 
fies wide-bandwidth,  low-distortion,  digitally-controlled  preci- 
sion attenuator  and  filter  applications. 

T^e  powerful  data  readback  function  allows  users  to  perform 
data  path  verification  between  the  controlling  processor  and 
'9tB  Dm>8fP12.  System  self  c^eck  fesui|^  after  writing  a  data 
ward  to  th$r  DAC-8OI2,  then  reading  it  l^k  to  the  processor, 
verlfylfig  no  change  in  data  takes  plaee.  The  readback  function 
simplifies  the  design  of  automatic  test  equipment,  industrial 
atitom^ioe,  robotics,  and  processor-controlled  instrumenta- 
tion. Reduction  of  software  coding  results  with  processors 
using  direct  memory  «MGution  instructions.  In  remote  sys- 
t^s,  data'sM-points  are  held  in  the  DAC  register  which  can  be 
*  1  upon  system  fault  recovery: 


^§PERING  (NFOFIMATION  ^ 


PACKAGE:  20-PIN 


MAXIMUM        MILITARY*         EXTENDED  COMMERCIAL 
GAIN  ERROR  TEII|PERATURE    INDUSTRIAL  TEMPERATURE 
RELATIVE    Tj  =  +2S«     "^SSTStD      TGI^EtUTURE  Vttb 
ACCURACY    Vop  =  +5V  +125»C         -40*Cto+Sff«  +7#C 


±1/2  LSB 
±1  LSB 
±1t.SB 
si  LSB 


±1  LSB 
±3  LSB 


DAC8012AH        DAC8012ER  DAC8012GP 

DAC8012BR        OAC8012FR  DAC8012HP 

OAC8(n2FP  •'    '  - 

DAC8012FPC 


For  dmiora  processed  in  total  compliance  10  MIL-STD483,  add /883  after  part 
number.  Consult  ^ory  for  883  data  sheeL 

Burn-in  is  avaitabte  on  commercial  and  industrial  temperature  range  parts  in 
CerDIP,  plastic  DIP,  and  TO-can  packages. 

For  availability  and  burn-in  information  on  SO  and  PLCC  packages,  contact 
yourlocal sales bflica.  •.  'C-      '  . 


PIN  CONNECTIONS 


OUTt  [T 

«FB 

AGND  tX 

DGND  (T 

(MSB)  DBI1  [T 

m  RD/WB 

DB10  (T 

m  5s 

DB9  |T 

T|]  DBOfLS) 

DBS  |T 

III  DBl 

DB7  |T 

la]  0B2 

DBS  |T 

1j]  083 

DBS  [w 

n]  064 

20-PIN  EPOXY  DIP 
(P-Sufflx) 

20-PIN  HERMETIC  DIP 

(R-Suffix) 


O  O  •- 

Z    Z     I-  a 

?  g  =  _!  . 


20-LEAD  PLCC 
(PC-%|ffix) 


UJlillill-IWS 

7]  |W  RtfWR 

3  I»  OMtuai 

3  [m  DBl 

fiirararaisp 
IS  ill 


FemcnONAL  DIMSftAM 


I 


3J: 


-OOUT  1 
-OAGND 


»9l 


MW.A 


DIGiTM-mrANALOG  CONVERTERS  2-967 


ABSOLUTE  MAXIMUM  RATINGS  k.  ' 

(T^  = +25°C,  unless  otherwise-noted;)     -  - 

Vpijto  DGND    -0.3V,  +17V 

OigitsU  InpiM/oHBgetoDGND  -0.3V,  V^^ 

AGNOto  OQNO  ......:...r..T:  -0.3,  V 

V„pB,  Vpgp  to  DGND  U.i.v...'i...   *2SV 

v,„ ,  to  DGND  ^.3V.  v^^ 

Operating  Temperature  Range 

Military  (AR,  BR)  Grades  -55°C  to  +125'C 

In^lustrial  (iB„l=^^t!^C)  .<^|^es  ...-^,-40"'C  tp 

Commercial  (GP,  HP)  Grades   '€°C  ta+TO°C 

Junction  Temperature      +150°C 

Storage  Temperature   -65°C  to  +1 50°C 

Lead  Tei^peratura^lppldering,  60  sec)  J,,.-^.  +3Q0°C 


PACKAGE  TYPE 

0,»(Note1) 

«ie 

UNITS 

20-Pln  Hermetic  DIP  (R) 

78 

11 

X/W 

20-PlnPlaaticOIP(P) 

89 

27 

•c/w 

20-Contaiit.PLGC^*C) 

 33 

"C/W 

is  specified  for  device 
specified  for  device  soldered  to 


NOTE: 

1.        is  flpMfflad  for  worst  case  mounting  conditions, 

inMcketlbr'CeiOIPand  P-DIP  padoges; 

pf Inlsd  droutt buwIlte'CO pMlwiBft 
CAUnON:        OUu-  L  -  '"^  ' 

1 .  Stresses  above  ttiose  Ifstsd  under  'Absolute  Ma»mum  Ratings '  may  cause 
permanent  damagQito  the  device.  This  is  a  stress  rating  only  and  functional 
operation  at  or  above  this  specification  is  not  implied.  Exposure  to  above 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 

2.  Do  not  apply  voltages  higher  than  ^  or  less  than  GND  potentid  on  any  ter- 
minal except  V^^p. 

3.  The  digltid  inputs  are  zener  protected,  however,  permanent  damage  may 
occur  on  unprotected  units  from  high-energy  elecdirestafic  fields.  Keep  units  in 
conducthw  foamjal  aB  Itrnf^fS^fBa^lgi  m9«^  UsQ^pipp^r  antistatic  handHijo 

procedures. 

4.  Remove  power  before  inserting  or  removing  units  from  their 


ELECTRICALCHARACTERISTICSatV„„  =  +5Vor+l5V,V„„  =  +10V.V^.,^,  =  0V.AGND  =  DGND  =  0V.T^=:-55''Cto+125»C 
apply  for  DAC-801 2AR/BR, 
unless  otherwise  noted. 


=  -40'C  to  +85^C«pply  for  DAC-801 2ER/FR/FP/FPC.  T  =  O'C  to  +70'*C  apply  for  DAC-801 2GP/HP. 


MRAMETER  .   

SYMBOL 

CONDITIONS 

DAC-8012A/E/G 
MIN         TYP  MAX 

DAC-8012B/F/H 
MIN         TYP  MAX 

UNITS 

STATIC  ACCUlMey 

Resolution 

12            —  — 

12  — 

Bits 

Relative  , 
Accuracy 

INL 

Ta=  Full  Temp.  Range  ^ 

.71.  Ui  ±"2 

LSB 

Differential  - .  .ir^-OS  ^ 
Nonlinearl***'"''"**'')  DNL 
(Note  1) 

Full  Temp.  Range 

i.;iQj'?a  I'l  ii  i-.i-     -^f'  ■ 

nr.-        .                    ]M  T 

,       ■  ■■e,.,^  ,  -.  ^  ■  y  -  • 

n.t.-r?:^.- 

±'t"' 

-T»|l  ;j 

'  'j-LSg' 
■RM    :  •  . 

Gain  Error 
(Notes  2.  3) 

GfSE 

T,  =  +25°C 

T^  =  Full  Temp.  Range 

—              —  ±1 
'  —            —  ±2 

MP  cr_rv9rB  .S105  . 

— -.iJcte3  mri  — 

+3' 
±4 

,!.<■■  ,j 
.1  USB.v 

Gain  Temperature 
Coefficient 
AGain/ATemperature 
(Notes  4,  5) 

TCGfs 

1 

-  —■■^    ■  ■—  ±S' 

■on,'?     ■■')■ ,. 

1^1' 

DC  Supply  Rejection 
AGain/AVQQ  (Note  4) 

PSR 

Ta  =  +25°C 

Tft  =  Full  Temp.  Range 

=  ±5%)   -           -  ° 

'   —            —  0.004 

0.002 
0.004 

%/% 

Ta  =  +25°C,  RD/WR  =  Df"= 
All  Digital  Inputs  =  OV 

OV, 

■        —           -  10 

Output  Leakage 
CurifntatOyTI 

10 

Tjk=F«lLTeiDe..8inflS  

•  i'G 

A/B  \tersions 
_  eff/G/HJAfnpns 

—  —  200 

—    25 

200 
2S 

DYNAMIC  PERFORMANCE 

Propagation  Delay 
(Notes  4,  6,  &  7) 

tpD 

Ta=+25°C 

(OUT  1  Load  =  100!1,  Cext  = 

13pF) 

300 

ns 

Current  Settling  Time 
(Notes  4, 7) 

t. 

T^  =  Fuii  Temp.  Range 
(To  1/2  LSB) 
'out  I  Load  =  lOOn 

—            —  1 

1 

/IS 

Glitch  Energy 
(Note  4) 

Q 

1 

T4=+25°C 

Ta=  Fuii  Temp.  Range 

yBEF  =  A<3ND 

—  .    ^  400 

—  —  500 

400 
500 

nVs 

AC  Feedtfirough 

at  louT  1 

(Noto  4) 

FT 

T^  =  Full  Temp.  Range 
V„Ef  =  +10V,f=10l(Hz 

-            -  5 

5 

mVp.p  1 

REFERENCE  INPUT 

Input  Resistance 

Ta=  Full  Temp.  Range 

-     7            11  15 

7  Tl 

(Pin  19  to  GND) 

Input  Resistance 

15- 

kn 

 DAC-8012 

ELECTRICALCff  ARACTERISTICS  at  Vq,,  =  +5V,  Vp^F  =  +1 OV,  Vqu^  ,  =  OV,  AGND  =  DGND  =  OV,  =  -55°C  to  +1 25°C  apply 
for  DAC-801 2AR/BR,  = -40"C  to  +85'"C  apply  for  DAC-801 2ER/FR/FP/FPC,  =  0°C  to  +70''C  apply  for  DAC-801 2GP/HP,,linless 
ottt€irwlse  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

OAC-8012A/E/G 
MIN         TYP  MAX 

DAC-8012B/F/H 
MIN         TYP  MAX 

UNITS 

iiiliMjOfiOininiTS  - 

Output  Capacitance 
(Note  4) 
Court 

COUT 

VDD=+5Vor+15V 
Tft  =  Full  Temp.  Range 
DB0-DB11  =  OV.  RD/WR  =  DS  = 
0B0-0B11  =  Vdd.  RD/WR  =  OS 

OV  — 
=  0V  — 

—  70 

—  150 

—  70 

—  150 

PF 

DldttTAL  INPUTS  - 

Input  High  Voltage 
Input  Low  Voltage 

V|NH 
ViML 

Tj  =  Full  Temp.  Range 

2.4 

—  0.8 

2.4 

—  0.8 

-  V 

Input  Current 

>1N 

T,v=+25'"C 

T^5=  Full  Temp.  Range 

—  1 

—  10 

—  1 

—  10 

CA 

Input  Capacitance 
BB0-DB11 
RD/WR.  DS 
(Note  4) 

C|N 

Tf^  =  Full  Temp.  Range 

-  12 

-  6 

—  12 

—  6 

PF 

DtCUTAL  OUTPUTS 

Output  High  VDltage 

Vqh 

lo=400;iA 

4.0 

—         ,  — 

4.0 

_   

V 

Output  Low  Voltage 

Vol 

lo  = -1.6mA 

- 

—         ^  0.4 

- 

—  0.4 

Three-State  Output 
Leakage  Ciurrent 

—  10 

—  10 

|iA 

sirTCHIN6«tMiMCTERISTIC8 

iNMe  8)  _  ■ 

1^tstopaia«tn?be 
SttupTtme 

—  •wso 

(101 

Ta=+Z5°C 

Full  Temp.  Range 

0  ' 
0 

0 
0 

ns 

Data  Strotw  to 
Wirite  Hdd  Time 

Ta=+25»C 

Ta  =  Full  Temp.  Range 

0 
0 

0 
0 

ns 

Read  to  Data  Strobe 
Setup  Time 

*nsu 

T;v=+25°C 

Ta-  Full  Temp.  Range 

0 
0 

0 
0 

ns 

Data  Strobe  to 
Read  Hold  Time 

Ta=+25°C 

T;^=  Full  Temp.  Range 

0 
0 

0 
0 

ns 

W^te  Mode  Data  Strobe 

mm 

*WRS 

Ta=+26°C 

Ta  =  Full  Temp.  Range 

180 
250 

ISO 
250 

ns 

Read  Mode  strobe 

Width 

'rds 

Ta!=+25''C 

T/^  =  Full  Temp.  Range 

220 
290 

220 
290 

ns 

Data  Setup  Time 

'dsu 

Tj  =  +25°C 

Tft  =  Full  Temp.  Range 

210 
250 

210 
250 

.ns 

Data  Hold  Time 

'dh 

Ta  =  +26''C 

Ta  =  Full  Temp.  Range 

0 
0 

0 
0 

.ns 

Data  Strobe  to 
Data  Valid  Time 
(Notes  4,  9) 

too 

-  TA=Full^mp. -Range 

.,.v"'l..--.l  ,.. 

■ —    _  400 

—  300 

—  400 

Output  Active  Time 
from  Deselection 
(Notes  4,  9) 

'OTD 

Ta  =  +2S''C 

Ta  =  Full  Temp.  Range 

—  215 

—  375 

—  215 

—  376 

ns 

POWER  SUPPLY 

at  n  'lU-i-  ra  iiam:  j-"i-niv — ,  

Supply  Current 

■OD 

!T«^lltilft;i%fAp.  Range'' 

(Ad  Digital  Inputs  V,nl^  or  Vi^h) 

—  2 

—  2 

mA 

'do 

Ta  =  Full  Temp.  Range 

(All  Digital  Inputs  OV  or  Vpo) 

10  100 

10  100 

(■A 

REV;  A 
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DAC-8012 

ELECTRICA 

for  DA&^12AR/BRsT.  =  -40°Cio  +85';C  as^iy  Iqr  DAC-Cifil  2ER/FR/FP/FiJC,    = 0°C  tp  fJO'C  apply  for  pAC-801 2GP/HP,  unless 


,  ELECTRICAL  CHARACTERISTICS  at      =  ±1 5V,  V^^^  =  +1 OV ,_yoyT^,  =  OV,  AGND  =  DGND  =  OV,  T^_=  -55°C  to +1  aSX  apply 


RARAMETER 

SYMBOL 

CONDITIONS 

DAC-8012A/E/G 

MIN         TYP  MAX 

DAC-8012B/F/H 

MIN         TYP         MAX  UNITS 

DIGITAL  INPUTS 

Jnpuf  High  Voltage 
Input  Low  Vbltage 

V|NL 

Ta=  Full  Temp.  Range 

13.S 
— 

—  1.6 

13.5 
— 

—    c   :  -IS  i  0'  iW 

Input  Current 

l|N 

Ta  =  +2S°C 

Ta=  Full  Temp.  Range 

—  ■ 

■  —  I 
— »  ipr 

— 

1  . 

10 

Input  Capacitance 
DB0-DB11 
RD/WH,DS 
(Note  4) 

Ta  =  Full  Temp.  Range 

- 

—  12 

-  10 

— 
- 

10 

DIGITAL  OUTPUTS 

Output  High  Voltage 

Vqh 

Iq^  3mA 

13.5 



13.5 

_            _  V 

Output  Low  Voltage 

Vol 

\q  =  -3mA 

—  1.5 

—           1.5  V 

Three-State  Output 
Leakage  Current 



—  10 



—            10  (lA 

SWITCHING  CHARACTERISTICS 

(Notes)                   -                   -  - 

See  Timing  Diagram 

Write  to  Data  Strobe  - 
Setup  Time 

twsu 

Tfi^  =  Full  Temp.  Range 

0 
0 

- 

0 
0 

ns 

Data  Strobe  to 

'Wh 

T;^  —  +25°C 

0 

0 

Write  Hold  Time 

T/^  —  Full  Temp.  Range 

0 

0 

Read  to  Data  Strobe 
Setup  Time 

*RSU 

Ta  =  +2S"C 

Ta  =  Full  Temp.  Range 

0 

0 

-  - 

0 

ns 

Data  Strobe  to 

*RH 

Ta=+25''C 

0 

0 

Read  Hold  Time 

Ta  =  Full  Temp.  Range 

0 

0 

ns 

Write  Mode  Data  Strobe 
Width 

'wns 

Ta  =  +25°C 

T/^  =  Full  Temp.  Range 

100  '' 
120 

T 

100 
120 

'  ns 

Read  Mode  Data  Strobe 

'ros 

Ta  =  +25"C 

110 

110 

Width 

Ta=  Full  Temp.  Range 

150 

- 

ISO 

 ~  ns 

—      »<l<;  — 

Data  Setup  Time 

ipsu 

Ta  =  +25°C 

Ta  =  Full  Temp.  Range 

90 
120 

—  — 

 O""!* — 

SO 
120 

ns 

Data  Hold  Time 

*DH 

^A=  +25°C 

0 

0 

Ta.=  Full  l^mp.  Range 

0 

0 

ns 

Data  Strobe  tB 
Output  Wild  Time 
(Note  9) 

toe 

Ta  =  +25°C 

Ta=  Full  Temp.  Range 

—  180 

—  220 

—  180 
220 

Output  Active  Time 
for  Deselection 
(Notes) 

'OTD 

Ta=+25°C 

Ta  =  Full  Temp.  Range 

—  180 

—  250 

—  180 
250 

POWER  SUPPLY 

T. 

i'^  .imji  ■    "1  / 

'dd 

Ta  =  Full  Temp.  Range 

(All  Digital  Inputs  V,^^  or  V|nm) 

—      >  2 

—            2  mA 

Supply  Current 

'StJ 

T,=  Full  Temp.  Range 

(All  Digital  Inputs  OV  or  Voq) 

10           100  (iA 

10  100 

NOTES: 

1.  12-bit  monotonia  over  full  temperature  range.   

2.  Includes  the  effects  of  5ppm  max.  gain  T.C. 

3.  Using  internal  Rpe-  DAC  register  loaded  with-1111  1141  l^tlv^^  wsM^ifr 
adjustable  using  the  circuits  of  Figures  4  and  S. 

4.  GUARANTEED  but  NOT  TESTED. 

S:  Typical  value  is  2ppm/°e  for  Vol)  =  +SN*~ 


6.  From  digital  input  change  to  90%  of  final  analog  output. 

7.  All  digital  inputs  =  OV  to  Vod.  or  Vqd  to  OV. 

8.  Sample  tBsMdat-l-SS'C  taensure  coir 

9.  Saalomj  ctvtailti^forav^ohlno  tests. 


SEVi^A 


DAC-8in2" 


DICE  CHARACTERISTICS 


WAFER  TEST  LIMITS  at  Vdd  =  +5V  or  +15V,  Vref=  +10V,  Vquti  =  0V,  AGND  =  DGND  =  OV,  Ta  =  25°C,  unless  otherwise  noted. 


DAC-8012G 

"      :'SVMBOC'--'  ■ 

CONDITIONS                                            .  ' 

,        .  LIMIT 

UNITS 

Relative  Accuracy 

INL 

Endpoint  Linearity  Error 

±1/2 

LSBMAX  ' 

Differential  Nonlinearity 

DNL 

±1 

LSB  MAX 

Gain  Error 

DAG  Latches  Loaded  with  1111  1111  1111 

i» 

ts**tAx  •: 

Output  Leakage 

.OACl  Latches  Loaded  with  0000  0000  0000 
*ad1  -  1" 

■1)  .-'IT 

F^— — — 

1  Input  Resistance 

Pad  18 

6/15 

khlMIN/ 
k!l  MAk 

Output  Higti  Voltage 

VoH 

Vdd  =  5V,  Io  =  400M 

4.0 

V  MIN 

Output  Low  Voltage 

V[,D  =  5V,  lo  = -1.6mA 

0.4 

VMAX 

Digital  Input 
Higti 

>  —  .J. 

1  .t 

Vdd  =  5V 

Vpp=15V    '        ~i  . 

-  2.4- 
13.5 

VMIN  .  , 

jagital  Input 

-  ! 

0.8 

V  MAX-  ■ 

1  Low 

■  v|^i]isv  ; 

1.5 

1  Input  Curren 

V,t,=  OVorVoD 

±1 

^  '  '  ^MAX 

1 

ISupply  Current  .v 

 >!J-:   

All  Digital  Inputs  Vh^l  or  V|nh 
All  Digital  Inputs  OV  or  Vqq 

2 
0.1 

mAM/U< 

1  DC  Supply  Rejection 
(AGainMVoo) 



PSRR 

V6g  =  ±S% 

0.004 

 rr^  

vtm  WAX  ■ 

NOTE: 


Electrical  tests  are  performed  ^t  wafer  probe  to  the  limi^  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not- 
guaranteed  for  standard  product  diee.Corisult  factory  to  negotiate  speetfications  based  on  dice  lot  qualification  through  sahipW  lot  assembly  and  testing.  ' 


TYPICALELECTRICALCHARACTERISTICSatVDD=+5Vor+15V,VREFf +10V^  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

DAC-8012G 
TYPICAL 

UNITS 

Digital  Input  Capacitance 

12 

PF 

Outptit  Capacitance 

Coirri 

DAC  Latches  Loaded  with  0000  0000  0000 

70 

PF 

DAC  Latches  Loaded  with  1111  1111  1111 

150 

pF 

Propagation  Delay 

«P0 

Vno=15V 
VoD=6V 

300 

ns 
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FOR  DATA  OOlNa  HIGH 
TO  DATA  BIT 


1- 


FOR  LOW  DUTA  OOINS  HIQH-Z* 
TO  DATA  BIT 


10pf'~^31cQ 
Vdd 


FOR  DATA  GOING  LOW 


VOD 
?3I(0 


FOR  HIGH  DATA  GOtNQ  HIGH-Z* 
TO  DATA  BIT - 


TO  DATA  BIT-*—* 


tOODF 


V 


•TO  5%  OUTPUT  CHANGE 


RARAMETER  DEFINITIONS 
RELATIVE  ACCURACY 

Sometimes  referred  to  as  endpoint  nonlinearity,  and  is  a 
measure  of  the  maximum  deviation  from  a  straight  line  passing 
through  the  endpoints  of  the  DAC  transfer  function.  Relative 
Accuracy  is  measured  after  the  zero  and  full-scale  points  have 
been  adjusted,  and  is  normally  expressed  in  LSB  or  as  a 
percentage  of  tulf-seaie.    —  ~ 

DIFFERENTIAL  NONLINEARITY 

This  is  the  difference  between  the  measured  change  and  the 
idcial  change  between  any  two  adjacent  codes.  A  differential 
nonlinearity  of  ±1  LSB  maximum  over  the  full  operating 
temperature  range  will  ensure  that  a  device  is  monotonic  (the 
output  will  not  decrease  for  an  increase  in  digital  code  applied). 

GAIN  ERROR 

Gain  or  full  scale  error  is  the  amount  of  output  error  between 
the  ideal  output  and  the  actual  output.  The  ideal  output  is  Vpigp 
minus  1  LSB.  ThegaiTiBrFortsad|u^bleto^r0'iisrng«xterrral 
resistance.  ' 

OUTPUT  CAiaACITANCE 

The  capacitance  from  OUti  to  AGND. 

PROPAGATION  DELAY 

This  is  measured  from  the  digital  input  change  to  the  analog 
output  current  reaching  90%  of  its  final  value.  — 

FEEDTHROUGH  GLITCH  ENERGY 

This  is  a  measure  of  the  amount  of  charge  injected  to  the  analog 
output  from  the  digital  inputs,  when  the  digital  inputs  change 
states.  It  is  the  area  of  the  glitch  and  is  specified  in  nVsec;  it  is 
m§asured  wiffi  Vref  ^"''^ND. 


D/A  CONVERTER  SECTION 

Figure  1  shows  a  simplified  circuit  of  the  D/A  Converter  section 
of  the  DAC-8012,  and  Figure  2  gives  an  approximate  equivalent 
switch  circuit.  R  is  typically  llkn. 

The  binary-weighted  currents  are  switched  between  OUT  1  and 
AGND  by  N-channel  switches,  thus  maintaining  a  constant 
current  in  each  ladder  leg  independent  of  tMswitch  state. 

The  capacitance  at  the  OUT  1  terminal,  Cqut  i.  is  code 
dependent  and  varies  from  70pF  (all  switches  to  AGND)  to 
150pF  (all  switches  to  OUT  1).  One  of  the  current  switches  is^ 
shown  in  Figure  2.  ! 

The  input  resistance  at  Vref  (Figure  1)  is  al\yays  equal  to  Rldr 
(Rldr  is  tlie  R/2R  ladder  characteristics  resistance  and  is  equal 
to  value  "R").  Since  the  input  resistance  at  the  Vref  pih  is 
constant,  the  reference  terminal  can  be  driven  by  a  reference 
voltage  or  a  reference  current,  ac  or  dc,  of  positive  or  negative 
polarity.  (If  a  current  source  is  used,  a  low-temperature- 
coefficient  external  Rpg  is  recommended  to  define  scale  factor) 

The  internal  feedbacl<  resistor  (Rfb)  has  a  normally  closed 
switch  in  series  as  shown  in  Figure  1.  This  switch  improves 
performance  over  temperature  and  power  supply  rejection; 
however,  when  thesircuit  is  iiMliiK^^^MWitaiS^ 
an  open  state.  , 


BURN4MetRC!tliT 


OUTI 
Aqno 

D11  (MSB) 
010 

D9  (ta 


Rfb 
Vref 
Vdd 
WR 


WR   1 

m  ^ 


-AVir- 


R2 

-AW- 


1  - 


DATA 
VALID 


°1 

"\3-STATE 


NOTES; 

%^  =  +1SV;lr  =  l|  =  40ns 
«U.  INPUT  nSNAt  RISE  AND 
HOXTIIKS  MEASURED  FROM 

imToamoFVog 

TIMINS  MEASUREMENT  REFERENCE  LEVEL 

ViH  +  ViL 


IS 


FIGURE  1:  Simpafled  D/A  Citcult  oU»C-«m2 


FIGURE  3:  D^jp^tlnput/iCiulpiit  Structure 


FIGURE  2:  N-Chmiiel  Current  Steering  Switch 


FROM  * 
INTERFACE 
LOGIC 


AQNO         (HiT  1 


P 


I  DieimL  SECTION 

j  Figure  3  shows  the  digital  I/O  structure  for  one  bit.  When  the 
j  date  strobe  (DS)  and  the  RD/WR  lines  are  held  low,  data  at  the 
'  digital  input  is  fed  through  the  input  buffers  and  the  data  latches 
which  control  the  DAC  current  output  switches  are  transparent. 
Data  is  latched  when  either  DS  or  RD/WR  go  high.  When  the  data 
strobe  DS  is  held  low  and  the  RD/WR  line  is  held  high,  the 
three-state  buffer  becomes  active  and  the  data  from  the  latches  is 


'OUTPUT  *   ■       -j  '' 


fed  through  the  three-state  buffers  to  the  digital  input/output 
lines.  This  is  l<nown  as  the  Read  Cycle,  or  data  readback. 

The  input  buffers  are  simple  CMOS  inverters  designed  such 
that  when  the  DAC-8012  is  operated  with  Vqd  =  +5V,  the  buffers 
convert  TTL  input  levels  {2A\I  and  0.8V)  into  CMOS  logic  levels. 
When  the  digital  input  is  in  the  region  of  1.0V  to  3.0V,  the  input 
buffers  operate  in  their  linear  region  and  draw  current  from 
the  power  supply.  To  minimize  power  supply  currents,  it  is 
recommended  that  the  digital  input  voltages  be  as  close  to  the 
supply  rails  (Vdd  and  Dqmd)  as  is  practically  possible.  The 
DAC-8012  may  be  operated  with  any  supply  voltage  in  the  range 
5V  <Vdd  With  VoD  =+l5V,  the  input  logic  levelsareCMOS 
compatible  only,  i.e.,  1.5V  and  13.5V. 

The  three-state  output  buffers,  in  the  active  mode,  provide  TTL- 
compatible  digital  outputs  with  a  fan-out  of  one  TTL  load  when 
the  DAC-8012  is  operated  with  +5V  power  supply  When 
powered  from  +15V,  the  output  buffers  provide  output  logic 
levels  of  1.5V  and  13.5V.  Three-state  output  leakage  is  typically 
lOnA. 
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hGURE  4r Unipei^BlharytSperafion 


TABLE  I:  Recommended  Trim  Resistor  Value  vs.  Grades 


BASIC  APPLICATIONS 

Figures  4-and  5  sliow  simple  unipolar  and  bipolar  circuits  using 
the  DAC-8012.  Resistor  R1  is  used  to  trim  for  full  scale.  The 
following  versions:  DAC-8012AR,  DAC-8012ER,  DAC-8012GP, 
have  a  guaranteed  maximum  gain  error  of  dblljlBirt  -''ZS.tC.and 
Vqo  =  '''5V,  and  In  many  applications  the  gain  trim  resistors  are 
not  required.  Capacitor  CI  provides  phase  compensation  and 
helps  prevent  overslnoot  and  ringing  when  using  high  speed  op 
amps.  The  circuits  of  Figures  4  and  5  have  constant  input 
impedmcpi^iiji^iJil^  terminal. 

The  circuit  of  Figure  4  can  either  be  used  as  a  filled  reference 
D/A  converter  so  tKat  it  provides  an  atiato^output  voltage  in  the 
range  0  to  -V|n  (the  inversion  is  introduced^'ito  op  amp);  or 
V|N  can  be  an  ac  signal  In  which  case  the  circuit  behaves  as  ari 
'  attenuator  (2-Quadrant  Multiplier).  Vim  can  be  any  voltage  in  the 
range  -20V  <  V|n  <+20V  (provided  the  op  amp  can  handlesuc^ 
voltages)  since  Vr^p  is  permitted  to  exceed  Vqd.  Table  II  show^ 
the  code^elationship  for  the  circuit  of  |!igur«^4, —  - 

Figure  5  and  Table  III  illustrate  the  recommended  circuit  and 
code  relationship  for  bipolar  operation.  The  D/A  function  itself 
uses  offset  binary  code,  and  inverter  on  the  MSB  line, 
converts  2's^;omplem6int  input  code  to  offset  binary  code.  The 
Irtverter  Ui  may  be  omitted  if  the  Inversion  is  done  in  software, 
using  an  exclusive  OR  instruction. 

R3,  R4and  R5  must  match  within  0.01%  and  should  be  the  same 
type  of  resistors  (preferably  wire-wound  or  metal  foil),  so  that 
their  temperature  coefficients  match.  Mismatch  of  R3  value  to 
R4  causes  both  offset  and  full  scale  error.  Mismatch  of  R5  to  R4 
and  R3  causes  full  scale  error 

tiGURE  5:  Bipolar  Operation  (2's  Complement  Code) 


TRIM 
RESISTOR 

HP/FR/BR  GP/ER/AR 

R1 

looa  2on 

R2 

330  6.80 

TABLE  II:  Unipolar  Binary  Code  Table  for  Circuit  of  Figure  4 

BINARY  NUMBER  IN 
DAG  REGISTER 

ANALOG  OUTPUT 

1111  1111 

1111 

"^"^    i  4096  ) 

1000  oooo 

0000 

/  2048  \ 

OOOO  0000 

0  0  0  1 

"^""'■(4096  ) 

oboo  booo 

0  0  0  0 

0  Volts  n 

h       n  n 

TABLE  III:  2's  Complement  Code  Table  for  Circuit  of  Figure  5 

DATA  INPUT 

ANALOG  OUTPUT 

0  111  1111 

1111 

0000  oooo; 

0001 

0  000     000  0 

0  0  0  0 

OVtolts 

1111  1111 

1111 

(20k) 

10  0  0     0  0  0  0 

0000 

"^"^    (  2048  j 

1 

1  ^ 

]^ 
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APPLICATIONS  HINTS 

Output  CMmI:  CMOS  D/A  converters  exhibit  a  code-dependent 
output  resistance  that  causm  a  code-dependent  error  voltage 
at  the  output  of  the  amplffier.  The  maximum  amplitude  of  this 
offset,  which  adds  to  tfie  D/A  converter  nonlinearity,  is  0.67  Vqs 
where  Vqs  is  the  amplifier  input-offset  voltage.  To  maintain 
monotonic  operation,  it  is  recommended  that  Vqs  be  no  greater 
than  10%  of  1  LSB  over  the  temperature  range  of  operation. 

General  Ground  Management:  AC  or  transient  voltages  be- 
tween AGND  and  DGND  can  cause  noise  injection  into  the 
analog  output.  The  simplest  method  of  ensuring  that  voltages  at 
AGNDand  DGNDare equal  istotieAGNDand  DGNDtogether 
at  the  DAC-8012.  It  is  recommended  that  two  diodes  (1N914  or 
equivalent)  be  connected  in  inverse  parallel  between  AGND 
and  DGND  pins  in  complex  systems  where  AGND  and  DGND 
tie  on  the  backplane. 

Digital  QWeheK  When  RD/WR  and  DS  are  both  low,  the  latches 
are  transparent  and  the  D/A  converter  inputs  follow  the  data 
inputs.  Some  bus  systems  do  not  always  have  data  valid  for  the 
whole  period  during  which  RD/WR  is  low.  This  will  allow  invalid 
data  to  briefly  appear  at  the  DAC  inputs  during  the  write  cycle. 
This  can  cause  unwanted  glitches  at  the  DAC  output  Retiming 
the  write  pulse  RD/WR,  so  that  it  only  occurs  when  data  is  valid, 
will  eliminate  the  problem. 

FiQURE  7:  B-Bit  Processor  to  DAC-8012  Interface 


INTERFACING  THE  IMiC-8(n2TO  MICROPROCESSORS 

Figure  6  shows  the  interface  conf  iguration  for  the  68000 16-bit 
microprocessor  No  external  logic  is  required  to  write  data  into 
the  DAC  or  to  readbacl(  data  from  the  DAC-8012  latches.  Analog 
circuitry  has  been  removed  for  clarity. 

FIGURE  6:  68000 16-Bit  Microprocessor  to  DAC-8012  Interface 


ADDRESS  BUS 


'Qo  =  DECODED  ADDRESS  FOR  LJ^TCH  TO  DAC  OPERATIONS 
O,  =  DECODED  ADDRESS  FOR  DATA  BUS  TO  INPUT  LATCH  OPERATiON 
Q2  =  DECODED  ADDRESS  FOR  OUTPUT  LATCH  TO  DATA  BUS  OPERATION 


ADDRESS  BUS 


ADDRESS  ^ 

OEcdtie  p- 


V 


8.BIT  DATA  BUS 
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FEATURES 

•  12-Bit  Accuracy  in  an  8-Pin  Mini-Dtp 

•  Fast  Serial  Data  Input 

•  Double  Data  Buffers 

•  Low±1/2LSBMaxlNLandDNL 

•  Max  Gain  Error:  ±1  LSB 

•  Low5ppm/°CMaxTempsO)'...'M 

•  ESDResistant  -isv 

•  Low  Cost 

•  Available  in  Die  Form 

APPLICATIONS 

•  Auto-Calibration  Systems 

•  Process  Control  and  Industrial  Automation 

•  Programmable  Amplifiers  and  Attenuators 

■r-Digra(iiy-Controiiedp»rr' "  ■   ~    -  - 

jtfiDEBlNG  INJ^ORMAf  rON^^  

-  .   PACKAGE  

EXTENDED 

MIUTARY-  INDUSTRIAL  COMMERCIAL 

aaiCUTIVE      lEMPERAtURi      TEMPERATURE  TEMPERATURE 


DAOni43EZ 
DAC8043FP 


DAC8(M3GP 


*    For  devices  processed  in  total  compliance  to  MiL-STD-883,  add  /883  after  part 

number.  Consult  factory  for  883  data  sheet, 
t   AH  commercial  and  industrial  temperature  range  parts  are  available  with  burn- 


PIN  CONNECTIONS 


8-PIN  EPOXYDIP 
(P-Suffix) 

8-PIN  CERDIP 
(Z-Suffix) 


BURN-IN  CIRCUIT 


I'M 


NOTES: 
R,  =1tn 
CV  =  lOllF 

Di  >  1N4001  OR  EQUIVALENT 

MAXIMUM  POWER  SUPPLV  CURRENT  PER  DEVICE  I8«' 
POWER-UP  SEQUENCE:  4IOV 
POWER-DOWN  SEQUENCE;  +10V,  +5V 


GENERAL  DESCRIPTION 

The  DAC-8043  is  a  high  accuracy  12-bit  CMOS  multiplying 
DAC  In  a  space-saving  8-pln  mInl-DIP  package.  Featuring 
serial  data  input,  double  buffering,  and  excellent  analog  per- 
formance, the  DAC-8043  Is  Ideal  for  applications  where  PC  I 
board  space  Is  at  a  premium.  Also,  improved  linearity  and  gain  I 
error  performance  permit  reduced  parts  count  through  the ' 
elimination  of  trimming  components.  Separate  input  clocl<  and 
load-DAC  control  lines  allow  full  user  control  of  data  loading 
and  analog  output. 

The  circuit  consists  of  a  1 2-blt  serlal-ln,  parallel-out  shift  regis- 
ter, a  12-bit  DAC  register,  a  12-bit  CMOS  DAC,  and  control 
logic.  Serial  data  Is  clocked  Into  the  Input  register  on  the  rising 
edge  of  the  CLOCK  pulse.  When  the  new  data  word  h^  been 
clocked  In,  it  is  loaded  into  the  DAC  register  with  the  LD  Input 
pin.  Data  in  the  DAC  register  Is  converted  to  an  output  current 
by  the  D/A  converter. 

This  0AC-SO43's'taistinlerf3Getimingm8y  reduce  tMngtiesign 
_eQ0iMafaUoris  wttile  minlmFzing  microprocessor  w|tt  sMs. 
Fortpplicaflons  requiring  ari  asynchronous  CLEAR  fctietion  or 
more  versatile  microprocessor  interface  logic,  refer  to  the  PM- 
7543. 

Operating  from  a  single  -i-SV  power  supply,  the  DAC-8043  is  the 
ideal  low  power,  small  size,  Inigh  performance  solution  to  many 
applies^n  problems.  It  is  available  in  plastic  and  cerdip  pack- 
ages that  are  compatible  with  auto-insertion  equipment. 


FUNCTIONAL  BLOCK  DIAGRAM 
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ABSOLUTE  MAXIMUM  RATINGS    ^    '  i  -    '  >5 

(T^  = +25°C  unless  otherwise  noted.)  ■' 

Vpj,toGND  +17V 

VpgptoGND  ±25V 

VppgtoGND  ±25V 

Digital  Input  Voltage  Range   -0.3Vto,y„[, 

Output  Voltage  (Pin  3)  ,  ....,..'.^,,  7^.3W  tp^%Q 

Operating  Temperature  Range 

AZ  Versions  -55°Cto  +125"'C 

EZ/FZ/FP  Versions  -40°Cto  +85°C 

GP  Version  0°Cto  +70''C 

Junction  Temperature  +150°C 

Storage  Temperature  -6S°C  to  +150°C 

Lead  Temperature  (Soldering,  60  sac)  i^^^P 

-'■■atuo  otansbriB 


PACKAGE  TYPE 

Vs»^,(N0TE1) 

UNITS 

B-PlnHennelicDIP(Z) 

134 

12 

•CAN 

8-Pln  Plastic  DIP  (P) 

96 

37 

NOTE:  

1 .  e,j^  Is  specified  tor  worst  case  mounting  condMons,  i.s.,  S.^  Is  specified  for 

device  In  socket  for  CarDIP  and  P-DIP  paciiagss. 
CAUTION:  (i-n.-fU.'A  n/- 

1 .  Do  not  apply  voltages  higherthanV^^or  less  than  GND  potential  on  any  ter- 
minal except  7,,^^  {Pin  1)and  Rpg(Pin2). 

2.  The  digital  control  inputs  are  zener-protected;  however,  permanent  damage 
may  occur  on  unprotected  units  from  high-energy  eiectrostaUc  fields.  Keep 
units  in  conductive  foam  at  ail  times  until  ready  to  use. 

3.  Use  proper  anti-static  handling  procedures. 

4.  Absolute  Maximum  Ratings  apply  to  both  pacicaged  devices  and  DICE. 
Stresses  above  tiiose  listed  under  Absolute  Maximum  Ratings  may  cause 
parmanantdaniagalBthadeiiioe.  ,  , 
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ELECTRICAL  CHARACTERISTICS  at  V^q  .  +S\>',  V^^^  -  -^1 OV;  l^u^  -  GND  .OIW^TxMKOItTemperatareftariga  specified  undm- 
Absolute  Maximum  Ratings  unless  otherwise  noted. 
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PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP  MAX 

UNITS 

STATIC  ACCURACY 

Resolution 

N 

12 

Bits 

Nonlinearity 

DAC-8043A/E/G 

±1/2 

(Note  1) 

■    DAC-8043F                        '  ■  ', 

LSB 

Differential  Nonlinearity 

ONL 

DAC-8043A/E 

2  LSB 

(No»2) 

DAC-8043F/G 

Gain  Error 
(Notes) 


°F»E 


Gain  Tempco 
(A  Gain/A  Temp) 
(Note  5) 


T^  =  +25"C 
DAC-8043A/E 
DAC-8043F/G 
-  Full  Temperature  Ranea 
All  Grades  ^  ■  i 


LSB 


ppm/'C 


Power  Supply 


Rejection  Ratio 
(A  Gain/A  Vpp) 

PSRR 

aV„„-±s% 

±0.0006  \ 

tojooa  pZ 

«" 

Output  Lealtage  Current 
(Noib4) 

T^  =  +25=0 

T^  «  Full  Temperature  Range 
DAC-8043A 
DAC-8043E/F/G 

±100 
±25 

nA 

Zero  Scale  Error 
(NoM»7,4^ 

T,..25-C 

T^  =  Full  Temperature  Range 
DAC-8043A 
DAC-8043E/F/G 

0.03 

0.61 
0.15 

LSB 

Input  Resistanioe  -  .  - 
(Note  8) 

"in 

7 

11 

15 

kn 

AC  PERFORMANCE 

Output  Current 
Settling  Time 
(Notaa5,6) 

*, 

T^.+asc 

025 

1 

I 

1 
1 

fta.. .  '.  .'."XAK 

DAC-8043 

EkEGTHICAL  CHARACTERISTICS  at  V^^  =  +5V;  V„gp  =  +1 OV;  Iout= GND  =  OV; 
Absolute  Maximum  Ratings  unless  otherwise  noted.  Continued 

=  Full  Temperature  Range  specified  under 

i 

DAC-8043 

1' 

ARAMETER 

SYMBOL 

CONDITIONS 

itMl               TVD               UAV  IIHITS 

1 

j  DlgKal  to  Analog 
Glitch  Enorgy 
(Note  5,10) 

Q 

 T  ^  '■  

louTLoed-'OOQ 

OAC  register  loBdedaltematelywItli  ".'iy 
alios  and  all  Is 

-             2            20  nVs 

Feedthrough  Error 

(Vhef'oIout) 
(Notes.  11) 

FT 

Digital  Input  =  oooo  oooo  oooo 

T^=+25"C 

0.7               1  mV„„ 
P-P 

Total  Hannonic  Distortion 
1  (Notes) 

THD 

Vp5P  =  6VHMS@1kH2 
DAC  register  loaded  with  ail  1  s 

-85              -  dB 

Output  Noise 

Voltage  Density  o„  lOHztolOOkHzbetweenRpgandi^lj.,.'  "  '  _  17  nVA'tST 

(Notes  5, 13)  ' 


DIGITAL  INPUTS 


Oigital  Input 
HiGH 

2.4 

V 

Digital  Input 
LOW 

■V|L  - 

0.8 

V 

input  Leakage  Current 
(Note  9) 

'*IL 

V|„  =  OVto+SV 

±1 

mA 

.tnoutGapacibnoe 

-«ote%,tj)_ 

.C.N 

8 

pF 

MiALd6  OUTPUTS 

Ou^  CapacHanee 

Digila!lripiits<V,H 

110 

pF 

(Note  5) 

''OUT 

OigRal  Inputs -V,^ 

80 

TIMING  CHARACTERISTICS  (NOTES  S,  14) 

Dak  Setup  Time 

'ds 

T^  '  Full  Temperature  Range 

40 

ns 

DMaHOUTime 

'dh 

T^  =  Full  Temperature  Range 

80 

ns 

Clock  Pulse  Width  High 

*CH 

T^  a  Full  Temperature  Range 

SO 

'  ns 

Clock  Pulse  Width  Low 

Tj^  •  Fill  TempeRtfim  Itenge 

120 

Of 

Load  Pulse  Width 

'to 

~T^  =  Ful  Temperature  Range 

120 

ne 

LSB  Ciock  into  input  Register 
to  Load  DAC  Register  Time 

'  Full  Temperature  Range 

0 

ns 

l>OWEil^RPl.y                                .  ^ 

.  ^■^.Veltaoa 

4.75 

5 

5.25 

V 

Supply  Current 

'dd 

Digital  inputs  =  V|j,  or  V,,^ 
Digital  inputs  =  OV  or  V^^ 

500 

100 

liAMAX 

1.  ±1/2LSB  =  ±0.012%ofFuiiScale. 

2.  All  grades  are  monotontc  to  12-bitso<'ert9inperiflurj^^  .'  -^  .V,]  • 

3.  Using  internal  feedback  resistor. 

4.  Applies  to  Iq  J-,-;  AH  digital  inputs  =  OV. 

5.  Guaranteed  by  design  and  not  tested. 

8.        Load  -  IOOQ.  CgxT  =  13PF.  "iaital  input  =  OV  to  V^^,  or  toOV. 
Bctrapolatad  to  1/2  LSB:  t^  =  propagation  delay  (tp  q)  +  9i  where  t  > 
ured  time  constant  of  the  final  RC  daet^. 

7.  V„gp==t10V.alldlgnalinpiils  =9t. 

8.  Abaolute  temperature  co^Hdent  Is  leas  than  *3aoppni/>C. 


9.  Digital  inputs  are  CMOS  gates;  1,^  is  typtoaily  1  nA  at  +25''C. 

10.  V„gp  =  ov.  alt  digital  inputs  ^OVtoVpo or  VoptoOV. 

11.  All  digital  inputs  =  OV. 

12.  Caicuiated  from  worst  case  ffp^p- 

'zsE    l^Bs)  =  (R„EF  'Ug-^I^ref- 

13.  Calculaflons  from  en  =  V4KTRB  where: 

K  =  Boltzmann  constant,  J/°K,  R  =  resistance,  Q 
T  =  resistor  temperature,  °K,  B  =  bandwidth,  Hz 
Tested  at  V,^  =  OV  or  V„ 


14. 
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DIE  SIZE  0.11 6  X  0.1 09  inch,  1 2,644  sq.  mllf  . 
(2.95  X  2.77  mm,  &1 7  sq.  mm) 


WAFER  TEST  LIMITS  at  V^^  =  +5V,  V^^p 

= +10V;  IgyT  -  GND  =  OV,     = +25°e. 

DAC-8043GB@  

CONDITIONS                                                                  LIMIT  IrtB'nt 

PARAMETER 

SYMBOL 

UNITS 

8TATIC-A66URAeV 

Resolution 

N 

"'12 

Bits  MIN 

Integral  Nonllnearlty 

INL 

±1 

L6BMAX 

DMeranlial  Nonlinewtty 

DNL 

*1 

L6BMAX 

Gain  Error 

«FSE 

Using  internal  feadtwckreMor        .    .  *2 

eSBMAX 

Power  Supply  Rejectton 
Ratio 

PSRR 

AVoo=±5%                                                         ±0.002  jaitaiRao* 

.  %CKMM( 

Output  Leakage 

Current  Oout) 

'    ■■  •■  "1 

'lkq 

Digttal inputs  =  V,^             T..,;,,       ,              "  ±s 

HAMAX 

REFERENCE  INPUT 

Input  Resistance 

7/1  s 

kOMIN/MAX 

ttiQITAL  INPUTS 

Digital  Input  HIGH 

.V             -.„w,  :■,     i,  --  -    %  2.4 

'VMIN 

Digital  Input  LOW 

  —  0.8 

VMAX 

Input  Leakage  Current 

l|L 

v,-„.ovtov„     ^            -    »1 

liAMAX 

POWER  SUPPLY 

Supply  Current 

'pD 

Digital  Inputs  =  V,^  or  V,^  SOO 
--OSllallnpuls-aWwVIgB  100- 

llAMAX 

NOTE: 

Electrical  tests  are  performed  at  wafer  probe  to  ttie  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  Ri  no 
tor  standard  product  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualifications  tiirough  sample  lot  assembly  and  testing. 

tguai»iitmd 

-V  .-1    -11  . 

nsxu  -:.  ■  .  ■■■■ 


SUPPLY  CURRENT  vs      '    '      "  UNEARITY  ERROR  vs  LINEARITY  ERROR  vs 

LOGIC  INPUT  VOLTAGE  DIGITAL  CODE  REFERENCE  VOLTAGE 
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PARAMETER  DEFINITIONS 

INTEGRAL  NONLINEARITY  (INL) 

This  is  the  singie  most  important  DAC  specification.  PMI  meas- 
ures INL  as  the  maximum  deviation  of  the  analog  output  (from 
the  ideal)  from  a  straight  line  drawn  between  the  end  points,  it  is 
expressed  as  a  percent  of  full-scale  range  or  in  terms  of  LSBs. 

Referto  PM1 1 988  Data  Book  section  i  1  for  additional  digital-to- 
analog  converter  definitions. 

INTERFACE  LOGIC  INFORMATION 

The  DAC-8043  has  been  designed  for  ease  of  operation.  The 
^     ^      timing  diagram  Illustrates  the  input  register  loading  sequence. 
"      '""  Note  that  the  most  significant  bit  (MSB)  is  loaded  first. 

Once  the  input  register  is  full,  the  data  is  transferred  to  the  DAC 
register  by  talking  LD  momentarily  low. 

DIGITAL  SECTION  _ 

The  DAC-8043's  digital  inputs,  SRI,  LD,  and  CLK,  are TTL com- 
patible. The  input  voltage  levels  affect  the  amount  of  current 
drawn  from  the  supply;  peal<  supply  current  occurs  as  the  digital 
Input  (V|^)  passes  through  the  transition  region.  See  the  Supply 
Current  vs.  Logic  Input  Voltage  graph  located  under  the  typical 
performance  characteristics  curves.  Maintaining  the  digital 
input  voltage  levels  as  close  as  possible  to  the  supplies,  Vqq 
and  GND,  minimizes  supply  current  consumption. 

The  DAC-8043's  digital  inputs  have  been  designed  with  ESD 
resistance  incorporated  through  careful  layout  and  the  inclusion 
of  input  protection  circuitry.  Figure  1  shows  the  input  protection 
diodes  and  series  resistor;  this  input  structure  is  duplicated  on 
each  digital  input.  High  voltage  static  charges  applied  to  the 
inputs  are  shunted  to  the  supply  and  ground  rails  through  for- 
ward biased  diodes.  These  protection  diodes  were  designed  to 
clamp  the  inputs  to  well  below  dangerous  levels  during  static 
discharge  conditions. 

GENERAL  CIRCUIT  INFORMATION 

The  DAC-8043  is  a  1 2-bit  multiplying  D/A  converter  with  a  very 
towtemperature  coefficient.  It  contains  an  R-Z^ij^storfa^qr 
networl<,  data  input  and  control  logic,  and  two  data  r« 


on/rruciios  q  rn 


FIGURE  1:  Digital  Input  Protection 

The  digital  circuitry  forms  an  interface  in  which  serial  data  can 
be  loaded  under  microprocessor  control  into  a  1 2-bit  shift  regis- 
ter and  then  transferred.  In  parallel,  to  the  12-bit  DAC  register. 

A  simplified  circuit  of  the  DAC-8043  is  shown  In  Figure  2.  An  in- 
verted R-2R  ladder  network  consisting  of  silicon-chrome, 
highly-stable  (+50ppm/°C)  thin-film  resistors,  and  twelve  pairs 
of  NMOS  current-steering  switches. 

These  switches  steer  binarily  weighted  currents  into  either  l^^j.^ 
or  GND;  this  yields  a  constant  current  in  each  ladder  leg,  regard- 
less of  digital  input  code.  This  constant  current  results  in  a 
constant  input  resistance  at  Vp^p  equal  to  R.  The  Vp^p  input 
may  be  driven  by  any  reference  voltage  or  current,  AC  or  DC 
that  is  within  the  limits  stated  in  the  Absolute  Maximum  Ratings. 

The  twelve  output  current-steering  NMOS  FET  switches  are  in 
series  with  each  R-2R  resistor,  they  can  introduce  bit  errors  If  all 
are  of  the  same  resistance  value.  They  were  designed 
such  that  the  switch  "ON"  resistance  be  binarily  scaled  so  that 
the  voltage  drop  across  each  switch  remains  constant.  If,  for 
example,  switch  1  of  Figure  2  was  designed  with  an  "ON"  resis- 
tance of  ion,  switch  2  for  20Q,  etc.,  a  constant StTiV  drop  will 
ttien  b«  maift&ineci  acn>9^&Ki  n^^x 


WRITE  CYCLE  TIMING  DIAGRAM 


LOAD  SERIAL  DATA 


~  INTO  MPUT  REGISTER  ~ 


!*  DATA  LOADED  MSB  nmi. 
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To  further  insure  accuracy  across  the  full  temperature  range, 
permanently  "ON"  MOS  switches  were  included  in  series  with 
the  feedback  resistor  and  the  R-2R  ladder's  terminating  resis- 
tor. The  "Simplified  DAC  Circuit,"  Figure  2,  shows  the  location 
of  the  series  switches.  These  series  switches  are  equivalently 
scaled  to  two  times  switch  1  (twISB)  and  to  switch  12  (LSB)  re- 
spectively to  maintain  constant  relative  voltage  drops  with  vary- 
ing temperature.  During  any  testing  of  the  resistor  ladder  or 
'^FEEDBACK  (such  as  Incoming  Inspection),  V^p  must  be  present 
to  turn  "^N"  thesiS'86i|6s:Swritches. 


DIGITAL  INPUTS 
(SWITCHES  SHOWII.roR  DIGITIU.  INPUTS  "HIGH" 


IS  vsi  • 


RGURE2:  Simplified  DAC  Circuit 
EQUIVALENT  CIRCUIT  ANALYSIS 

Figure  3  shows  an  equivalent  analog  circuit  for  the  DAC-8043. 
The  (D  X  Vref)/R  current  source  Is  code  dependent  and  is  the 
current  generated  by  the  DAC.  The  current  source  Ilkq  consists 
of  surface  and  junction  leakages  and  doubles  approximately 
every  1 CC.  Cqut  is  the  output  capacitance;  It  Is  the  result  of  the 
N-channel  MOS  switches  and  varies  from  80  to  1 1 0pF  depend- 
ing on  the  digital  Input  code.  Rq  Is  the  equivalent  output 
-resistance  tiiat  also  varies  withdigltal  input  code.  R  is  the  nominal 
R-2R  resistor  ladder  resistance. 


DYNAMIC  PERFORMANCE 
OUTPUT  IMPEDANCE  ' 

The  DAC-8043's  output  resistance,  as  in  the  case  of  the  output 
capacitance,  varies  with  the  digital  input  code.  This  resistance, 
looking  back  into  the  l^^.^  terminal,  may  be  between  1 0kn  (the 
feedback  resistor  alone  when  all  digital  Inputs  are  LOW)  and 
7.5kn  (the  feedback  resistor  in  parallel  with  approximateSOkn 
of  the  R-2R  ladder  network  resistance  when  any  single  bit  logic 
is  IHIGH).  Static  accuracy  and  dynamic  perfornnanpe  will  be  af- , 
fected  by  these  variations. 

This  variation  is  best  illustrated  by  using  the  circuit  of  Figure  4  I 
and  tlie  equation: 

Vb)ROH  =  Vos|i  +^| 

where  RqIS  a  function  of  the  digital  code,  and : 

Rq  =  1 0k£2  for  more  than  four  bits  of  logic  1 . 

Rq  =  30kQ  for  any  single  bit  of  logic  1 .  , 

Therefore,  the  offset  gain  varies  as  follows: 


at  code  0011  11111111, 

VwRCHf  =  Yosl  1  -I-  >=  2  Vos 

\  lOkQ/ 

at  code  01 00  0000  0000. 


VERR0n2  =  Vos  1  ■^ 


.1°^)=4/3V06 
The  error  difference  is  2/3  V^g. 

Since  one  LSB  has  a  weight  (for  V^gp  =  +10V)  of  2.4mVforthe 
DAC-8043,  it  is  clearly  important  that  VOS  be  minimized,  either 
using  the  amplifier's  nulling  pins,  an  external  nulling  network,  or 
by  selection  of  an  amplifier  with  inherently  low  V-g.  Amplifiers 
with  sufficiently  low  V^g  include  PMI's  OP-77,  OP-07,  OP-27, 
and  OP-42. 


"ref  r 
o  • — VvV 


RGURE4:  SmpUfiedCinitMt 
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I  fici  yciHl  diiu  \ji  laoc  oiakriiiijr       iti^  wui^uc  —  ,  ^ 

out,  and  power  supply  decoupling  will  all  affect  the  dynamic  per- 
formance. The  use  of  a  small  compensation  capacitor  may  be 
required  when  high-speed  operational  amplifiers  are  used.  It 
may  be  connected  across  the  amplifier's  feedback  resistor  to 
provide  the  necessary  phase  compensation  to  critically  damp 
the  output.  The  DAC-8043's  output  capacitance  and  the  R^g 
resistor  form  a  pole  that  must  be  outside  ttie  amplifter's  unity 
gain  crossover  frequency. 

The  considerations  Wheii  using  hijih-spe^Kl  amplifiers  are: 

I  jE^j       ''■  Phase  compensation  (see  Figures  5  and  6). 
VKfMKSf  ^  2;  Power  supply  decoupling  kt^#i#gMce  socket  and  use  of 
prop^  grounding  techniques. 

APPLICATIONS  INFORMATION 
APPLICATION  TIPS 

in  most  applications,  linearity  depends  upon  the  potential  of 
and  GND  (pins  3  and  4)  being  exactly  equal  to  each  other, 
in  most  applications,  the  DAC  is  connected  to  an  external  op 
amp  with  its  noninverting  input  tied  to  ground  (see  Figures  5  and 
6).  The  amplifier  selected  should  have  a  low  input  bias  current 
and  low  drift  over  temperature.  The  amplifier's  input  offset  volt- 
age should  be  raUM  In  Ansltian  420(HtV  (l^'tna«^iM%f  1 
LSB). 

The  operational  amplifier's  noninverting  input  should  have  a 
minimum  resistance  connection  to  ground;  the  usual  bias  cur- 
rent compensation  resistor  should  not  be  used.  This  resistor 
can  cause  a  variable  offset  voltage  appearing  as  a  varying  out- 
put error.  All  grounded  pins  should  tie  to  a  single  common 
ground  point,  avoiding  ground  loops.  The  Vp^  power  supply 
should  have  a  low  noise  level  with  rusr  tfifisiaiits  greater  than 
+^7^/. 

UNIPOLAR  OPERATION  (2-QUADRANT) 

The  circuit  shown  in  Figures  5  and  6  may  be  used  with  an  AC  or 
DC  reference  voltage.  The  circuit's  output  will  range  between 
OV  and  approximately  -V^^p  (4095/4096)  depending  upon  the 
digital  input  code.  Th^  relationship  between  the  digital  input  and 
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FIGURE  5:  UnpokrOpention  wUh  HlghMma^iOpAnip 
(2-Qua(iant) 
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FIGURE  6:  Unipolar  Operation  with  Fast  Op  Amp  and  Gain  Error 
Jrmmmg(2<lu^ctwit)  >        ^  >  s 

the  analog  output  is  shown  in  Table  1 .  The  limiting  parameters 
for  the  Vpgp  range  are  the  maxim^'ii^^  ^ttage  raige  of  the 
op  amp  or  ±25V,  whichever  is  lowi^  I     f  '  '  T 

Gain  error  may  be  trimmed  by  adjusting  R,  as  shown  in  Figure 
6.  The  DAC  register  must  first  be  loaded  with  all  1s.  R,  may 
|then  be  acljusted  until  V^^.^ = -V^^(jtO^4096).  In  the  case  of 
an  adjustable  V^^p,  R,  and  "laybe  omitted,  with  Vp^p  ad- 
justed to  yield  the  desired  full-scale  output. 

In  most  applications  the  DAC-8043's  negligible  zero  scale  error 
and  very  low  gain  error  permit  the  elimination  of  the  trimming 
components  (R,  and  the.external  H^)  without  adverse  effects 
:on  circuit  performance. 

TABLE  1:  Unipolar  Code  Table 


j>MSiTAyNPUT 

MSB  '         \:V,  LSB 

NOMINAL  ANALOG  OUTPUT 
(YouT  9S  shown 
.'a  Wflwrs*  5  and     .  ' 

1111 

1111 

1111 

-Vref 

/4095\ 
V4096/ 

1  0  0  0 

0000 

0  0  0  1 

-Vref 

/2049'v 

I,  4096  j  "■ 

10  0  0 

0  0  0  0 

0  0  0  0 

-Vref 

/2048\  _  Vref 
^  4096 y  2 

0  111 

1111 

1111 

-Vref 

/2047\ 
I,  4096  j 

0  0  0  0 

Q^P  0  0 

0  0  0  1 

-Vref 

(4096)    -  • 

0  0  0  0 

0  0  0  0 

0  0  0  0 

-VftEF 

NOTES: 

1.  Nomfhclt  full  sccile  for  the  circuits  of  Figures  5  and  6  is  given  by 

2.  Nominal  LSB  magnitude  for  the  circuits  of  Figures  5  and  6  is  given  by 


LSB  =  Vbef(4^)  or  ViiEF  (2-")- 


2-984  DIGITAL-TO-ANALOG  CONVERTERS 


a  REV.  B 


DAC-8043 


TABLE  2:  Bipolar  (Offset  Binary)  Code  Table 

DIGITAL  INPUT         NOMINAL  ANALOG  OUTPUT 
MSB  LSB   (Vq„^  as  shown  in  Figure?), 


1111     1111  1111 


Wref  (^) 
V2048/ 


1000     0000  ,0001 


'1 000  -0000  0000 


0111      1111  1111 


V2048/ 


0000  ,QOQO  -J)0Q1 


0000     0000  0000 


-Vrb:  (2248) 
V2048/ 


NOTES: 

1.  Noniinalift((l,1^$fe  for  tl^e  circuit  of  Figure  7  is  given  by 

2.  Nominal  LSB  magnitude  for  the  drcuit-of  Figure  7  is  given  by 


BIPOLAR  OPERATION  (4-QUADRANT) 

Figure  7  details  a  suggested  circuit  for  bipolar,  or  offset  binary 
operation.  Table  2  sfiows  the  digital  input  to  analog  output  rela- 
tionship. The  circuit  uses  offset  binary  coding.  Two's  comple- 
nnent  code  can  be  converted  to  offset  binary  by  software  inver- 
sion of  the  MSB  or  by  the  addition  of  an  external  inverter  to  the 
MSB  input. 

,l|f9sistprs  Rjj  R^,  and  FL  must  be  selected  to  match  jn/ilhin 
0.0*1  %  sund  must  all  be  of  tne  same  (pi-efe[;qbly  mistal  foil)  type,  to 


assure  temperature  coefficient  matching.  Mismatching  be- 
tween and  causes  offset  and  full  scale  errors  while  an  Rg 
to     and  Rj  mismatch  will  result  in  full-scale  error. 

Calibration  is  performed  by  loading  the  DAC  register  with  1 000 
0000  0000  and  adjusting  R,  until  Vqu-,.  =  OV.  R,  and  R^  may  be 
omitted,  adjusting  the.fatio  of  R3  to  R^  to  yield  V^^j.^  =  OV.  Full 
scale  can  be  adjusted  by  loading  the  DAG  register  with  1111 
1111  1111  and  either  adjusting  the  amplitude  of  V^^^  or  the 
value  of  Rj  until  the  desired  Vq^jj  is  achieved. 

ANALOG/DIGITAL  DIVISION 

The  transfer  function  for  the  DAC-8043  connected  in  the  multi^ 
plying  mode  as  shown  in  Figures  5,  6,  and  7  is: 


Vo=-V|N 


/Al.+A2+A3_ 
I2'    2^  2^ 


A12 


where  A„  assumes  a  value  of  1  for  an  "ON"  bit  and  0  for  an  "OFP 

bit. 

The  transfer  function  is  modified  when  the  DAC  is  connected  in 
the  teedback  of  an  operational  amplifier  as  shown  in  Figure  8 
and  becomes: 


Vo^ 


-ViN 


Ai  I  A2  ,  A3  ,  A12 


The  above  transfer  function  Is  the  division  of  an  analog  voltage 
(Vpgp)  by  a  digital  word.  The  amplifier  goes  to  the  rails  with  all 
bits  "OFF"  since  division  by  zero  is  infinity.  With  ail  bits  "ON," 
the  gain  is  1  (±1  LSB).  The  gain  becomes  4096  with  the  LSB.  bit 
12  "ON." 
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DAC-8043 


or 


INPUT 

III 


LD    Sm  CLK 


FIGUF^8:/\na/c; 


Divider 


INTERFACING  TO  THE  MC6800 

As  shown  in  Figure  9,  the  DAC-8043  may  be  interfaced  to  the 
6800  by  successively  executing  memory  WRITE  instructions 
while  manipulating  the  data  between  WRITES,  so  that  each 
WRITE  presents  the  next  bit. 

In  this  example  the  most  significant  bits  are  found  in  memory 
location  0000  and  0001 .  The  four  MSBs  are  found  in  the  lower 
half  of  0000,  the  eight  LSBs  in  0001 .  The  data  is  taken  from  the 
DB,  line. 

The  serial  data  loading  is  triggered  by  the  CLK  pulse  which  is 
asserted_by  a  decoded  memory  WRITE  to  memory  location 
2000,  Fl/W,  and  ^2.  A  WRITE  to  address  4000  treuisfers  data 
from  input  reBlsKtfteEfelOBM^^. 


OB. 


IMIT  DATA  BUS 


El    *0  *2 
p  74LS13a 
3  ADDRESS 
DECOOCR 


8.BIT  DATAHUS 


) 


•  ANALOG  aRCUrmV  OHITTED  FOR  StMPUOTV 


FIGURES:  DAC-B043-MC6BO0 Interface 


DAC-8043  INTERFACE  TO  THE  808S 

The  DAC-8043's  interface  to  the  8085  microprocessor  is  shown 
in  Figure  1 0.  Note  that  the  microprocessor's  SOD  line  is  used  to 
present  data  serially  to  the  DAC. 

Data  is  clocked  into  the  DAC-8043  by  executing  memory  write 
instructions.  The  clock  input  is  generated  by  decoding  address 
8000  and  WR.  Data  is  loaded  Into  the  DAC  register  with  a 
memory  write  Instruction  to  address  AGOG. 

Serial  data  supplied  to  the  DAC7804^/nust  iFvesent  in  the 
rigtit-justlfled  format  in  registersB  andtof  mmlcroprciiisssor 


I— *l  I  r4LS13« 


BUS  (16) 
*C-1. 


E3  ADDRESS 
_  DECODER 


(»|AD|^, 


To    cue  \ 

MC4SV  / 


*  ANALOG  aRCUITRV  OMTTED  FOR  SIMPUCITY 


FIGURE  10:  DAC-8043-8085 Interface 


DAC-8043 TO  68000  INTERFACING 

The  DAC-8043  interfacing  to  the  68000  inicroprocessor  is 
shown  in  Figure  t1 .  Again,  seri{#d^aMi9j^^  istajcenfct^ 
one  of  the  microprocessor's  daiMrallAra. 


VMA 


ADDRESS  BUS 


1/4  74HC125  ^ 


H>1 


FIGURE  11:  DAC-a043-eB000ijP  Interface 
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DEVICES 


12-Brt  Serial  Daisy-Chain 
CMOS  D/A  Converter 


DAC-8143 


FEATURES 

«  Fast,  Flexible,  Microprocessor  Interfacing  in  Serially- 
~  Controlled  Systems  ' 

^;.Buffered  Digital  Output-Pin  for  Daisy-Ctiaining  Multiple 
-  DACs 

'  Minimize* Address-Decoding  in  Multiple  DAC  Systems- 
Three  Wire  Interface  for  Any  Numt>er  of  DACs        .  ^. 
OiMtData  Une 
OneGL!kLJi\9  . 
One  Load  Une  ' 

•  improved  Resistance  to  ESD 

•  -40°C  to  +85°C  for  the  Extended  Industrial  Temperature 
Hange  ,„  ,  - 

*^  Available  In;  Die  Form 

APPLICATIONS 

•  Multiple-Cliannel  Data  Acquisition  Systems 

•  Process  Control  andlrulUstrial  JM^a^Ho^ 

•  Test  Equipment 

•  Remote  Microprocessor-Controlled  Systems 


GENERAL  INFORIVIATION 

The  DAC-8143  is  a  12-bit  serial-input  daisy-chain  CMOS  D/A 
converter,  which  features  serial  data  input  and  buffered  serial 
data  output.  It  was  designed  for  multiple  serial  DAC  systems, 
where  serlally^ddisy-^alnlng  one  DAC  after  another  is  greatly  | 
simplified. 

Th0£tAC-8143'also  miriM?es  address  decoding  lines  enablihg 
simpler  logic  interfacing.  It  allows  'S-wirb'interface  for  any  num- 
ber of  DACs:  one  data  line,  one  CLK  line,  and  one  toad  line. 

Serial  data  in  the  input  register  (MSB  first)  is  sequentially 
clocked  out  to  theSRO  pin  as  the  new  data  word  (MSB  first)  is  si- 
multaneously clocked  in  from  the  SRI  pin.  The  strobe  inputs  are 
used  to  clock  in/out  data  on  the  rising  or  falling  (user  selected) 
strobe  edges  (STB,,  STB^,  STB3,  STB^). 

When  tiie  shift  register's  data  has  been  updated,  the  new  data 
wordft^^sforred  to  ttie  DAC  register  with  use  of  LD^  and 
inpM. 

cmamted 


ORDERING  INFORMATION  * 


PACKAGE:  ie 

-PIN 

EXTENDED 

MILITARY* 

INDUSTRIAL 

NON- 

GAIN 

TEMPERATURE 

TEMPERATURE 

LINEARITY 

ERROR 

-55"CtO+125"C 

-40"CtO+85"C 

zILSB  '' 

0AC814MQ 

DAC8143EQ 

ilLSB  " 

'  DACBI^iAQ/BaS 

s1  LSB 

±2  LSB 

0AC8143FP 

±1  LSB 

±2  LSB 

DAC8143FS" 

*  For  devices  processed  in  total  compliance  to  MIL-STD-863,  add  /B83  after  part 

number.  Consult  factory  for  863  data  sheet, 
t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

OsrOIP  and  plastic  DIP. 
tr^DT  avaitability  and  burn<in  information  on  SO  and  PLCC  packages,  contact  your 
-  local  sales  office. 


njflCTIONAL  BLOCK  DIAGRAM 


LD,0- 
STB,0_ 
STB,0- 
STBjO- 
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SMO- 
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OAC  REGISTER 
LOAD 


-Z  ^  " 


CLK 

INPUT  12-BIT 
SHIFT  REGISTER 
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PIN  CONNECTIONS 


'ouTi  Cl 

le]  Rfb 

'ouT!  {3. 

i]  W 

AGND  [7 

STB,  [7 

HI  CLH 

LD^  [1 

^  DGNO 

SRC  [7 

n]  STB, 

SRI  Q 

IE  sfS^ 

STB,  C 

I]  LD^ 

16-PIN  EPOXY  DIP 
(P-Suffix) 

16-PIN  CERDIP. 
(Q-Suffix)  " 

16-PIN  SOL 
(S-Suffix) 


MULTIPLE  DAC-8143S  WITH  3-WIRE  INTERFACE 


ADDRESS  BUS 


STBOBE 

"°  LOAD 

 =3- 


SKI 

DAC.ai43 
^"0  LOAD 


STHOBE 
0AC.4143 

7 


5> 


STROBE  N 

DAC-8143 

LOAD  / 
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GENERAL  tNF0RMATl6N  Cbn(»it/b^*'''  t 

Separate  LOAD  control  inputs  allowsimultanedu^  oilpX lipitlia- 

ing  of  multiple  DACs.  An  asynchronous  CLEAR  input  resets  the 

DAC  register  without  altering  data  in  the  input  register. 

Improved  linearity  and  gain  error  performance  permits  reduced 
circuit  parts  count  through  the  elimination  of  trimming  compo- 
nents. Also,  fast  interface  timing  reduces  timing  design  consid- 
eration while  minimizing  microprocessor  wait  states. 

ages  that  are  cbmpkibie  vmii  auto-tnseraon  ei^^^ 

Cerdip  and  plastic  packages  devices  come  In  the  extended  in- 
dustrial temperature  range  of -40°C  to +8S°C. 

J."  — 

ABSOLUTE  MAXIMUM  RATINGS 

(T^  = +25°C,  unless  othenwise  noted.)  ■'  '      '  •''^'^ 

to  DGND  

VpgptoDGND  ±25V 

VppgtoDGND  ±25V 

AGNDto  DGND  Vq^+O-SV 

DGNDtoAGND  Vt,o+0.3V 

l^gital  Input  Voltage  Range  ..™.>.:.tiij.vv.;  ^.3V  to  V^^ 

Output  Voltage  (Pin  1 ,  Pin  2)  -0.3V  to  V^^ 

Qpeiating  TempeMffo  R«iig» 

AO  Version    „  -55«C  to  +125°C 

EQ/FP/FS  Vtraterre  m°Q 


JuncUDn  Temperature   j....^.  :r..  «150G 

Storage  Temperature  to  +1 50°G 

Lead  Temperature  (Soldering,  60  sec)  +300°C 


PACKAGE  TYPE 

e,^  (NOTED 

9lC 

UNITS 

16-Pln  Hermetic  DIP  (Q) 

94 

12 

•c/w 

liPlhW&llc  Olt''  (P)  ■' 

•C/W 

16-Pln  SOL  (S) 

>-afi!«f;  —  

92 

27 

•0/W 

devics  In  socket  for  CerDIP  and  P-DIP  packages;  8^^^  is  specified  for  device 
■oldOTd  to  prMed  circuit  board  for  SOL  package. 

CAUTION:  . 

bo  not  apply  voltage  higher  than  ^  or  lass  ihtri  DGND  potential  on  any  ter- 
minal except  Vpgp  (Pin  15)  and  Rpg  (Pin  16). 

2.  The  digital  control  inputs  are  zener-protected;  however,  permanent  damage 
may  occur  on  unprotected  units  from  high-energy  electrostatic  fields.  Keep 
units  In  conductive  foam  atalltimes  until  ready  to  use. 

3.  Use  proper  antl-staHc  handling  procedures. 

4.  Absolute  Maximum  Ratings  apply  to^l 
Stresses  above  those  listed  under  > 
permanent  damage  to  the  device. 


,^«lavlcw,|ti|^  piCi. 
-  lAadngs  lii^y  cause 


ELECTRICAL  CHARACTERISTICS  at  V„ 


•DD-+5V;V„^^  =  +10V;V, 
Range  specified  under  Absolute  Maximum  Ratings,  unless  otherwise  nol9(l. 


ouTt  "V^UTa  =  Vaqno  =  VooMD  =  OV:T^  *Full  Temperature 


PARAMETER 

SYMBOL 

CONDmONiS 

TYP 

MAX 

UNrrs 

STATIC  ACCURACY  „ 

ReKHutian  trsm^A-i. 

N 

12 

Bits 

Nonlinearity 

IML 

DAC-8143A/E 

±1/2 

LSB 

(Note  1) 

DAC-8143F 

±1 

DHferential  Nonlinearity 

PNI. 

DAC-8143A/E 
'  (MC9143F'  ;  ,  -. 

-■3ii9nwi>tn'ni-' 

'  ±1/2 

±1 

LSB 

Gain  Error 
(Notes)  — 

=  +25'C 
DAC-8143A/E  j 

±1 

DAC-8143F 
T^  ~  Full  Temp.  Range 
All  Grades 

_  i2 

.  .  LSB 

Qain  Tempce 
(AQam/A  Temp) 
(Notes) 

±5 

ppm/"C 

Power  Supply 
Reiectlon  Ratio 
(4GaWAVoo) 

PSRR 

±0.0006 

±0.002 

%/% 

Output  l-eakage  Current 
(Note  4) 

'lkq 

=  +25''C 
T^  s:  Full  Temp.  Range 
DAC-8143A 

DAC-8143E/F 

±5 

±100 

±25 

nA 

Zaro  Scale  Emr 
(Note  7, 12) 

T^  =  *25'C 

Tj^  >  Ful  Temp.  Rame 
DA(»143A 

DAC-8143E/F 

x0.a02  ±0.03 

xojs  ±a6i 
 *o.oi  mxi 

.  LSB 

Input  Resistance 
(Notes)          .  ' 

V^gppln  ^ 

T 

''<  11 

IS 

kO 

DAC-8143 


ELECTRICAL  CHARACTERISTICS  at  V^,,  =  +5V;  V  =  +10V;  V^y^,  =  Vq^jz  =  V^q^d  =  V^g^p  =  OV;  =  Full  Temperature 
Range  specified  under  Absolute  Maximurn  Rat!|3j^^i^l^A^tl;^i^0C^^ 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

DAC-8143 

TYP 

MAX 

UNITS 

AC  PERFORMANCE 

Output  Current 
Settling  Time 
(Noies  0,  o) 

'. 



0.380 

1 

■'lis 

AC  Fesdth rough  Error 
t^REF  ***  'oUTl^ 

*"(NotesS.11) 

FT 

.    -  -  - 

- 

- 

2.0 

P-P 

Dioitat  to  Analog        -  - 

Glitch  Energy 
dn(NotesS.  10) 

Q 

Igy^  Load  =  1000 
C6„-13pF 

20 

iiVs 

Distortion  (Note  5) 

THD 

V„gP -6V  RMS  @  1kHz 
DAC  register  loaded  with  all  1  s 

- 

- 

-92 

dB 

Output  Noise 
Voftage  Density 
(Notes  5, 13) 

10Hz  to  100kHz 
— -  -  (wtweenflpB  and  Ipyy 

- 

- 

13 

DIGITAL  INPUTS/OUTPUT 

Digital  Input  HIGH 

2,4 

- 

- 

V 

Digital  Input  LOW 

0,8 

V 

'  Input Lsskagv  * 
Current  (Note.9) 

'in  , 

V|,j«0Vto+5V 

±1 

uA 

Input  Capacitance 

(Note  5) 

-  °IM 

V,„  =  0V 

S 

PF 

Digital  Output. 
High           .  n 

-v- 

'OH 

IohS-200mA 

4 

V 

""low 

Vol 

Iql*  1-6mA  1 

1 .,       'irrjt  ;  i 

0.4 

V 

AkAtoGdufpirre  " 

■■  :0  -'J  -  1  J-'^  Sti 

Output  CapacftStce 
(Note  S) 

^OUTI 

*'OUT2 

Digital  Inputs  =  all  Is  ' 
Digital  Inputs  =  all  Os        '  -u'' 

90 

90 

,    ■  PF 

Output  Capadanee 
(Note  5) 

''OUTI 

^0UT2 

Digital  Inputs  =  all  Os     "  "       ^  ^ 
Digital  Inputs  =  aills 

60 
60 

pF 

TIMING  CHARACTERISTICS  (Note  S) 

'dsi 

STB,  used 
as  the  strobe 

Seilal  Input  to 
Strabe  Setup  Times 

■<^-'jh»  -  K "  ■  ,1 

'  -  .^'> 'r^^wad  >iv 

20 

■0S3 

.  •  j-as.^used  T^=+25°C 

-  as  the  strobe    T^  =  Full  Temp.  Range 

10  ' 
20 

■     '  ns 

.1  :C-',: ;,.  ns  '    .  ..  ■-^.^ . 

*DS4 

STBj  used 
as  the  strobe 

20 

*DH1 

STB,  used      Tjj .  425°C 

as  the  Strobe   T^c  Full  Temp.  Range 

40 
50 

Serial  Input  to 
Strobe  Hold  Times 
«STB-80ns) 

'dH2 

STB^used      T^  =  4as« 

as  the  strobe    T^.  Full  Temp.  Range 

SO 
60 

ns 

%N$ 

STBj  used 
as  the  strobe 

80 

'0H4 

STB^  used 
as  the  strobe 

80 
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Range  specified  under  Absolute  Maximum  Ratings,  unless  otherwise  noted.  Continuea 


PARAMETER 


SyMBOL 


CONDJTIONS 


MIN 


DAC-8143 
TYP 


UNITS 


STBtoSHO 

Propagation  Delay 
(Note  15) 


=  25°C 

=  Full  Temp.  Range 


220 
300 


SRI  Data  Pulse  Width.. 


STB,  Pulse  Widtti 
(STB,  =  sons) 
(Note  14) 


STB,  Pulse  Wid^ 
(STBj  =  100ns) 
(Note  14) 


80 


STBj  Pulse  Width 
(STBj  =  80ns) 
(Note  14) 


STB,  PulsB  Width  _ 
(STB7=  80n«) 
(Note  14) 


Load  Pulse  Width 


*LD1'tL1 


T^.+2S'C 


140 


tSB  Strobe  into  Input  Register 
to  Load  DAC  Register  Time^  - 


CLR  Pulse  Width 


POWER  SUPPLY 


Supply  Voltage 


Supply  Current 


All  DIaltal  Inputs  =  V|„  or  V,,^ 
All  Digital  Inputs  =  OV  or  V^^ 


2 

0.1 


Power 
Dissipation 


Digital  Inputs  =  OV  or  V^^ 

5Vx  0.1mA 
Digital  Inputs  =V|„  or  V,,^ 
 -syKSmA-- 


10- 


NOTES: 

1.  *1/2LSB  =  ±0J)12%itf.Full  Scale.  _ 

2.  All  grades  are  monotonic  to  1 2-brts  over  temperature. 

3.  Using  internal  feedbacl<  resistor. 

4.  Applies  tolgy.,.,;  all  digitalinputs  =  V,,^,  Vp^p  ^ +10V; 
Specification  also  applies  for  1^^.^,  when  all  digital  inputs  =  V,,^. 

5.  Guaranteed  by  design  and  not  tested. 

6.  loy.f ,  Load  =  1  oon ,  ^ =  1 3pF,  digital  InpW  »  OV  to  ^  or  „  to  OV. 
Exiraiwiated  to  i  /2  LSB  ts  ^  propagation  dMy-Opg)  *Si.wherB  t  equals 
measured  time  constant  of  the  final  RC  ded^. 


-  +1  OV,  all  digital  inputs  -  OV. 
Absolute  temperature  jawfnciant  Is  less  ttian  *3aoppiii/!C.- 


9.  Digital  inputsareCMOSgales;  t,^is typically  1nAat+25"C. 

10.  Vp^p  =  0V,alldigitaiinputs  =  0VtoV|3|,orVpjt»0V; -.    0  r 

11.  All  digital  inputs  =  OV.    

12.  Calculated  from  worst  case  Rpgp: 

'ZSB  <l"  1-SBs)  =  (R„,,  X  l,,Q  X  4096)  /V„^,. 

13.  Calculations  from  e,,  =  V4K  TRB  where; 

K  =  Boltzmann  constant.  J/°KR  =  resistance  Q 
T  =  reslstortsinpsialure,  *K  B  =  bandwidth,  Hz 

14.  MInlmulii  lowtlinepulse«ildthf6r  STB,,  STB,,  and  STB,,  andMhlmuniMgh 
time  pulse  width  for  STB,, 

15.  Measured  from  active  iwoGe  edge  (STB)  to  new  data  otitput  at  SRO;  C,^ 
=50pF. 
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DAC-8143 


1. 

'oUTI 

9. 

2. 

'oUT2 

10. 

STB3 

3. 

AGND 

11. 

STB, 

4. 

STB 

12. 

DGND 

5. 

Id' 

13. 

CLR 

6. 

SRO  — 

-  •    -  14. 

Voo(Sub«trate) 

7. 

SRI 

15. 

^REF 

t. 

STBj 

 19. 

Substrate  (die  bacloMl)  Mimwnally 
connected  to  V~. 


For  •dditlonal  DICEtrt^rawam.!  refer 
to  199(V91  Ma  Book,  Soellon  2. 


DICE  CHARACTERISTICS 


DIE  SIZE  0.099  x  0.107  Inch,  10,543  sq.  mils 
(2.51  X  2.72  mm,  6.83  sq.  mm) 


WAFER  TEST  LIMITS  at  V„„  =  +5V;  V„,,  =  +10V;  V^,,,  =  V^.^  =  V^^,„  =  V^^,,  =  OV,     =  +25°C. 


PARAMETEH 

T  '  svHiOL 

CONHTlONS 

0AC-8143G 

LIMITS 

UNrrs 

STATIC  ACCURACY 

ResoluHon 

N 

1                                       !  1 

12 

BMMIN 

integral  Nonlinearity 

INL 

±1 

LSB  MAX 

Differential  Nonlinearity 

DNL 

..   '■    -     ;  ■  r 

si 

LSBI4AX 

Gain  Error  ' 

-  ■  -  ®Psi! 

IMng  itntemaltoedbaid^sMsr  , 

*2 

LSBMAk 

iPowerSijppiyT 
Rejection  Ratio 

PSRR 

 '■  '  '  *  \  ^  

±0.002 

%/%MAX 

Output  Leakage 
Current  (igu^,) 

  ^K(J 

n^inpms.v,^ 

±S 

llAMAX 

REFERENCE  WPWT 

Input  Resistance 

"in 

V^Eppad 

7/15 

kOMIN/MAX 

DIGITAL  INPUTS/OUTPUT 

Digital  Input  HIGH 

 :  J — — 

'  VMIN 

Digital  Input  LOW 

V,L 

0.8 

VMAX 

Input  Leaitage  Current 

'iL 

ViN'OVtoVoo                     •  • 

±1 

MAIIIAX 

4 

'  VMM 

Digital  Output  LOW  

— .^^''ai..  » 

-4- 

 (  —  :  ^ 

0.4 

 5- 

VMAX 

POWER  SUPPLY 

~^ — * — ^~'  

-4 

i        \      '  ' 
■Supply^nieni 

.3 

Digital  Inputs  =  V,^  or  V^^  1 
Digital  Inputs  =  OV  or  V^^ 

 '^^■s  

-  2;0 
0.1 

 \ 

mAMAS 

NOTE:  £ 
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TYFHCAL  PERFORMANCEGHAflACTERiaTieS' 


MULTIPLYING  MODE 
FREQUENCY  RESPONSE 
vs  DIGITAL  CODE 


MULTIPLYING  MODE 
TOTAL  HARMONIC 
DISTORTION  vs  FREQUENCY 


OUTPUT  OP  AMP:  OP-42 


m  tt 


SUPPLY  CURRENT  vs 
LOGIC  INPUT  VOLTAGE 


"^-UNEARITY  ERROR  vs> 
DIGITAL  CODE 


LINEARITY  ERROR  vs 
REFERENCE  VOLTAGE 
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SPECIFICATIOMDEFINITIONS 
RESOLUTION 

The  resplution  of  a  DAC  is  the  number  of  states  (2")  that  the  full- 
iscale  range  (FSR)  is  divided  (or  resolved)  Into,  where  'n"  Is 
equal  to  the  number  of  bits- 

SETTLINGTIME  ,^  - 

'Time  r^^iwedJorthe  analog  output  ofctheJDAC^siilHelo  within 
1/2  LSB  of  its  final  value  for  a  givenillgital  in^  stimulus;  i.e., 
zero  to  full-scale.  -        ''^  '        ' ' 

GAIN 

Ratio  of  the  DAC's  external  operational  amplifier  output  voltage 
to  the  Vpgp  Input  voltage  when'all  digitalMn0Uts  are  MIGHw  - ' 

FEEDTHROUGH  ERROR 

Error  caused  by  capacltlve  coupling  from  V^^p  to  output 
Feedthrough  error  limits  are  specified  with  ail  switches  off. 

dltinptri^CAPAerrANCE 

Capacltsmce  from  Iq,j^,  to  ground. 

OUTPUT  LEAKAGE  CURRENT  r   v    -  - 

Current  appearing  at  1^^-^,  when  all  digital  inputs  are  LOWi-er  at 
'ouTZ  terminal  when  all  Inputs  are  HIGH. , 

Refer  to  PMt  1 988  Data  Book,  Section  1 1 ,  for  additional  digitai- 
to-analog-'rofiverfer  definitions. 


'ouTi  °'  'ouT2-  Switching  current  to  Iq^  or  Iq^.^^  V'^'^^s  a 
constant  current  in  each  ladder  leg,  regardless  of  digital  input 
code.  This  constant  current  results  in  a  constant  input  resist- 
ance at  Vpgp  equal  to  R  (typically  11k£J).  The  Vp^p  input  may 
l^WiVeh  by  any  reffrence  voltage  or  current,  AC  or  DC,  thatjs 
WitHih' tH^iirifiii^  s(atc«91nil%  Absd^ 

The  twelve  output  current-steering  switches  are  in  series  with 
the  R-2R  resistor  ladder,  and  therefore,  can  introduce  bit  errors. 
It  was  essential  to  design  these  switches  such  that  the  switch 
"ON"  resistance  be  binarily  scaled  so  that  the  voltage  drop 
across  each  switch  remains  constant.  If,  for  example,  switch  1 
of  Figure  1  was  designed  with  an  "ON"  resistance  of  1 0£2,  switch 
2  for  20Q,  etc.,  a  constant  5mV  drop  would  then  be  maintained 
across  each  switch. 

'To  further  insure  accuracy  across  the  full  temperature  range, 
permanently  "ON"  MOS  switches  were  included  in  series  with 
the  feedback  resistor  and  the  R-2R  ladder's  terminating  resis- 
tor. The  Simplified  DAC  Circuit,  Figure  1 ,  shows  the  location  of 
these  switches.  These  series  switches  are  equivalently  scaled 
to  two  times  switch  1  (MSB)  and  top  switch  1 2  (LSB)  to  maintain 
constant  relative  voltage  drops  with  varying  temperature.  Dur- 
ing any  testing  of  the  resistor  ladder  or  Rpeedb^ck  (such  as 
incoming  inspection),  Vpp  must  be  present  to  turn  "ON"  thes^ 
series  switches. 


iSeUE^  CIRCUIT  INFORMATION 

ThiBr^AC41431s'a~t2-^'sertah'inp0;  buffered  serlal-ou^ut, 
muKiAS^#C^f6M)^  t^grf^Mf  resistor  ladder 

network,  a  1 2-bit  input  shift  register,  1 2-bit  DAC  register,  control 
logic  circuitry,  and  a  buffered  digital  output  stage. 

The  control  logic  forms  an  interface  In  which  serial  data  is 
loaded,  under  microprocessor  control,  into  the  input  shift  regis- 
ter and  then  transferred,  in  parallel,  to  the  DAC  register,  in  addi- 
tion, tujftered  serial  output  data  is  present  at  the  SRO  pin  when 
•ifitUlkiiS^  is  loaded  into  the  input  register.  This  buffered  data 
fblloiirs  ttie  digital  input  data  (SRI)  by  12  clock  cycles  and  is 
available  for  daisy-chaining  additional  DACs. 

An  iisynchronous  CLEAR  function  allows  resetting  the  DAC  reg- 
ister to  a  zero  code  (0000  OddO'tJ^My-^fltW'kiteilng  data 
stored  In  the  registers. 

A  simplified  circuit  of  the  DAC-8143  Is  shown  in  Figure  1.  An  in- 
verted R-2R  ladder  network  consisting  of  silicon-chrome,  thin- 
film  resistors,  and  twelve  pairs  of  NMOS  current-steering 
|vijjjghfs.  Jhese  syiqtches  steg|^l}in;|ril^yjii^^^|)^^  Pijrrents  into 

-inimc   'i^flltji^ii ■         rjHBij         ■'.ft-' f^'l'iv 7*  -i 


6  6  a 

art  (USB)  errs  nts 


  ,    .iC  H-k3'-  ilV 

(8«nTCHEsaHo«M  FOR  Dian)U.iinjTsnmir) 


■  maEiSMiGHes  PBawHsnur  'w 


FIGURE 1 :  Simplified  DAC  Circuit 
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The  DAC-8143  digital  inputs  have  been  designed  with  ESD  re- 
sistance incorporated  through  careful  layout  and  the  Inclusion 
of  input  protection  circuitry. 

Figure  2  shows  the  Input  protection  diodes.  High  voltage  static 
qharges  applied  to  the  digital  Inputs  are  shunted  to  the  supply 
and  ground  rails  through  forward  biased  diodes. 

These  protection  diodes  were  designed  to  clamp  the  inputs  well 
below  dangerous  levels  during  static  discharge  conditions. 


FIGURE  2:  Digital  Input  Protection  of  -  . 

EQUIVALENT  CIRCUIT  ANALYSIS 

Figures  3  and  4  show  equivalent  circuits  for  the  DAC-8143's 
internal  DAC  with  all  bits  LOW  and  HIGH,  respectively.  The  ref- 
erence current  is  switched  to  Iout2  ^ll  data  bits  are  LOW, 
andtolpy.^,  when  all  bits  are  HIGH.  The  I^e^^k^^qe  current  source 
is  the  connbinatlon  of  surface  and  junction  leakages  to  the  sub- 
strate. The  1/4096  current  source  represents  the  constant  1-bit 
current  drain  through  the  ladder's  terminating  resistor. 

Output  capacitance  Is  dependent  upon  the  digital  input  code. 
This  is  because  the  capacitance  of  a  MOS  transistor  changes 
with  applied  gate  voltage.  This  output  capacitance  varies  be- 
tween ttie  low  and  high  values. 


DYNAMIC  PERFORMANCE 
ANALOG  OUTPUT  IMPEDANCE 

The  output  resistance,  as  in  the  case  of  the  output  capacitance, 
varies  with  the  digital  input  code.  This  resistance,  looking  back 
into  the  Iqjj.^,  terminal,  varies  between  1 1  kQ  (the  feedback  re- 
sistor alone  when  all  digital  input  are  LOW)  and  7.5kQ  (the  feed- 
back resistor  in  parallel  with  approximately  30kQ  of  the  R-2R 
ladder  network  resistance  when  any  single  bit  logic  is  HIGH). 
Static  accuracy  and  dynamic  performance  will  be  affected  by 
these  variations. 


-O  "n 


FIGURE  4:  DAC-8143  Equivalent  Circuit  (Alt  Inputs  HIGH) 


The  gain  and  phase  stability  of  the  output  amplifier,  board  lay- 
out, and  power  supply  decoupling  will  all  affect  the  dynamic  per- 
formance of  the  DAC-8143.  The  use  of  a  small  compensation 
capacitor  may  be  required  when  hlgh-speedoperational  ampli- 
fiers are  used.  It  may  be  connected  across  the  amplifiers  feed- 
back resistor  to  provide  the  necessary  phase  compensation  to 
critically  damp  the  output. 

The  considerations  when  using  high-speed  amplifiers  are: ' 

1 .  Phase  compensation  (see  Figures  7  and  8). 

2.  Power  supply  decoupling  at  the  device  socket  and  use  of 
proper  grounding  techniques. 


OUTPUT  AMPLIFIER  CONSIDERATIONS 

When  using  high  speed  op  amps,  a  small  feedback  capacitor 
(typically  5-30pF)  should  be  used  across  the  amplifiers  to  mini- 
mize overshoot  and  ringing.  For  low  speed  or  static  applications, 
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AC  specifications  of  tfie  amplifier  are  not  very  critical.  In  high- 
speed applications,  slew  rate,  settling  time,  open-loop  gain„and 
ig^n/f^^e  margin  specifications  of  the  amplifier  should  be  se- 
^ctetf  for  the  "desired  performance.  It  has  already  been  noted 
that  an  offset  can  be  caused  by  including  the  usual  bias  current 
compensation  resistor  in  the  amplifier's  noninverting  Input  ter- 
minal. This  resistor  should  not  be  used.  Instead;  the  amplifier 
Uiould  have  a  bias  cun^rrt'Whidhi'te  liii^  bv^M  temperature 
range  of  interest.  ,  .>  -.i. 

Static  accuracy  is  affected  by  the  variation  ih'ttteFCMO^ 
resistance.  This  variation  is  best  illustrated  by  usWg'ttIS  ci^it 
of  Figure  5  and  the  equation: 

'VfflR<M  =  Vos(l+^) 


FIGURE  5:  Simplified  Circuit 


Where  ElO.is  a  function  of  the  digital  code,  and  : 

=  1 6kl2  for  more  than  four  bits  of  logic  1 , 

Rq  =  30kQ  for  any  single  bit  of  logic  1 . 

Therefore,  the  offset  gain  varies  as  follows: 
atcode  0011  1111  1111, 

VffiROR,  =  Vos  (l  +  ~)  =  2  Vos 

atcode  0100  0000  0000, 


Vb?RC3R2  =  V0S 


L  lOkQj^ 

\  30kni 


4/3  Vos 


•1^ 


30kn 

The  error  difference  is  2/3  Vpg. 

Since  one  LSB  has  a  weight  (for  V^^p  =  +10V)  of  2j4mV  for  the 
DAC-8143,  it  is  clearly  important  that  V^^  be  minimized,  using 
either  the  amplifier's  nulling  pins,  an  external  nulling  network,  or 
by  selection  of  an  amplifier  with  inherently  low  V^g.  Amplifiers 
with  sufficiently  low  V^g  include  PH^I's  OP-77,  OP-97^OP-07, 
OP-27,  and  OP-42. 


INTERFACE  LOGIC  OPERATION 

The  microprocessor  interface  of  the  DAG-8143  has  been  de- 
signed with  multiple  STROBE  and  LOAD  inputs  to  maximize 
interfacing  options.  Control  signals  decoding  may  be  done  on- 
chip  or  with  the  use  of  external  decoding  circuitry  (see  Figure 
12). 


' .1'-..  :        *        i.;or.i   ■(.ii-i'  o'. 


 A  „      A     LSB   A_e)__A__Ai22. 


*DS1'*DS2'*DS3''dS4 


-A  ■-*DH1'*DH2'*DH3>*» 


WORD  N - 1 


BIT 
MSB 


JUlTlfLJUlJ  ^VLTL 


>SIB1  ""l     h"        I  'S^ 


J  I 


14^ 


LOAD  NEW  12-Brr  WORD 
INTO  INPUT  REGISTER  AND         LOAD  INPUT  REGISTER'S 
SHIFT  OUT  PREVIOUS  WORD       DATA  INTO  DAC  REGISTER 


NOTES: 

*  STROBE  WAVEFORM  IS  INVERTED  IF 
STB,  IS  USED  TO  STROBE  SERIAL  DATA 
BITS  INTO  INPUT  REGISTER. 

"DATA  IS  STROBED  WTO  AND  OUT  OF 
IWMRUt  Wm  REOSIER  USB  FIRST. 


FIGURES:  Timing  Digram 
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Serial  data  is  clocked  into  the  input  register  and  buffered  output 
stage  with  STB, ,  STB,,  or  STB^.  The  strobe  inputs  are  active  on 
the  rising  edge.  STB3  may  t)e  used  yvith  a  falling  edge  clock  data. 

Serial  data  output  (SRO)  follows  the  serial  data  input  (SRI)  by 
12  clocked  bits. 

Holding  any  STROBE  input  at  its  selected  state  (i.e.,  STB,, 
STBj  or  STB^  at  logic  HIGH  or  STB3  at  logic  LOW)  will  act  to 
prevent  any  further  data  input. 

When  a  new  data  word  has  been  entered  into  the  input  register, 
it  is  transferred  to  the  OAC  register  by<asiSilW^^%<itti'LQAD 
inputs. 

The  CLR  input  sdlows  asyne^rbnous  resetting  of  the  DAC  regis- 
terto  0000  0000  0000.  This  reset  does  not  affect  data  held  in  the 
input  registers.  While  in  unipolar  mode,  a  CLEAR  will  result  in 
the  analog  outputgoingto.qX^I>}l3<pQ|ar««^ftb0Qlut^ 
tO-V™  'V'  :-  -ji-,  V  ■::  O-.^. 


INTERFACE  INPUT  DESCRIPTION 

STB,  (Pin  4),  STB  (Pin  8),  STB^  (Pin  11)-  Input  Register  and 
Buffered  Output  Strobe.  Inputs  Active  on  Rising  Edge.  Se- 
lected to  load  serial  data  into  input  register  and  buffered  output 
stage.  See  Table  1  for  details. 

STB3  (Pin  10)  -  Input  Register  and  Buffered  Output  Strobe 
Input.  Active  on  Falling  Edge.  Selected  to  load  serial  data  into 
input  register  and  buffered  output  stage.  See  Table  1  for  details. 

LD,  (Pin  5),  LO2  (PlnS)  -  Load  DAC  Register  Inputs.  Active 
Low.  Selected  together  to  load  consents  pf  input  register  irtto 
DAC  register.  .  .      ^...v  ii  v:r  i-  f 

CLR  (Pin  13)  -  Clear  Input.  AellVe  tow.  Atij^liranouii. 
Whwi  LOW,  1 2-bit  DAC  register  is  forcwiitt)  a.zero  pode  (00()p 
0000  0000)  regardless  of  other  interface  inputs.  ' 


TABLE  1 

:  DAC-81 43  Truth  Table 

*  •■ 

DAC-8143  Logic  Iriputs 

  ,       ,  _,  —j^j^s^^p^,^ 

Input  Register/ 
Digital  Output 

Control  Inputs 

DAC  Register 

Control  Inputs 

DAC-8143  Operation 

4  I 

Nolflsj 

■-STB4,  ; 

STB, 

STB, 

0 — » 

1 

0 

I. 

X 

Serial  Data  Bit  Loaded  from  SRI 

o  -  b 

f 

§ 

0 

X 

X 

X 

.  into  Input  Register  and  Digital  Output 
(SRO  pin)  after  1 2  dSckedMSr 

2,3^ 

\ 

0 

0 

X 

X 

X 

i" 

1 

0 

0 

X 

X 

1 

X 

X 

X 

X 

0 

X 

X 

No  OperaHon  (Input  Register  and  SRO) 

3 

X 

X 

1 

X_ 

X 

X 

X 

1 

Reset  DAC  Register  to  Zero  Cocle 
-X.  X    .    (Code:  0000  0000  0000) 

^Asynchronous  Operation) 


..X 


Nd'QperaiiOh  0^  Register  and  SRO) 


Load  DAC  Register  with  the  Contents 

of  Input  Register 


1,3' 


1.  CLR=0asynchronaislyiBS*IBDACneai8t8rtoO0aO()0eoa0O0,MiiaBno«^ 
on  Input  Register. 


2.  SenaldataisloadedintolnpiJtRegisterMSBIIist,anedgesshawn.  /ispositlv^ 
edge,  \  is  negative  edge.  ] 

3.  -0^  LpgiG  LOW,  1  -  Li^  HIGH,  X = Doni  Care. 
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APPLICATIONS  INFORMATION 

UNIPOLAR  OPERATON  (2-QUADRANT) 

The  circuit  shown  in  Figures  7  and  8  may  be  used  with  an  AC  or 
DC  reference  voltage.  The  circuit's  output  will  range  between  OV 
and  +10(4095/4096)V  depending  upon  the  digital  input  code. 
The  relationship  between  the  digital  Input  and  the  analog  output 
is  shown  in  Table  2.  The  V^gp  voltage  range  is  the  maximum 
input  voltage  range  of  the  op  amp  or  ±25V,  whichever  is  lowest. 


-10V 


0AC-S143  2 
8-11  3 


•-SRO 
nUITERED 

— f—imann. 


^AlIK^.  'IJiilpolar  Operation  with  High  Aoewa^  Op  Amp 
(2-Quadranty  :  , 


DAIAI^  ^ 


FIGURE  8:  Unipolar  Operation  with  Fast  Op  Amp  and  Gain 
Error  Trimming  (2-Quaelrant) 


In  many  applicatlonSrttieDAC-6143's  zero  scale  error  and  low 
gain  error,  permit  the  elimination  of  external  trimming  compo- 
nents without  adverse  effects  on  circuit  performance. 

For  applications  requiring  a  tighter  gain  error  than  0.024%  at 
25°C  for  the  top  grade  part,  or  0.048%  for  the  lower  grade  part, 
the  circuit  In  Figure  8  may  be  used.  Gain  error  may  be  trimmed 

The  DMB  rS^istertTn^Hirst  be  kmdui  Wh  all  ts.  is  then 
adjusted  until  V-^y  ^--V„gp  (4095/4096).  In  the  case  of  an  ad- 
justable Vpgp  R,  and  Rpeedback  omitted,  with  V„gp 
adjusted  to  yield  the  desired  full-scale  output. 


TABLE  2:  Unipolar  Code  Table 


DIGITAL  INPUT 


NOMINAL  ANALOG  CXJTPUT 


MSB 


LSB 


(VouT* 
In  Figures  7  and  ^ 


1111     1111  1 


-Vref  i^sss 

U096 


1000      0000  0001 


-Vref  (2049) 
U096' 


1000     0000     0000       -Vref  (22^)  =  -^^ 

\4096 '  2 


0  111 


1111  1111 


-VrefM 
U096' 


0000      0000  0001 


-Vref(-^) 
U096' 


000  0  0000  0000  '^'^^''{4^)^° 
NCAeS: 

1.  Nominal  full  scale  for  the  cireuKs  of  Figures  7.and  8  Is  glwn  by 
FS^Vref(*S95) 

2.  Nominal  LSB  magnitude  for  tfie  circuits  of  Hgutes  7  and  8  Is  given  by 
LSB=VteF(ji^orVREF(2-") 
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COMMON  GROUND 
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FIGURE  9:  Bipolar  Operation  (4-Quadrant,  Offset  Binary) 


BIPOLAR  OPERATION  (4-QUADRANT) 

Figure  9  details  a  suggested  circuit  for  bipolar,  or  offset  binary 
operation.  Table  3  shows  the  digital  input-to-analog  output  rela- 
tionship. The  circuit  uses  offset  binary  coding.  Two's  comple- 
ment code  can  be  converted  to  offset  binary  by  software  inver- 
sion of  the  iWSB  or  by  the  addition  of  an  external  inverter  to  the 
MSBintput. 

Resistor  R^,  R^,and  must  be  selected  to  match  within  0.01%' 
and  must  all  be  of  the  same  (preferably  metal  foil)  type  to  assure 
temperature  coefficierit  hnatch.  Mismatching  between  Rj  and  R^ 

causes  offset  and  full-scale  error. 

Calibration  is  performed  by  loading  the  DAC  register  with  1000 
COCO  0000  and  adjusting  until  Vq^.^  =  OV.  R,  and  may  be 
omitted  by  adjusting  the  ratio  of  Rj  to  R^  to  yield  ^qijj  =  OV.  Full 
scale  can  be  adjusted  by  loading  the  DAC  register  with  1111 
1111  1111  and  adjusting  either  the  amplitude  of  V„j:_  or  the 


DAISY-CHAINING  DAC-8143S 

Many  applications  use  multiple  serial-input  DACs  that  use  nu- 
merous inter-connecting  lines  for  address  decoding  and  data 


TABLE  3:  Bipolar  (Offset  Binary)  Code  Table 


DIGITAL  INPUT 

NOMINAL  ANALOG  OUTPUT 

MSB 

LSB  i  - 

(Vq^.^  as  shown  In  Hguie  9) 

1111 

1111 

1111 

10  0  0 

0  0  0  0 

0  0  0  1 

+  Vhef(— !—) 

1  0  o_a 

_Q  QJQJD 

aAO  0 

0 

0  111 

1111 

1111 

0  0  0  0 

0  00  0 

0  0  0  1 

0  0  0  0 

0  0  0  0 

0  0  0  0 

-Vref(2048,) 
V2048/ 

NOTES: 

1 .  Nominal  full  scale  for  the  circuits  of  Rgure  9  is  given  by 

2.  Ntominal  LSB  magnitude  for  the  diEUlts  Of  Rguie  9  Is  givanby 
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lines.  In  addWoh,  they  use  some  type  of  buffering  to  reduce 
l§ycKn0  bnttfe  bus.  Tti'e'DA0-8143  ts  ldeal  for  just  such  an  appli- 
cation. It  not  only  reduces  the  number  of  inter-connecting  lines, 
but  also  reduces  bus  loading.  The  DAC-8143  can  be  dalsy- 
c^|ined,]((ith  opiy  tl\reejnes:  onejl^ta  line,  grve  CLK  line,  an0 
one  Load  line^.see  Bgura^lO,, ->'  kVi  '  ■  . 
ANALOG/DIGITAL  DIVISION 

The  transfer  function  for  the  DAC-81 43  connect  in  thp  multiply- 
inamode  as  shown  in  Figures  7  and8.,i^:  i! nc    p  ■  .    ,  - 


Vo=-V,n(^+*^+^+...^) 


Where  Ay  assiMies  a  ^ue  df  t  ^  an  "ON'*M  and  0  for  an  'OFP , 

bit.         •  -     -  ■  !     r  I 

The  transfer  function  Is  modified  when  the  DAC  Is  connected  In 
ttie  feedback  of  an  operational  amplifier  as  shown  In  Figure  1 1 
and  Is: 


Vo=  I 


-ViN 


Ai 


A2 

o2 


A3 

o3 


Al2 
■  o12 


The  above  transfer  function  is  the  division  of  an  analog  voltage 
(Vpgp)  by  a  digital  word.  The  amplifier  goes  to  the  rails  with  all 
bits  "OFF"  since  division  by  zero  is  Infinity.  With  all  bits  "ON"  the 
gain  Is  1  (±1  LSB).  The  galMbsdomes  4098  with  the  LSB,  bit  1 2, 
X>H".  "  '  • 

APPLICATION  TIPS 

In  most  applications,  linearity  depends  upon  the  potential  of 
'ouTr  'ouT2'  ^""^  AGND  (pins  1 ,  2  and  3)being  exactly  equal  to 
each  other.  In  most  applications,  the  DAC  is  connected  to  an 
external  op  amp  with  its  noninverting  input  tied  to  ground  (see 
Figures  7  and  8).  The  amplifier  selected  should  have  a  low  input 
bias  current  and  low  drift  over  temperature. The  amplifier's  input 
offset  voltage  should  be  nulled  to  less  than  ±200nV  (less  than 
10%of  1  LSB). 

The  operational  amplifier's  noninverting  input  should  have  a 
minimum  resistance  connection  to  ground;  the  usual  bias  cur- 
rent compensation  resistor  should  not  be  used.  This  resistor  can 
cause  a  variable  offset  voltage  appearing  as  a  varying  output 
error.  All  grounded  pins  should  tie  to  a  single  common  ground 
point,  avoiding  ground  loops.  The  V^^  power  supply  should 
have  a  low  noise  level  with  no  transients  greater  than  +1 7V. 

It  is  recommended  that  the  digital  inputs  be  taken  to  ground  or 
Vqq  via  a  high  value  (1  Ma)  resistor;  this  will  prevent  the^accu- 
niuiatlon  of  static  charge  if  ttie  PC  card  Is  disconnected  froitf  the 
System. 

Peak  supply  current  flows  as  the  digital  Input  pass  through  the 
transition  region  (seetheSupply  Current  vs.  Logic  Input  Voltage 
graph  under  the  Typical  Performance  Characteristics).  The 
supply  current  decreases  as  the  Input  voltage  approaches  the 
supply  rails  (Vqq  or  DGND),  I.e.,  rapidly  slewing  logic  signals 
thatsettleverynearthesupply  rails  wlliminimtresttpply«urrent. 
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FIGURE  10:  Multiple  DAC-8143S  with  3-Wire  Interface 
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FIGURE  11:  An^^g/Digital  Divider 
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OAC-8143  INTERFACE  TO  THE  SCffiS  . 


if«  shown  in  Figure  12,  the  .DAC-81 43  may  be  interfaced  to  the 
6800  by  successively  executing  memory  WRITE  instruction 

^1110  manipulating  the  data  between  WRITES,  so  that  each 
RITE  presents  the  nis&  bit.  J 

In  this  example,  the  most  significant  bits  are  found  in  memory 
locations  0000  and  0001 .  The  four  MSBs  are  found  in  the  lower 
half  of  0000,  the  eight  LSBs  in  0001 .  The  data  id  taken  ftom  the 
DBj  line. 

The  serial  data  loading  Is  triggered  by  STB^  which  is  asserted  by 
a  decoded  memory  WRITE  to  a  memory  location,  R/W,  and  <t>2. 
A  WRITE  to  another  address  location  transfers  data  from  input 
register  to  DAC  register. 


The  DAC-6143's  interface  to  the  SOSS  mic^rooesGogls  shoi^n 
in  Figure  13.  Note  that  the  microprocessorisSOD  line  is  use^#' 
present  data  serially  to  the  DAC. 

Data  is  Strobed  into  the  DAC-81 43  by  executing  memory  write 
instructions.  The  strobe  2  input  is  generated  by  decoding  an  ad" 
dress  location  and  WR.  Data  Is  loaded  iritothe  DAC  register  with 
a  memory  write  Instruction  to  another  address  location. 

Serial  data  supplied  to  the  DAC-81 43  must  be  present  in  the 
right-justified  format  in-i^iMsrs  H  and  L  of  the  mieropntcessoif:' 
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OB, 


iuitaddhess 


74LS13a  < 
ADDRESS 
DECODER 


Urr  DATA  BUS 


SRI 

LDj  STBi> 

§ni 

DAC-8143* 

STB2 

SR( 

STB4 

ELR  J 

'  ANALOG  CtRCUmiY  OMITTED  FOR 


8085 

ALE 
WR 

SOD 

8212 

— '  »5VO  

E,    *0  Ai 

74LS138 
E3  ADDRESS 
.  DECODER 

1  1 

1-7 

(8)  AD 

DATA  ' 

i_  i  , 

SRI    LDj  STBjX 

+5VO  

STB,  \ 
STBi  DA&4143' 
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FROM  SYSTEM  RESET  ' 

'  ANALOG  CIRCUTTRY  OMITTED  FOR  SIMPUCITV 


FIGURE  1 2:  DAC-81 43  -  MC6800  Interface 


FiGUREIS:  DAC-81 43  -  8085 Interface 


DAC-81 43  INTERFACE  TO  THE  68000 

Figure  1 4  shows  the  DAC-81 43  configured  to  the  68000  micro- 
processor. Serial  data  input  is  similar  to  that  of  the  6800  in  Fig- 
ure |2. 
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DAC-8221 


FEATURES 

•  TwoMatched12-BitDACsonOneChip 

•  Packaged  in  a  Narrow  0.3"  24-Pin  DIP 

■  Direct  Parallel  Load  of  AII1 2  Bits  for  High  DataThroughput 

•  On-Chip  Latches  for  Both  DACs 

•  1 2-Bit  Endpont  Linearity  (±1 12  LSB)  Over  Temperature 

•  +5VtO'f15V  Single  Supply  Operation 

•  DACs  Matched  to  0.2%  Typically 

•  Four-Quadrant  Multiplication 

•  Improved  ESD  Resistance 


Available  in  Die  Fom 


APPLICATIONS 

*  Automatic  Test  Equipment 
■  Industrial  Automation 

*  Robotics/Process  Control 

*  Programmable  Instrumentation  Equi 

*  Digital  Gain/Attenuation  Control 

ORDERING  INFORMATION  * 


PACKAGE 


RELATIVE        GAIN  MILITARY* 
ACCURACY      ERROR  TEMPERATURE 
(■fSVortlSV)  -55°Cto-t125°C 


INDUSTRIAL  COMMERCIAL 
TEMPERATURE  TEMPERATURE 
-40"Cto+85°C  0Xto+70°C 


>1/^LSB  ±1LSB 

ilALSB  X2LSB 

±1  LSB  *4USB 

-*1LSB  a4LSB 


OAC8221AW  PAC8221EW 

DAC8221G»> 

.    -  [MC8221FW  DAC8221HP 

:'   -  DAC8221FP  IMC8221HStt 


*  Far  devices  processed  in  total  compliance  to  MIL-SDT-883,  add  /883  after  part 

,  number.  Consult  factory  for  883  data  siieet. 
t  ' ''Bum-in  l8  available  on  commercial  and  industrial  temperature  range  parts  in 

CerDIP,  plastic  DIP,  and  TO-can  packages, 
tt  For  availability  and  Ixim-ln  information  on  SO  and  PLCC  packages,  contact 
^^ur  local  (defiKcti 

Oft-  -  ,'  ■'  . 


GENERAL  DESCRIPTION 

The  DAC-8221  combines  two  identical  12-bit,  multiplying,  digital- 
to-analog  converters  into  a  single  CMOS  chip.  This  device  is 
electrically  similar  to  DAC-8212  with  improved  microprocessor 
interface  timing  and  is  packaged  in  a  narrow  0.300"  DIP.  Mono- 
lithic construction  offers  excellent  DAC-to-DAC  matching  and 
tracking  over  the  full  operating  temperature  range.  The  DAC- 
8221  consists  of  two  thin-film  R-2R  resistor-ladder  networks, 
two  12-bit  data  latches,  one  12-bit  input  buffer,  and  control 
logic.  The  DAC-8221  operates  on  a  single  supply  from  +5V  to 
-I-15V.  Maximum  power  dissipation  with  OV  and +5V  logic  levels 


and  a  -f-5V  supply  is  less  than  O.StpW.  The  OAC-8221  is  manu- 
factured using  PMI's  highly-stable,  thin-film  resistors  on  an 
advanced  oxide-isolated,  silicon-gate,  CMOS  process.  PMI's 
improved  latch-up  resistant  design  eliminates  the  need  for 
external  protective  Schottky  diodes. 

Acommon  12-bit  (TTL/CMOS  compatible)  input  port  is  used  to 
load  a  12-bit-wide  word  into  either  of  the  two.DACs.  This  port, 
whose  data  loading  is  similar  to  that  of-e<RAM's  write  cycle, 
interfaces  directly  with  most  12-t>it  or  wi^tkus  systems.  Witt. 
VyFl.and  C8  lir)etM>t  logic  LOW,  the  input  d^registefs  are  tram: 
^uffl^Jhts  allows  direct  untHigip!^dB|g|j(»  fk!9w  dijiect^  to  the 
DAC  output  selected  by  DAC  A^A&  B  control  input.  For 
applications  requiring  double-buffering,  see  the  DA08222. 

PIN  CONNECTIONS 


aqnd[T 

DaND|T 

-  tmt^ 
oa»{T 

DB7[ra 
086  [n 


0.3"  CERDIP 
(W-Suffix) 

24-PIN 
EPOXY  DIP 
(P-Suffix) 


HJJta.  





IB]  DB2  tt^r 


^4-PIN  SOL 
—  ^J^Suffix) 
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ABSOLUTE  MAXIMUM  RATINGS 

(T^  = +25°C,  unless  otherwise  neiSBa)  "' 

VootoAGND  OV,  +17V 

V-ntoDGND  OV,  +17V 

AGNDto  DGND  -0.3V,  V^^  +0.3V 

Digital  Input  Voltage  to  DGND  -0.3V,  V^^  +0.3V 

'out  a.  'out  b  t°  AGND  -0.3V,  V^^  +0.3V 

VpEFA.VpEPBtoAGND  *25V 

Vrpba.Vppbb»°AGND  ±25V 

Operating  Temperature  Range 

AW  Version  -55°C  to  +125°C 

EW,  FW,  FP  Versions  -40°C  to  +85''C 

GP,  HP,  HS  Versions  -O'C  to  +70°C 

Junction  Temperature  +1 50C 

Storage  Temperature  -65°C  to  +1 50°C 

Lead  Temperature  (Soldering,  60  sec)  +300°C 


PACKAGE  TYPE 

,  _  e,,(MffrEn 

UNITS 

24-Pln  Hermetic  DIP  (W) 

69 

10 

"C/W 

24-Pin  Plastic  DIP  (P) 

62 

32 

•CM 

24-Pln  SOL  (S) 

72 

24 

°c/w 

NOTE: 

1 .  e.^  Is  speclfled  for  worst  case  mounting  conditions,  I.e.,      is  specified  for 
ae>flce  In  socket  for  CerDIP,  and  P-DIP  packages;      Is  specified  for  device 
soldered  to  printed  circuit  board  for  SOL  package. 

1 .  f3o  no  apply  voltages  higher  than  Vq  q  or  less  than  GND  potential  on  any  terml- 
nal  eneepl    ^  P  and  Rp  g. 

2.  The  digital  control  inputs  are  zener-prolected;  however,  permanent  damage 
may  occur  on  unprotected  units  from  high-energy  electrostatic  fields.  Keep 
units  in  condudhn  foam  at  aN  tknas  upljl  ready  to  use. 

3.  Do  not  Insert  this  device  Into  powered  sockets;  remove  power  tiefore  Insertion 
or  removal. 

4.  Use  proper  anti-static  handling  procedures. 

5.  Stresses  above  those  listed  under  'Absolute  Maximum  Ratings'  may  cause 
permanent  damage  to  the  device.  This  Is  a  stress  rating  only  and  functloRal 
operation  at  or  above  this  specificatlan  Is  not  Implied. 


ELECTRICAL  CHARACTERISTICS  at  V^^  =  +5V  or  -H 5V,  V^^^  ^  =  V^^^  g  =  +1  OV,  Vq^^ ^  =  Vo^^^a OViAGND  =  DGND  =  OV; 
T^  =  Full  Temp.  Range  specified  In  Absolute  Maximum  Ratings;  unless  otherwise  noted.  Specifications  apply  for  OAQ  Aand  DAC  B. 


PARAMETER 

SYMBOL 

F 

'CONDITIONS 

MIN 

DAC-8221 
TYP 

MAX 

UNITS 

STATIC  ACCURACY 

Resolutian 

N 

^12 

Bits 

RelalivaAtxuracy 

INL  - 

'Endpolnt  Linearity  Error 

bAC-8221A/E/G 
DAC-8221B/P/H 

xO.2 
±0.4 

±1/2 
±1 

LSB 

Dlflersn<^'^i«tel§ 

•  i  ^iV-lIT^) 

ONL 

All  Grades  are  Monotonlc 

*0.2 

±1 

LSB 

Full  Scale  Qain  Error 
(Note  1) 

<5f8E 

DAC-8221A« 

DAC-8221G 

DAC-8221B/F/H 

1 

±0.1 
±0.4 
±0.6 

±1 
±2 
±4 

LSB 

Gain  Temperature 
Coefficient 
AGain/ATemparatuis 

(Notes  2, 7) 

.A  i!0.<ii!ri  l/J "1".  ■": 

""'        1!;  s      iMn- '-'  ■  ■  1,-  1 

±2 

±5 

ppm/°C 

Output  Leakage  Current 

'out  A  (Pi" 

Ioutb(P'"2*) 

'lkq 

All  Digital  Inputs  = 
00000000  0000 

T^  =  +25-C 

T^  >  Full  Temp.  Range 

i1 
±2 

«10 

±50 

nA 

Input  Resistance 
("ref  A'  "ref  b) 

"bef 

(Note  9) 

8 

22 

15 

ko 

Input  Resistance  Match 
Cref  A  "ref  b' 

.^REF 

±0.2 

±1 

% 

DIGITAL  INPUTS 

j-j:^  - 

. , .-.  -  — 1  w  ..  -  -  - 

Digital  Input  High 

.  .*  \^tl  ,    ,  - 
 ^  ■  "  '        '^V'  -'  ^ 

-£  '.  '  '  '  '•• 

V 

Digital  Input  Low 

V 

a* 

1.S 

V 

Input  Current 

l|N 

V,N  =  OVorVoo 
andV,„^orV,„„ 

T^«+2B*0           '  ■ 
\  •  FulPteitip.  Jtangi'  '^  ' 

±o:ooe 

*0.1 

±1 

±10 

M* 

Input  Capacitance 

DB0-DB11 

10 

(Note  2) 

'WR,CS.DACA/DACB 

15 

PF 
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ELECTRICAL  CHARACTERISTICS  at     ^  =  +5V  or  +1 5V,  Vp^g^  ^  =  V^gp  g  =  +1 OV,  V^^j^  ^  =  V^^j^.  ^  =  OV;  AGND  =  DGND  =  OV; 

=  Full  Temp  Range  specified  In  Absolute  Maximum  Ratings;  unless  otherwise  noted.  Specifications  apply  for  DAC  A  and  DAC  B. 
Continued 


DAC-8221 

PARAMETER 

■  V-  stmoL 

CONDITIONS 

MIN  TYP 

MAX 

UNITS 

POWER  SUPPLY 

All  Digital  Inputs       or  7,^^, 

1 

2 

mA 

Supply  Cmrant 

>DD 

All  Digital  inputs  OV  or  Vqq 

2 

100 

DC  Power  Supply 

Rejection  Ratio 

PSRR 

AV„  =  *5%  5,3.-, 

0.002 

%/% 

(&Galn/&Voo) 

ca  . 

AC  PERFORMANCE  CHARACTERISTICS  (Note  2)  _ 

Propagation  Delay 

(Notes  4,  5) 

.'<  -"j^.  •mi;-  -L';. 
T^  « -tZS'C 

350 

1 

na 

Current  Settling  Time 
,  (Notes  5, 6) 

«. 

T^  =  +25'C 

0.4S 

1 

''OITTA 

DAC  Latches  Loaded 

30 

90 

Output  Capacitance 

''OUTB 

with  0000  0000 0000 

60 

120 

pF 

120 
90 

"  u  u  r  b 

60 
iO 

f=  100kHz;  T^  =  -i-25'C 

 J 

AC  Feedthrougti  at 

 FTi-  - 

 ^  

'out  A  "ilouT     ■  ■ 

VHEFB'°loUTB:VHEFB  =  20V,f 

f=rOOkH«,T.  =  +25»C  .    ,    .  -> 

— j»q —  

"■.-=i' 

~  c  _     .  .=  _3TII«ljg«3Tf!3".  ' 

SWITCHING  CHARACTERISTICS 

(Notes  2,  3) 

*2S°C 

-)0°C  TO  -tSS'C 

-55"C  TO  t^2S°C 

ALL  TEMPS 

(Note  8) 

(Note  10) 

Chip  Select  to 

130 

160 

-  160 

TO 

nsMIN 

Write  Set-Up  Time 

'c8 

Chip  Select  to 

•oh- 

nsMIN 

Write  Hold  Time 

0 

0 

  0  - 

0 

DAC  Select  to 

tao 

140 

 fc-  --.  1  all-."  ' 

'  180 

70 

nsMIN 

Write  Set-Up  Time 

'as 

DAC  Select  to 

nsMIN 

Write  Hold  Time 

'ah 

0 

0 

0 

0 

Data  Valid  to 

 BO 

Write  Set-Up  Time 

'ds 

190 

210 

220    "  ■ 

'  rlsMIN^ 

Data  Valid  to 

Write  Hold  Time 

'oh 

0 

0 

0 

10 

nsMIN 

Write  Pulse  WIdlii 

140 

180 

170 

90 

nsMIN 

NOTES: 

1 .  Measured  using  internal  Rf.g  ^  and  R^^  g.  Both  DAC  digital  b]|)|to.s_ 
1111  1111  1111. 

2.  Q&^Brit«dd  and  not  tested. 

3.  See  timing  diagram. 

4.  From  50%  of  digital  input  to  90%  of  final  analog  output  current  V^gp  ^  ■ 
Vpgp  g  =  +1  OV:  OUT  A,  OUT  B  load  =  1 0OQ,  CgxT  =  iSpf"- 

5.  ^rM»W;DB0-DB11  >CP/toVQQVVgQto'W^ 


6.  Settling  time  is  measured  from  50%  of  the  digital  input  change  to  where  0ie 
output  voltage  settles  within  1/2  LSB  of  full  scale. 

7.  Gain  TC  is  measured  from  +25'C  to  T^,^  or  from  +25*'C  to  T^^j^. 

8.  These  limits  apply  for  the  commercial  and  industrial  grade  products. 

9.  Absolute  temperature  coefficient  is  approximately  +50ppm/°C. 

10.  These  limits  also  apply  as  typical  v^ues  for  V^^  =  +12V  with  +  5V  CMOS 
logfctevel8andTj^k+2S^  - 
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DICE  CHARACTERISTICS 


DIE  SIZE  0.124  X  0.132  Inch,  16,368  sq.  mils 
(3.15  X  3^  mm,  10.55  sq.  mm) 


■IV  ■      t  *' 

WAFER  TEST.J.IMITS  at  Vdd = 

+5V  or  +15V.  Vref  A=  Vref  b = +1W,  Vqut  a 

=  VouT  B  =  OV;  AGND  =  DGND  = 

OV;Ta=^^°C. 

PARAMETER 

SYMBOL  CONDITIONS 

LIMIT 

UNITS 

Relative  Accurtic^  * 

'  'tNL  '  ' 

Ehipeihtilnearity  Error 

±1 

LSBMAX 

Differential  Nonllnearlty 

DNL 

All  Grades  are  Guaranteed  Monotonic 

±1 

LSBMAX 

Full  Scale 

 Gfk^- 

Digital  Inputs  =  1111  1111  1111   

    - 

LSBMAX 

Gain  Error  (Note  1) 

Output  Leakage 

Digital  inputs  =  0000  0000  0000 

lis' 

  -±w  — 

nA  MAX 

('out  A'  'outb) 

-IlKG 

Pacto2and24 

Input  Resistance 

Rref 

 3?  ^  

 Pad*  4  and  22- 

  arts 

kilMIN/ 

(Rrefa-  Rrefb) 

kOMAX 

RrEFAi  RrEF  B'"P"t 

^Rref 

-                      ±1  - 

-  %MAX-- 

Resi^RTce  Hatch 

Rref 

Digital  Input 

V|NH 

Vdd  =  +5V 

2.4 

-_VMI|ll^- 

High 

Vdd  =  +15V 

13.5 

.  fv-'  .   -.-'r  ^ 

Digital  Input 

VlNU 

Vdd  =  +5V 

0.8  " 

VMAX 

Low 

Vdd  =  +15V 

1.S 

Digital  input 
Current 

l|N 

ViN  =  OV  or  Vdd:  ViNLor  V.nh 

+1 

liAMAX 

Supply  Current 

'dd 

Alt  Digital  Inputs  Vi^jl  or  Vi^h 
All  Digital  Inputs  OV  or  Vdd 

2 

0.1 

DC  Supply  Rejection 
(AGaln/AVoo) 

PSRR 

AVop  =  ±5% 

 J  n  .A  -     "  ■ — l^li.'  

0.002 

1.   Measured  using  internal  RpQ^^n^  ^fbb- 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  sfiown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not  gioranteed 
for  standard  product  dice.  Consult  factory  to  negotiate  spMiflcations  bas«l  on  dice  lot  qualification  through  sample  lot  assembly  and  testing. 


^3^^  BtQn:^L-TQrAt^ALOGCONyERTgRS 
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TYPICAL  PERFORMANCE  CHARACTERISTICS  v 


CHANNEL-TO-CHANNEL 
MATCHING  (DAC  A  &  B 
ARE  SUPERIMPOSED) 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


FUCL^CALE  GAIN  ERROR 
vs  TEMPERATURE 
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VOLTAGE  vs  SUPPLY 
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SUPPLY  CURRENT 
vs  TEMPERATURE 
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MULTIPLYING  MODE 
SUPPLY  CURRENT  vs  FREQUENCY  RESPONSE 

LOGIC  INPUT  VOLTAGE  vs  DIGITAL  CODE 
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BURN-IN  CIRCUIT 


NOTES: 

1.  CI  =  C2  4.7^,F  TANTALUM,  50V  DC,  EVERY  10TH  DEVICE. 

2.  C3=  C4  0.01pF  CERAMIC,  50V  DC;  EVERY  10TH  DEVICE. 

3.  «M-JII!SIRBWLrO«|THSIAND,15Q^C.  'Ij 


+15V±0.5V 
Q 


WftiTECYCi,ij 


-.0  srll  m.ii;  aku 


DACX/B 


-Vbo 


NOTES: 

1.  ALL  INPUT  SIGNAL  RISE  AND  FALL  TIMES 
MEASURED  FROM  10%  TO  90%  OF  Vpt 
Voo-'t'SV,l,-t,  =  20nK 


PARAMETER  0EF?lMltlbNS--:    "  -  t'^ 

Resolution  (n) 

the  resolution  of  a  DAC  is  the  number  of  states  (2")  that  the 
full-scale  range  (FSR)  is  divided  (or  resolved)  irto;  where  n  is 
equal  to  the  number  of  bits. 

RELATIVE  ACCURACY  (INL) 

Relative  accuracy,  or  integral  nonlinearity,  is  the  maximum 
peviation  of  the  analog  output  (from  the  ide|t||  frorri  astraight 


line  drawn  between  the  end  points.  It  is  expressed  in  terms  of 
least  significant  bit  (LSB),  or  as  a  percent  of  full  scale. 

DIFFERENTIAL  NONLINEARITY  fJSSfiL}  { 
Differential  nonlinearity  is  the  worst  cgse  tJewiation  of  any- 
adjacent  analog  output  from  the  ideal  step  size.  The 
deviation  of  the  actual  "step  size"  from  the  ideal  step  size  of  1 
LSB  is  called  the  differential  nonlinearity  error  or  DNL.  DACs 
with  DNL  greater  than  ±1  LSB  may  be  nonmonotonic.  ±1/2, 
LSB  INL  guarantees  rridhotonlclty  and  ±1  LSB  mMmuMi 
DNL.  J 

GAIN  ERROR  (GpsE) 

Gain  error  is  the  difference  between  the  actual  and  the  Ideal 
analog  output  range,  expressed  as  a  percent  of  full-scale  or 
in  terms  of  LSB  value.  It  is  the  deviation  in  slope  of  the  DAC 
transfer  characteristic  from  Ideal. 

Refer  to  PM1 1990/91  Data  Book,  Section  1 1 ,  for  additional  digi- 
tal-to-analog converter  definitions. 

GENERAL  CIRCUIT  DESCRIPTION 
CONVERTER  SECTION 

The  DAC-8221  incorporates  two  multiplying  12-bit  current 
output  CMOS  digital-to-analog  converters  on  one  monoli- 
thic chip.  It  contains  two  highly-stable  thin-film  R-2R  resistor- 
ladder  networks,  two  12-bit  DAC  registers,  and  one  12-bit 
input  buffer.  It  also  contains  the  DAC  control  logic  circuitry 
and  24  single-pole,  double-throw  N»0S  transistor  current 
witefteat.<Pi.j.-         if,.     ■.:?  v- 
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transistor  switches  for  a  single  DAC.  R  is  typically  11  kn.  The 
transistor  switches  are  binarily  scaled  in  size  to  maintain  a 
constant  voltage  drop  across  each  switch.  This  presents  a 
constant  current  load  to  Vr^p  so  that  it  can  be  driven  by  a 
reference  voltage  or  current,  AC  or  DC  (positive  or  negative). 
It  Is  recommended  that  a  low  temperature-coefficient  exter- 
nal RpB  resistor  be  used  If  a  current  source  is  employed. 
Figure  2  shows  a  single  NMOS  transistor  switetK-  i 

■]  FIGURE  Ir^OipMlsa  D/A  Circuit 


0B11  DB10  0B9 
(MSBI  _ 


OBI  DBO 
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i^lGURE  2:  N-Channel  Current  Steering  Switch 
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The  binary-weighted  currents  are  switched  between  Iqut 
and  AGND  by  the  transistor  switches.  Selection  between 
Iqut  and  AGND  is  determined  by  the  digital  input  code.  It  is 
important  to  keep  the  voltage  difference  between  lour^rid 
AGND  terminals  as  close  to  zero  as  practical  to  preserve  data 
sheet  limits.  It  is  easily  accomplished  by  connecting  the 
DAC's  AGND  to  the  noninverting  input  of  an  operational 
amplifier  and  Iquj  to  the  inverting  input.  The  amplifier's 
feedback  resistor  can  be  eliminated  by  connecting  the  op 
amp's  output  directly  to  the  bj»!C^sftpBte'''"lnal  (by  using  the 
DAC's  internal  feedback  resistor,  Hj^,  See  Figure  6.  The 
amplifier  also  proviGles  the  current-to-voltage  conversion  for 
thb  DAC's  output  current. 

TNioutputvoltage  is  dependent  on  VREpand  the  digital  input 
ciWe  and  (s  given  by:  •  i 

VotrTT^-VREFXD/4096  . 

where  D  Is  the  digital  input  code  integer  number  that  4s 
between  0  and  409S. 


and  varies  from  90pF  (all  digital  inputs  low)  to  120pF  (all 
digital  inputs  high). 

To  ensure  accuracy  over  the  full  operating  temperature 
range,  a  permanently  turned  "ON"  MOS  transistor  switch 
was  included  in  series  with  the  feedback  resistor  (Rpg)  arid 
the  R-2R  ladder's  terminating  resistor  (see  Figure  1).  The 
gates  of  these  NMOS  transistors  are  internally  connected  to 
Vopand  will  be  turned  "OFF"  (open)  when  Voois  not  applied. 
If  an  op  amp  uses  the  DAC's  Rpg  resistor  to  close  its  feedback 
loop,  then  Vpomust  be  applied  before  or  at  the  same  time  as 
the  op  amp's  supply;  this  will  ensure  that  the  op  amp's  feedback 
loop  will  not  be  "open-circuited"  and  swing  to  either  rail.  In 
addition,  some  applications  require  the  DAC's  ladder  resist- 
ance to  fall  within  a  certain  range  and  are  measured  at  incom- 
ing it^spection;  Vqu  must  be  applied  before  these  measure- 
ments can  be  made. 

DIGITAL  SECTION 

The  DAC-8221's  digital  inputs  are  TTL  compatible  at  Vdd  = 
+  5V  and  CMOS  compatible  at  Vdd  =  +15V.  They  were 
designed  to  convert  TTL  and  CMOS  input  logic  levels  into 
voltage  levels  that  will  drive  the  internal  circuitry.  The  DAC- 
8221  can  use  +5V  CMOS  logic  levels  with  Vdd  =  +  12V;  how- 
ever, supply  current  will  rise  to  approximately  5-6mA. 

Figure  3  shows  the  digital  input  structure  for  one  bit.  This 
eircuit.  drives  the  DAC  register.  DigM-CQBlrols  ^  and  f 
shown  are  generated  from  the  DA^»  input  ceMraf  logic! 
circuitry. 

The  digital  inputs  are  electrostatic-discharge  (ESD)  pro- 
tected with  two  internal  distributed  diodes  as  shown  In  Figure 
3;  they  are  connected  between  Vdd  and  DGND.  Each  input 

has  a  typical  input  current  of  less  than  InA. 

The  digital  inputs  are  CMOS  inverters  and  draw  supply  cur- 
rent when  operating  in  their  linear  region.  Using  a  +5V 
supply,  the  linear  region  is  between  +1.2V  to  +2.8V  with 
current  peaking  at  +1.8V.  Using  a  +15V  supply,  the  linear 
region  is  between  +  1.8V  to  +  12V  (current  peaking  at  +3.9V). 
It  is  recommended  that  the  digital  inputs  be  operated  as  close 
to  the  power  supply  voltage  and  DGND  as  is  practically 
possible;  this  will  keep  supply  currents  to  a  minimum.  The 
DAC-8221  may  be  operated  with  any  supply  voltage  between 
the  range  of  +5V  to  +15V  and  still  perform  to  data  sheet 
limits. 

FIGURE  3:  Digital  Input  Structure  For  One  Bit 
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INTERFACE  CONTROL  LOGIC  INFORMATION 
DAC  SELECTION 

Both  DAC  registers  share  a  common  12-bit  input  port.  The 
control  input  (DAC  A/DAC  B)8<iteetS  Which  DAC canaccept 
data  from  the  input  port.         '  " 


MODE  SELECTION 

jlnputs  CSand  WR  control  the  operating  mode  of  tht, 
DAC.  See  Mode  Selection  Table  below. 

WRITE  MODE 

When  CS  and  WR  are  both  low,  the  selected  DAC  is  in  the 
write  mode.  The  input  buffer  and  DAC  register  of  the  selected 
DAC  are  transparentand  its  analog  output  responds  to  activ- 
ity on  DBO— DB11  pini"~ 


HOLD  MODE 

The  selected  DAC  register  retains  the  data  which  was  present 
on  DBO — DB11  pins  just  prior  to  CS  or  WR  assuming  a  high 
state.  Both  analog  outputs  remain  at  the  values  correspond- 
ing to  the  data  in  their  respective  registers. 

MODE  SELECTION  TABLE 


1  DAC  A/ 
1  DACB 

CS 

WR 

DAC  A 

DAC  B 

L 

L 

L 

WRITE 

HOLD 

H 

L 

L 

HOLD 

WRITE 

X 

H 

X 

HOLD 

HOLD 

X 

,x 

HOLD 

HOLD 

L  =  Low  State  H  =  HighSte«a  X  =  Don't  Care 


I 


APPLICATIONS  INFORMATION 
UNIPOLAR  OPERATION 

Figure  4  shows  a  simple  unipolar  (2-quadrant  multiplication) 
circuit  using  the  DAC-8221  and  OP- 270  dual  op  amp  (use  two 
OP-42S  for  applications  requiring  higher  speeds).  Table  1 
shows  the  corresponding  code  table.  Table  3  shows  the 
recommended  values  for  R1,  R2,  R3,  and  R4.  Low  temper- 
ature-coefficient (approximately  50ppm/°C)  resistors  or 
trimmers  should  be  used.  Resistors  R1,  R2,  and  R3,  R4  are 
used  only  if  full-scale  gain  adjustments  are  required.  Maxi- 
mum full-scale  error  without  these  resistors  for  the  top  grade 
device  where  Vref  =  ±  10V  is  0.048%,  and  0.097%  for  the  low 
grade.  Capacitors  CI  and  C2  provide  phase  compensation  to 
red  u  ce  o«Hi;i4«oij|«na  itnoing  When  Nigh-spae|l  op  «m>s  arai 

used.  1        f-"-' — 3^  !      "^^^  ' 

-1 1      '  - 

TABLE  1:  Unipolar  Binary  CodeT^ble'fflBtlpa.'pg^rM) 


BINARY  NUMBER  IN 
DAC  REGISTER 

8B;_j^LfB_ 


ANALOG  OUTPUT,  touT 
(DAC  A  or  DAC  B> 


1111  HIT  ii1i 


I  2048  \  1 
1000  0000  0000  -Vref  (         )  =  -2  Vref 


0000  0000  0001 


-Vref 


0000  0000  0000 


ov 


1  LSB  =  (2-"^)  (Vref)  =  ^  (Vref) 


FIGURE  4:  Dual  DAC  Unipolar  Ope^'tldrh't^'Qtjadrant  Multiplication) 
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FIGURE  5:  Dual  DAC  Bi|^lar  Operation  {4;Quadrant  Operation) 
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TABLE  2:  Bipolar  (Offset  Binai7)  Code  Table  (Refer  to  Figures) 


BINARY  NUMBER  IN 
DAC  REGISTER 
MSB  LSB 

ANALOG  OUTPUT,  VouT 
(DAC  A  or  DAC  B) 

1111  1111  1111 

"^^"EF  (  1^  ) 

1000  0000  pool 

■'■^"EF  (  20^8  ) 

1000  0000  0000 

ov 

0111  1111  1111 

0000  0000  0000 

V      /  2048  \ 
^"^•^  1  2048  j 

NOTE:  , 

1  LSB  =  (2-")  (V„a=)  =  aojgiVREf) 

f 

*'»■ 

KM 

TABLE  3:  Recommended  Trim  Resistor  Values  vs  Grade  for 
■  .      figures  4  and^,  , 


TRIM 

RESISTOR 

FW/HP 

AW/EW/GP 

R1,  R3 

50on 

200n 

R2,  R4 

i5on 

82n 

Full-scale  adjustment  is  achieved  by  loading  the  appropriate 
□AC'S  digital  input  with  1111  1111  1111  code  and  adjusting! 
,R1  (or  R3  for  DAC  B)  so  that;  ' 

VouT  =  Vref  X  (4095/4096) 

if  R1 ,  R2,  R3,  and  R4  are  not  used,  then  full-scale  is  adjusted 
by  varying  Vref  voltage.  Zero  adjustment  Is  performed  by 
loading  the  DAC's  digital  input  with  0000  00000000  code  and 
adjusting  the  op  amp's  offset  voltage  to  OV.  It  is  recom- 
mended that  the  op  amp  offset  voltage  be  less  than  10%  of  1 
LSB  (244/iV),  over  the  operating  temperature  range  of  inter- 
isst.  This  will  ensure  the  DAC's  monotonicity  and  minimize; 
-gain  and  linearity  errors:  -  -  i 
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BIPOLAR  OPERATION 

The  bipolar  (offset  binary)  4-quadrant  configuration  using 
the  DAC-8221  is  shown  in  Figure  5,  and  the  corresponding 
code  is  shown  in  Table  2.  The  circuit  makes  use  of  the  OP- 
470,  a  quad  op  amp  (use  four  OP-42s  for  applications  requir- 
ing higher  speeds). 

Again,  resistors  R1 ,  R2,  and  R3,  R4  are  used  only  if  full-scale 
gain  adjustments  are  required.  Maximum  full-scale  error 
without  these  resistors  for  the  top  grade  device  and  Vpgp  = 
It  10V  is  0.048%,  and  0.097%  for  the  low  grade.  See  Table  3  for 
the  recommended  values.  If  theyiice  used,  then  lov^  temper- 
ature-coefficient (approximately  I  SOppm/°C)  resistors  Of 
trimmers  should  be  used.  | 

)f  resistors  R1  thru  R4  are  omitted,  th«in  R5,  R6,  R7  (R8,  R9, 
and  R10  for  OAC  B)  should  be  ratio-matched  to  0.01%  to  keep 
gain  error  within  data  sheet  limitk  They  shduld  also  have 
matching  tempentur»«aetflcleiit'clian(^BKfiH(es  if  opara*^ 
tng  over  the  full  imivgmmiam  range.   

Zero-output  is  adjusted  by  loading  the  appropriate  DAC's 
digital  Input  w^lth  1000  0000  0000  code  and  varying  R1  (RSfor 

FIGURE  6:  Single  Supply  Operation  (Current  Switching  Mode) 


DAC  B)  SO  that  VouT  A  (or  Vqut  b)  equals  OV.  If  R1 ,  R2  (R3,  R4 
for  DAC  B)  are  omitted,  then  zero  output  is  adjusted  by 
varying  R6,  R7  ratios  (R9,  RIO  for  DAC  B).  Full-scale  is  set  by 
loading  the  appropriate  DAC's  digital  inputs  with  1111  1111 
1111  code  and  varying  R5  (R8  for  DAC  B)  or  Vref- 


SINGLE  SUPPLY  OPERATION 
CURRENT  SWITCHING  MODE 

Because  the  DAC-822Ts  R-2R  resistor-ladder  terminating 
resistor  is  internally  connected  to  AGND,  it  lends  itself  well 
for  single  supply  operation  in  the  current  steering  mode 
configuration.  This  means  that  AGND  can  be  raised  above 
system  ground  as  shown  in  Figure  6.  The  output  voltage  will 
swing  between  +5V  and  -l-lOV  depending  on  the  digital  input 
code. 

The  output  expression  is  given  by: 

 I 


VouT  =  Vo$+  (O/4096)  (Vos) 
where  Vos=  Offset  Reference  Voltage  (+5V  in  Figure  6) 
D  =  Decimal  EqulMlent  of  the  Digital  Input  Wbrd 
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FIGURE  7:  Single  Supply  Operation  (Voltage  Switching  Mode) 
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VOLTAGE  SWITCHING  MODE 

Figure  7  shows  the  DAC-8221  in  another  single  supply  con- 
figuration. The  R-2R  ladder  is  used  in  the  voltage  switching 
mode  and  functions  as  a  voltage  divider.  The  output  voltage 
(at  the  Vref  pin)  exhibits  a  constant  impedance  R  (typically 
llkfl)  and  must  be  buffered  by  an  op  amp.  The  Rfb  pins  are 
not  used  and  are  left  open.  The  reference  input  voltage  must 
be  maintained  within  +  1. 25V of  AGND,  and  Vpo between  +  12V 
and  +15V;  this  ensures  that  device  accuracy  is  preserved. 

The  output  voltage  expression  is  given  by: 

Vout  =  Vref(D/4096) 
where  D  =  Decimal  Equivalent  of  the  Digital  Input  Word 

APPLICATIONS  TIPS 

GENERAL  GROUND  MANAGEMENT 

Grounding  techniques  should  be  tailored  to  each  individual 
jsystem.  Ground  loops  should  be  avoided,  and  ground  cur-, 
fent  paths  should  be  as  short  as  possible  and  have  lowi 
impedance. 

To  reduce  digital  transients  from  appearing  at  the  analog 
output,  the  DAC-8221's  AGND  and  DGND  pins  should  be 
iied  together  at  the  device  socl<et.  This  common  point  then 
jbecomes  the  single  ground  point  connection.  Ai3ND  and 
IDGND  is  then  brought  out  separately  and  tied  to  their  respec- 
tive power  supply  grounds.  Ground  loops  can  be  created  if 
BOW  grounds  are  tied  togsihef  at  ffiofeWaH  ione  location,  i;e., 
tied  together  at  the  device  and  at  the  digital  and  analog  power 
supplies. 


The  PC  board  ground  plane  can  be  used  for  the  single  point 
ground  if  the  device  socket  connection  is  not  practical.  If 
neither  of  these  connections  are  practical  or  allowed,  then 
the  DAC-8221  should  be  placed  as  close  as  possible  to  the 
system's  single  point  ground  connection.  Back-to-bacl( 
Schottky  diodes  should  then  b«|eoni!9^tS# l«tween  AGND  i 
and  DGND.  '  ' 

POWER  SUPPtV  DeebUPLING 

Powec  supplies  used  with  the  DAC-8221  should  be  well  fil- 
tered ind  regulated.  Local  supply  decoupling  consisting  of  a 
1  to  10/iF  tantalum  capacitor  in  parallel  with  a  0.1  fiF  ceramic . 
is  highly  recommended.  The  capacitoK^^hould  be  connected 
between  Vqq  and  DGND  and  attiie~dM^socl<et. 
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FIGURE  8:  Digitally-Programmable  Window  Detector  (Upper/Lower  Limit  Deteotor^f :       ' '    ifo       lui-.-  'JA^  :0t  3|fl!J;3R 
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FIGURE  10:  DAC-8221  To  68000  Interface 
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ANALjOG 
DEVICES 


Dual  12-Btt  Doubte>ftrf{Bretf! 
Multiplying  CMOS  D/A  Converter 


DAC-8222 


FEATURES 

*  Two  Matched  12-Bit  DACs  on  One  Chip 
■;<Qire9t.P3ra|i#  Load  of  Aii  12  Bits  for  High  Data  Throughput 
»  Ooubie-Buffered  Digitai  Inputs 

*  12-Btt  Endpont  Linearity  (±1/2  i^B)  Over  Temperature 

*  +5V  to +15VSingieSuppiy  Operation 

»/0A(^  Matched  to  1%i«ax  ____   ■. 

>';^ur-QuadraEit  Mu'ftiplicatldA  '  /  ,  :  'v.c 
IClRiproveCiiirnKiiiip'" 

*  paeteagi^Miimrarsmn  DIP  ma  as'^A-^^ 

9...  ; 

l^llie  Form 


GENERAL  DESCRIPTION 

The  DAC-8222  is  a  dual  12-bit,  double-buffered,  CMOS  digital- 
to-analog  converter.  It  has  a  12-bit  wide  data  port  that  allows  a 
12-bit  word  to  be  loaded  directly.  This  achieves  faster  through- 
put time  in  stand-alone  systems  or  when  interfacing  to  a  16-bit 
processor.  A  common  12-bit  input  T TL/CMOS  compatible  data 
jjort  is  used  to  load  the  12-bit  word  into  either  of  the  two  DACs. 
This  port,  whose  data  loading  is  similar  to  that  of  a  RAM's  write 
cycle,  interfaces  directly  with  most  12-bit  and  16-bit  bus 
systems.  (See  PMI's  DAC-8248  for  a  complete  8-bit  data  bus 
interface  product.)  A  common  bus  allows  the  DAC-8222  to  be', 
packaged  in  a  narrow  24-pin  0.3"  DIP  and  save  PCB  space. 


APPLICATIONS 

*  Automatic  Test  Equipment 

*  Robotics/Process  Control/Automation 

*  Digitai  Gain/Attenuation  Control 

*  ideal  for  Battery-Operated  Equipment 

ORDERING  INFORMATION  ^ 


PIN  CONNECTIONS 


PACKAGE 

RELATIVE 

GAIN 

MILITARY* 

INDUSTRIAL 

COMMERCIAL 

ACCURACY 

ERROR 

TEMPERATURE 

TEMPERATURE 

TEMPERATURE 

(+5Vor  +15V) 

-55°Cto+125°C 

-40°Cto+8S°C 

0°CtO4-70°C 

±1/2  LSB 

±1  LSB 

DACB222AW 

DAC8222EW 

±1/2L.SB 

*2LSB 

DAC8222GP 

34  LSB 

DACS222FW 

□ACS222HP 

41  LSB 

±4  LSB 

DAGSEfflFP 

□AGSmZHStt 

*  For  devices  processed  in  total  compliance  to  MIL-S0T-8B3,  add  /BS3  after  part 

number.  Consult  factory  for  683  data  stieet. 
t  Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

cerdip,  plastic  dip,  and  TO-can  packages, 
ft  For  availability  and  burn-In  Inforination  on  SO  and  PLCC  packages,  contact 
■i<VOur  local  aafasofllce.  ^  ^   ■   -MnoWnoM 


FUNCTIONAL  DIAGRAM 


AQND  [T 

•  ^-^ 

DQND  d 
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ib]  ldac 

iSl  DAC  A/DAC  B 

i>B,[i 

g  DB,  (L5BI 

iD  DB, 

"=,151 

iilDB, 

UlOB,  . 

-Rftii 

DGND 
(MSB)  DB„ 


3 

B 


4  a 

g  a  q 


NlSHiMisiaMl/ 

« s'  y  g'  g"  g" 


|m  wr 

!»  LDAC 
(m  N.C. 

l2<    DAC  A/DAC  B 
|m  DBg(LSB) 
DB, 


24-PiN  . 
9:3"  CERtSiP 
(W-Suffix) 

24-PiN 
EPOXYDIP 
(P-Suffix) 

24-PiN  SOL 

BITafAiMW 

v.'MauciMi.Ara 

gg-coNTAiriBe — 

(TC-Sli»f»^""« 

L^i      mjVI  ■mi>-'-<J«'.i. 


(MSB)  O- 
12-BIT  DATA  BUS  : 

(L8B)6J 


BACA/OACBO-^ 

  2 

WRO-= 


12-BIT 
INPUT 
REGISTER 

--A 

12-BIT 
DAC 
REGlSTEfl 

12-B)T 
INPUT 
REGISTER 


12-BIT 
DAC 

> 


-O  Rfba 

^-IpOfA 

^A«Nb 


-O  loi 


IS  M^'A) 


iEV.« 


This  allows  direct  unbuffered  data  to  flow  directly  to  either  DAC 
output  selected  by  DAC  A/DAC  B.  Also,  the  DAC's  double- 
buffered  digital  imptK^rnnaW'both  DACa  to  be  updated 
simultaneously.  .-    -  ^ 

DAC-8222's  monolithic  construction  offers  excellent  DAC-to- 
DAC  matching  and  trading  over  the  full  operating  temperature 
range.  The  chip  consists  of  two  thin-film  R-2R  resistor  ladder 
networks,  four  12-bit  registers,  and  DAC  control  logic  circuitry. 
The  device  has  separate  reference-input  and  feedbacl<  resistors 
for  each  DAC  and  operates  on  a  single  supply  from  +5V  to 
+  15V.  Maximum  power  dissipation  at +5V  using  zero  or  V^d 
logic  levels  is  less  than  O.SmW. 

T,he  DAC-8222  is  manufactured  with  PMVs  highly  stable  thin- 
film  resistors  on  an  advanced  oxide-isolated,  silicon-gate, 
CMOS  technology.  PMI's  improved  latch-up  resistant  design 
eliminates  the  need  for  external  protective  Schottky  diodes. 

ABSOLUTE  MAXIMUM  RATINGS 

(T.    +25°C,  unless  othenwise  noted.) 

VpptoAGND  0V,+17V 

Vppto  DGND  OV, +17V 

AGNDto  DGND  -0.3V,  Vpo+O.SV 

Digital  Input  Voltage  to  DGND  -0.3V,  V^^  +0.3V 

'out  a-  Ut  b  »°  AGND  -0.3V.  V„„  +0.3V 


VRFBA-VpFBetoAGND  ±25V 

Operating  Temperature  Range 

AW  Version  -SSOC  to  +125°C 

EW,  FW,  FP  Versions  -40°C  to  +85''C 

GP,  HP,  HS  Versions  -0°C  to  +70H; 

Junction  Temperature  .iii.;.;..  ..L.....^  +150°C 

Storage  Temperature  -65°Cto+15(f^ 

Lead  Temperature  (Soldering,  60  sec.)  +300°C 

PACKAGE  TYPE  8^  (NOTE  1)         0,^  UNITS 

24-Pin  Henmatlc  DIP  (W)  89  10  'QW 

24-PlnPtosllcDIP(P)  ae      :  t-*'  92  ■  .        -  -OWir 

24-Pin  SOL  (S)  H  -  - 

NOTES:  -  ■    -  ~:~^ii>:  ---- 

1 .       Is  specified  tor  worst  case  mountlna  conditions,  U.,  a^^  it  t^idtM  lot 

device  in  socket  tor  CerDIP,  and  P-DIP  packaasW'S,^  is  spedlied  tor  device 

soldered  to  printed  drcutt  board  far  SOL  padcage. 
CAUTION: 

1 .  Do  no  apply  voltages  higher  than  V^QOr  less  than  GNO  potential  on  any  termi- 
nal except  V^^^  end  Rpj. 

2.  The  digital  control  inputs  are  zener-protected;  however,  permanent  damage 
may  occur  on  unprotected  units  from  high-energy  electrostatic  fields.  Keep 
units  In  conductive  foam  at  all  times  untjl  ready  to  use. 

3.  DonotlnaertthladevtoaintopewendaodiMKfaiiiaimpawaf  betaralnsarlion 
or  removal. 

4.  Use  proper  anti-static  handling  procedures. 

5.  Devices  can  suffer  permanent  damage  and/or  reliability  degradation  If  stressed 
al»ve  the  limits  listed  under  Absolute  Maximum  Ratings  tor  extended  periods. 


ELECTRICAL  CHARACTERISTICS  at  Vdd  =  +5V  or  -I-15V,  Vr£f  a  =  Vref  b  =  +10V,  Vqut  a  =  Vqut  b  =  OV;  AGND  =  DGND  =  OV; 
Ta=  Full  Temp  Range  Specified  in  Absolute  Maximum  Ratings;  unless  otherwise  noted.  Specifications  apply  for  DAC  A  and  DAC  B. 


DAC-8222 

MRAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

STATIC  ACCURACY 

Resolution 

N 

12 

Bits 

Relative  Accuracy 

INL 

Endpoint  Linearity  Error 

DAC-8222A/E/G  ' 
DAC-8222F/H 

±1/2 
±1 

LSB 

Differential  Nonlinearity 

DNL 

All  Grades  are  Guaranteed  Monotonic 

±1 

LSB 

Full  Scale  Gain  Error 
(Note1) 

DAC-8222A/E 
DAC-8222G 

±1 
±2 

LSB 

DAC-8222F/H 

i  ^  *4  - 

Gain  Temperature  Coefficient 
AGainMTemperature 

TCGfs 

(Notes  2, 7) 

±2 

±5 

ppiTl/"C, 

Output  Leakage  Current 

louTA(Pin  2). 
louTB(Pin2t) 

All  Digttd  Inputs  = 

TA=-l-fe»C  " 

±5 

±10 

nA 

'lko 

oeqoocnooaao 

Ta=  Full  TBmp.  Range 

±50 

Input  Resistance 
(Vref  a-  Vref  b) 

"ref 

(Notes) 

8 

11 

IS 

kn 

Input  Resistance  Match 

ARhef 
"ref 

±0.2 

±1 

Hi 

DIGITAL  INPUTS 

Digital  Input  High 

Vdd  =  +5V 
Vdd  =  +15V 

2.4 
13.5 

V 

Digital  Input  Low 

Vdd  =  -5V 

0.8 
1.5 

V 

Input  Current 

ViN=OVorVDo 
and  V,NLOrV,NH 

Ta  =  +2S»ft_        _  - 
Ta  -  Full  Temp.  Range 

±0.001 

±1 
+10 

M 

Input  Capacitance 

DB0-DB11 

10 

pF 

(Note  2) 

WR,  LDAC,  DAC  A/DAQ  B 

16 

NEV.  i 


=  Full  Temp  Range  specified  in  Absolute  Maximum  Ratings;  unless  otherwise  noted.  Specifications  apply  for  DAC  A  and  DAC  B. 
Continued 


PARAMETER 

SYMBOL 

CONDITIONS 

DAC-8222 

MIN          TYP  MAX 

UNITS 

POWER  SUPPLY  ^" 

Suppty  Current 

All  Digital  lnp^y^|.or  V, 

i 

-             -  Z 

mA 

firt  .a. 

 KVJ  S  

AilOlgatfkwil»eMor^  ^ 

-4  

10  100 

 ^ 

[X:  Power  Supply 
Retection  Ration 
(AGain/AVpg) 

PSHH 

•80  e 

0.002 

%/% 

'  AC  PERFORMANCE  CHARACTERISTICS  (Note  2) 

Propagation  EtfUqn 
(Notes  4, 5) 

tpD 

350 

R* 

Current  Settling  Time 
(Notes  5, 6) 

V 

\-  +2S°C 

r 

1 

pa 

I  Output  Capacltanoe 


Digital  inputs  =  All  OS 

''OUT  A' ''OUT  B 


Digital  Inputs  =  All  Is 


"OUT 


A.  Co 


•Ml  JH  -  '-.'.v    .'if'  in,  : 


AC  Feedttirougit  at 
'out  a" 'out  B 


jaf  'hef  a    'our  A' 

*  f=100l<HsT 


^REF  A  = 
+25'C 


T,..— .  'BEFB""qyTB' 


Voo=*'5V 

swiTcniiMS  ciuoiMiii^flaiius 

+25°C 

-40"CTOt85*C 

-SS'CTOtliSX 

ALL  TEMPS 

ti 

(Notes) 

(Note  10) 

DAC  Select  to 
Write  Set-Up  Time 

«AB 

150 

180 

210 

60  :  i>.3«ua«l«l!l 

DAC  Select  to 
Write  Hold  Time 

'ah 

•  • 

0  ■ 

0 

0 

-'JhsMH* 

IMCIs 
Write  Set-Up  Tim 

'ls 

80 

100 

120 

60 

ns  UIN 

LDACto 

Write  Hold  Time 

«LH 

20 

20 

'S 

20 

ns  MIN 

Data  Valid  to 
Write  Set-Up  Time 

ts' 

220 

240 

m 

too 

nsMIN 

Data  Valid  to 
Write  Hold  Time 

84 

0 

0 

0 

10 

nsMIN 

Write  Pulse  Widtli 

*wn 

130 

160 

170 

90 

nsMIN 

IDACFuissWIdtli 

*LWD 

100 

120 

130 

60 

nsMIN 

NOTES: 

1 .  Measured  using  internal  R^g  ^  and  Rpg  g.  Botti  DAC  digital  inputs  = 
111111111111. 

2.  Guaranteed  and  not  tested. 

3.  See  timing  diagram. 

4.  From  50%  of  digital  input  to  90%  of  final  analog  output  current.  V-gp  ^ 
V„gf  3  = +10V;  OUT  A,  OUT  B  load  =  100O,  CgxT  =  13PF- 

5.  WS,  LDAC  =  OV;  DBO  -  DB1 1  =  OV  to       or       to  OV. 


6.  Settling  time  is  measured  from  50%  of  ttie  digital  input  cfiange  to  wfiere  the 
output  voltage  settles  within  1 12  LSB  of  full  scale. 

7.  Gain  TO  Is  measured  from  +25°C  to  T^,^  or  from  +25°C  to  T^,^j^. 

8.  These  limits  apply  for  the  commercial  and  industrial  grade  products. 

9.  Absolute  temperature  coefficient  is  approximately  +50ppmrc. 

1 0.  These  limits  also  apply  as  typical  values  for  V^q  =  4-1 2V  with  +5V  CMOS 
logie  levels  and  T^  =  *2S-C. 
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DAC-8222 


DICE  CHARACTERISTICS 


WAFER  TEST  LIMITS  at  Vpo^  -5V  oi 

-15V,  Vref  a  =  Vref  e  =  ^lOV,  VouT  A  = 

VouT  B  =  OV;  AGND  =  DGND  =  OV: 

=  25°C, 

DAC-8222G 

MRAMETER 

SYMBOL 

CONDITIONS 

LIMIT 

UNITS 

Relative  Accuracy 

INL 

Endpoint  Linearity  Error 

±1 

LSB  MAX 

Differential  Nonlinearity 

DNL 

All  Grades  are  Guaranteed  Monotonic 

 .    ±1  

LSB  MAX 

Full  Scale  Gain  Bnar 
(Note  1) 

GpsE 

Digital  Inputs  =  llli '•(111 1111 

±4  J,,-, 

LSB  MAX 

Output  Leakage  - 
('out  a.  'out b) 

Digital  Inputs  =  00090000  0000 
Pad  2  and  24 

nAMAX 

Input  Resistance 
(VreF  A'  Vref  b) 

Pad  4  and  22 

8/15 

kn  MiN/ 

kn  MAX 

Input  Resistance  Match 

aRref 

±1 

%MAX 

Digital  Input  High 

V|NH 

Vdd  =  +5V 
VoD  =  +15V 

2.4 
13.5 

V  MIN 

Digital  Input  Low 

ViNL 

Vdd  =  +5V 
Vdd=+15V 

0.8 

1.5 

VMAX 

Digital  Input  Current 

IfN 

V|N  =  0VorVD|>V|NLOrV|NH 

+1 

(lA  MAX 

Supply  Current 

'dd 

All  Digital  Inputs  Vi^l  or  Vinh 
All  Digital  Inputs  OV  or  Vdo 

2   

0.1 

mtiUm 

DC  Supply  Rejection 
(AGain/AVoo) 

FSR 

0.002 

%/«iMAX 

NOTES:  ., 
1.  Measured  using  internal  Rfb  A  Bnd  Rfb  B- 

Electrical  teats  are  performed  at  wafer  probs  to  tt|9  li^nMts.al^W^- Due  tO'V^^ 

fomandafd  product  dice.  Consult  factory  to  nesoti^te  spactticationB  baaed  on  dice  lot  quillKdition  thiQMgh  santple  lot  assemb[y  anfi  testing. 


2-1018  DIGITAL-TO-ANALOG  CONVERTERS 


REV.  B 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


CHANNEL-TO-CHANNEL 
MATCHING  (DAC  A  &  B 
ARE  SUPERIMPOSED) 


y  1.00 

0.75 

_  0.50 
m 

d  0.25 


I  H).75 


Voo-+15V 
■V„EF-+10V- 
Ti  =  +25''C 


^J30  1024  2048  3072 

DIGITAL  INPUT  OQDE  (DECIMAL) 


DIFFERENTIAL 
NONLINEAMTY 

VS  Vref 


DIFFERENTIAL 
NONLINEABSIDII 

VS  Vref 


II0NLINEAR1TY 
VS  Vref 


-W  -«  -4  ,  0      2     4      G     8  10 


ji|((|j(¥JNEARO;V,wCODE 
(DAC AA  BARE 
SUPERIMPOSED) 


NONLINEARITY  VS  CODE  AT 
TA^-SS'C+aS'C, 
+125°C  FOR  DAC  A  &  B 
(ALL  SUPERIMPOSED) 


1.00 

0.75 

1 

O.SO 

"REF  -  ^  • 
Ta=  +25° 

c 

0.2S 

0 

0.25 

-0.50 

-o.re 

'1.00 

0.50 
0.25 


1  -0.25 
-0.50 


1024  2046  3072  4096 

DIGITAL  INPUT  CODE  (DECIMAL) 


-0.75 
-1J» 


 T" 

VoD  -  +15V 
-V„Ef  =  +10V- 


1024  2048  3072 

DIGITAL  INPUT  CODE  (DECIMAL) 


HONLIMEAilTf 

v^?:^,;;.  VSVdd 


25°C 

"I  ■; 

— j  bi 

ABSOLUTE  GAIN^^OR 
CHANGE  VS  Vref 


D  =  +15V 
=  -25°C 


-w  -a  -6  -4 


-2      0      2     4      6  B 

Vref  (VOLTS) 


;REV;fB 


I  riuMu  rcnrunmMnuc  unMriAU  i  crtia  i  lua 


FULL-SCALE  GAIN  ERROR 
vs  TEMPERATURE 


LOGIC  INPUT  THRESHOLD 
VOLTAGE  vs  SUPPLY 
VOLTAGE  (Vdd) 


1 

V,„.+10V 

m  =  2.4V 

0.8V 

t  .  .  - 

>j  o.a 


SUPPLY  CURRENT 
vs TEMPERATURE 


Voo  .  +15V 
V|L  =  +1.5V 


SUPPLY  CURRENT  vs 
LOGIC  INPUT  VOLTAGE 


d'V'i   ^   4    5    6    7    8   8  10  11  12  13  14 
DIGITAL  INPUT  (VOLTS) 


MULTIPLYING  MODE 
FREQUENCY  RESPONSE 
vs  DIGITAL  CODE 


100k 

FREQUENCY  (H:^ 


OUTPUT  LEAKAGE  CURRENT 
vs  TEMPERATURE 


0     a  10 

TeUEteilATUIlE^O 


ANALOG  CROSSTALK 
vs  FREQUENCY 


r  1  Miiiii — 

Voi,  =  +1SV 

-  Ta  ■=  +26"C 
VtNATV„,:H 

-  VouT  AT  DAC  A 
Vrefa  GROUNDE 

_  Vqut  a'Vref  b 

} 

Ipk  100k 
FREQUEMCy  (Hz) 


INTERFACE  TIMING 
VSV., 


V„„  (VOLTS) 
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DAC4222 


BURN-IN  CIRCUIT 


r  o;  7S       !C  fKXeSI 


0 


-WV- 

5kn 


lobxili- 'mOi' 

|!         -u'li'   'O      '  r;!ifJO-i' HOC 
Oil  r„-\c,  qcir.  ^|r;  ;,i:T  JSr  ■"><>' 


NOTES: 

1.  CI  -  C2  4.7(iF  TANTALUM,  50V  DC;  EVERY  lOTH  DEVICE. 

2.  C3  -  C4  0.01fiF  CERAMIC,  50V  DC;  EVERY  10TH  DEVICE. 
;.3.  ALI^MfTEI?I^I.TP  WI,TMST^NP1^°C;.^  .  ^  j  '  c  Jf<  . 


Mrameter  definitions 

RESOLUTION  (n) 

The  resolution  of  a  DAC  is  the  number  of  states  (2")  that  the 
full-scale  range  (FSR)  is  divid(Kl  (er  rasSii«0}MlK  Whei»  n  K 
equal  to  the  number  of  bits. 

RELATIVE  ACCURACY  (INL) 

Relative  accuracy,  or  integral  nonllnearity,  is  the  maximum 
deviation  of  the  analog  output  (from  the  Ideal)  from  a  straight 
line  drawn  between  the  end  points.  It  is  expressed  in  terms  of 
least  significant  bit  (LSB),  or  as  a  percent  of  full  scale. 

DIFFERENTIAL  NONLINEARITY  (DNL) 

Differential  nonllnearity  is  the  worst  case  deviation  of  any 
adjacent  analog  output  from  the  ideal  1  LSB  step  size.  The 
deviation  of  the  actual  "step  size"  from  the  ideal  step  size  of  1 
LSB  is  called  the  differential  nonllnearity  error  or  DNL.  DACs 
with  DNL  greater  than  ±1  LSB  may  be  nonmonotonic.  ±1/2 
LSB  I NL  guarantees  monotonicity  and  ±1  LSB  maximum  DNL. 

GAIN  ERROR  (Gfse) 

Gain  error  is  the  difference  between  the  actual  and  the  ideal 
analog  output  range,  expressed  as  a  percent  of  full-scale  or  in 
terms  of  LSB  value.  It  is  the  deviation  in_ slope  of  the  DAC 
transfer  characteristic  from  ideal.  ~ 

See  Orientation  in  Digital-to-Analog  Converters  Section  of  the 
icurrent  (lata  book,  for  additional  parameter  definitions. 


GENERAL  CIRCUIT  DESCRIPTION 
CONVERTER  SECTION 

The  DAC-8222  contains  four  12-bit  registers  (two  input  registers 
and  two  DAC  registers),  two  highly-stable  thin-film  R-2R 
resistor  ladder  networks,  and  interface  control  logic  circuitry. 
Also  included  are  24  single-pole,  double-UicQWiM^PS  transistor 


Htofe^ps  transis 


FIGURE  1:  Simplified  Single  DAC  Circuit  Configuration. 

(Switches  Are^)ioM>#«f  AttDtpa<>tiiipeM(At>«' 
Zero)  '■  1  c;      '  mil 


FIGURE  2:  N-Channel  Current  Steering  Switch 
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Figure  1  shows  a  simplified  circuit  for  the  R-2R  ladder  network 
and  transistor  switches  for  one  DAC.  R  is  typically  11  kfl.  The 
transistor  switches  are  binarily  scaled  in  size  to  maintain  a 
constant  voltage  drop  across  each  switch.  Figure  2  shows  a 
single  NMOS  transistor  switch. 

The  binary-weighted  currents  are  switched  between  I  out  and 
AGNDbytheN-channel  MOS  transistor  switches.  The  selection 
betwaea  J^ux  gB4  AQ-NP 's  determined  by  the  djfliM  input. 

ithaittHftvo 
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between  I  out  and  AGND  terminals  be  as  close  to  zero  as 
practical  in  order  to  keep  DAC  errors  to  a  minimum.  This  is 
normally  done  by  connecting  AGND  to  the  nonlnverting  input 
of  an  op  amp  and  I  out  to  the  inverting  Input.  The  DAC's  Internal 
resistor  (Rfb)  can  be  used  for  the  feedback  resistor  by 
connecting  the  op  amp's  output  directly  to  the  DAC's  RpB 
terminal.  The  op  amp  also  provides  the  current-to-voltage 
conversion  for  tlis  DAC's  output  current.  The  output  voltage  Is 
dependent  en  th8  DAC's  digital  input  code  and  Vref-  ^nd  is 
given  by: 

Vout  =  -VrefXD/4096 

where  D  Is  the  digM%i|Mt:eode  integer  nurrvlierttot  Is  between 
0  and  4095. 

The  DAC's  input  resistance,  VREF(Figure  1),  is  always  equal  to  a 
constant  value,  R.  This  means  that  Vrep  can  be  driven  by  a 
reference  voltage  or  current,  AC  or  DC  (positive  or  negative).  It 
Is  recommended  that  a  low-temperature-coefflclent  external 
RpB  resistor  be  used  if  a  current  source  is  employed. 

The  DAC's  output  capacitance  (Cout)  is  code  dependent  and 
varies  from  90pF  (all  digital  inputs  low)  to  120pF  (all  digital 
inputs  high). 

Figure  1  shows  a  transistor  switch  in  series  with  the  R-2R  ladder 
terminating  resistor  and  Rpg  resistor.  They  were  designed  into 
the  DAC  to  binarily  match  the  ladder  leg  switches  and  improve 
power  supply  rejection  and  gain  error  temperature  coefficient. 
The  gates  of  these  transistor  switches  are  connected  to  Vqd.  so 
that  an  "open-circuit"  exists  when  V^d  is  not  applied.  This 
means  that  an  op  amp's  output  voltage  will  go  to  either  "rail"  if 
powered  up  before  the  DAC.  Also,  Rpe  resistance  cannot  be 
measured  without  Vqd  being  applied. 

FIGURE  3:  Digital  tnput  Strtifrture  For  Ortis  Bit 
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The  DAC-8222's  digital  inputs  are  CMOS  inverters.  They  were 
designed  to  convert  TTL  and  CMOS  input  logic  levels  into 
voltage  levels  to  drive  the  internal  circuitry.  The  digital  inputs 
are  TTL  compatible  at  Vqd  =  +5V  and  CMOS  compatible  at 
Vdd  =  +15V.  The  DAC-8222  can  use  +5V  CMOS  logic  levels 
with  Vqd  =  +12V;  however,  supply  current  will  rise  to  approxi- 
mately 5-6mA. 

Figure  3  shows  the  DAC's  digital  input  register  structure  for  one 
bit.  This  circuit  drives  the  DAC  register.  Digital  controls  0  and  0 
shown  are  generated  from  DAC  A/DAC  B  and  WR  control 
signals. 

As  shown  in  Figure  3,  these  inputs  are  electrostatic-discharge 
protected  with  two  internal  distributed  diodes;  they  are  con- 
nected between  Vqd  and  DGND.  Each  digital  input  hasatypical 
input  current  of  less  than  1  n A. 

When  the  digital  inputs  are  in  ttie  n#sn  of  -t-1.2V  to  -I-2.8V 
(peaking  at +1 .8V)  using'a  ^-5V  powwsupply,  or  in  the  region  of 
+1.7V  to  +12V  (peaking  at  +3.9V)  with  a  +15V  power  supply, 
the  Input  register  transistors  are  operating  in  their  linear  region 
and  draw  current  from  the  power  supply.  It  is,  therefore, 
recommended  that  the  digital  input  voltages  be  as  close  to  the 
supply  rails  (Vooand  DGND)  as  Is  practically  possible  to  keep 
supply  currents  at  a  minimum.  The  DAC-8222  may  be  operated 
with  any  supply  voltage  between  the  range  of  +5V  to  +15V. 

INTERFACE  CONTROL  LOGIC 

The  DAC-8222's  input  control  logic  circuitry  is  shown  in  Figure4. 
Note  how  the  WR  signal  is  used  in  conjunction  with  DAC  A/ 
DAC  B  to  load  data  into  either  input  register.  LDAC  loads  data 
from  the  input  registers  to  the  DAC  register;  the  DAC's  analog 
output  voltage  is  determined  by  the  data  contained  in  each  DAC 
register 

The  truth  table  for  the  DAC  registers  is  shown  in  the  Mode 
Selection  Table.  Note  how  the  Input  register  is  transparent 
when  WR  is  low  and  LDAC  is  high,  and  that  the  DAC  register  is 
transparent  when  WR  is  high  and  LDAC  is  low  (LDAC  updates 
the  DAC's  analog  output  voltage).  The  DAC  is  transparent  from 
input  to  output  when  WR  and  LDAC  are  both  low,  and  the  DAC 
Is  latched  (input  and  output  is  not  being  updated)  when  WR  and 
LDAC  are  both  high.. 


FIGURE  4:  Input  Control  Logic 
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MODE  SELECTION  TABLE 


DIGITAL  INPUTS 


REGISTER  STATUS 


DAC  A 


DAC  B 


DACA/B 


WR 


LOAC 


INPUT  REGISTER 


DAC  REGISTER 


INPUT  REGISTER 

LAtdhBD 

WRITE 

LATCHED 


DAC  REGISTER 


L 
H 
L 

H 
X 

X 


L 
L 
L 
L 
H 
H 


L 
L 
H 

H  i 

L 

H 


WRITE 
LATCHED 
-WRITE 
LATCHED 
LATCHED 
LATCHED 


WRITE 

WRITE 

LATCHED 

LATCHED 

WRITE 

liAf9H(H\ 


WRITE 

WRITE 

LATCHfiD 

LATCHED 

WRITE 

LATCHED 


L  =  Low   H  =  High    X  =  Don't  Care 


INTERFACE  CONTROL  LOGIC 

DACA/DAC  B  (Pin  18)-DAC  Sel^eilonf.  AcfivslOWfOr  DAC  A 

and  active  high  for  DAC  B. 

WR  (Pin  20)-WRITE.  Active  Low.  Used  to  write  data  into  either 
DAC  A  or  DAC  B  input  reg 
the  input  registers. 


LDAC(Pln  19)-LOAD  DAC.  Active  Low.  Used  to  simuKane- 
busly  transfer  data  from  DAC  A  and  DAC  B  input  registers  to 
both  DAC  outputs.  The  DAC  becomes  transparent  (activity  on 
the  digital  inputs  appear  at  the  analog  output)  when  both  WR 
and  LDAC  are  low.  Data  is  latched  into  the  output  registers  on 
the  risir^  edge  of  LDAC. 


WRITE  TIIMING  CYCLES 

Two  timing  diagrams  are  shown  and  are  at  the  usefs  discretion 
which  to  use. 

The  TWO  CYCLE  UPDATE,  as  the  name  implies,  allows  both 
DAC  registers  to  be  loaded  and  the  outputs  updated  In  two  cycles. 
Data  Is  first  loaded  Into  one  DAC's  Input  register  on  the  first  write 
cycle,  and  then  new  data  loaded  Into  the  other  DAC's  input  reg- 
ister while  simultaneously  updating  both  DAC  outputs  on  the 
second  cycle. 

The  THREE  CYCLE  UPDATE  allows  DAC  A  and  DAC  B  regis- 
ters to  be  loaded  and  analog  output  to  be  updated  at  a  latertime. 
The  first  two  cycles  load  both  DACs  as  above,  and  the  third  cycle 
updates  the  outputs.   .  .  
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NOTES: 

1.  ALL  INPUT  SIGNAL  RISE  AND  FALL  TIMES 
MEASURED  FROM  KM  TO  90%  OF  Vop 
Voo  =  +5V,t,-l,-20i«: 

Vt,o  =  +18V,l,  =  t,"40i». 

V| 

2.  TIMING  MEASUREMENT  REFERENCE  LEVEL  IS  - 
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^GUflE  5:  Unipolar  Configuration  (2-Quadrant  Multiplication) 
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^RESISTORS  R1  THRU  R4  ARE  ONLY  NECESSARY  TO  TRIM  FOR 
ABSOLUTE  ACCURACY  BETTER  THAN  ±0.01%,  SEE  TEXT  FOR 
COMPLETE  DETMIA 
"RESISTERSAHD  COHTROL  CIRCUimY 

oMiTTEo  FOR  nMniicm 


APPM.CATI(»IS  iNFOIUy^^^ 
UNIPOLAR  OPERATION  >  ^ 

Figure  5  shows  a  simple  unipolar  (2-quadrar)t  multiplication) 
circuit  using  the  DAC-8222  and  OP-270  dual  op  amp  (use  two 
for  higher  speeds),  and  Table  1  the  corresponding  code 
table.  Resistors  R1,  R2,  and  R3,  R4  are  used  only  If  full-scale 
gain  adjustments  are  required.  Low-temperature  coefficient 
(approximately  50  ppm/°C)  resistors  or  trimmers  should  be 
used.  Maximum  full-scale  error  without  these  resistors  for  the 
top  grade  device  and  Vpief=  ±10V  is  0.024%  and  0.097%  for  the 
low  grade.  CI  and  C2  provide  phase  compensation  to  help 
reduce  overshoot  and  ringing  when  high-speed  op  amps  are 
used. 

Full-8Ga|e  adjustment  is  aeoemplished  by  loading  the  digital 
inputs  with  all  ts  and  adjusting  R1  (or  R3)  so  that 

(4095\ 
4096/ 

Full-scale  can  also  be  adjusted  by  varying  Vref  voltage,  thus 
eliminating  R1,  R2,  R3and  R4.  Zero  adjustment  is  performed  by 
setting  the  DAC's  digital  inputs  to  all  Os  and  adjusting  the  op 
amp's  offset  adjust  so  that  Vout= OV.  To  maintain  monotonicity 
and  minimize  gain  and  linearity  errors,  it  is  recommended  that 
the  op  amp  offset  voltage  be  adjusted  to  less  than  10%  of  1  LSB 
(244(tV)  over  the  operating  temperature  range  of  interest. 


TABLE  1:  Unipolar  Binary  Code  Table  (Refer  to  Figure  5) 


BINARY  NUMBER  IN 
DAC  REGISTER 
MSB  LSB 

ANALOG  OUTPUT,  Vqut 
"    "  ipAC  A  or  DAC  B) 

111111111111  ST* 

.  .-Vref 

/  4095  \ 
\  4096/ 

1000  0000^000 

-Vref 

0000  0000  0001 

-Vref 

V  4096/ 

0000  0000  0000 

OV 

NOTE 

1  LSB  =  (r")  (Vref)  =  2^  (Vref) 


BIPOLAR  OPERATON 

The  bipolar  (offset  binary)  4-quadrant  operation  configuration 
using  the  DAC-8222  is  shown  in  Figure  6  and  the  corresponding 
code  in  Table  2.  The  circuit  makes  useof  theOP-470,aquadop 
amp  (use  four  OP-42s  for  higher  speeds). 

Resistors  R1,  R2,  R3,  and  R4  may  be  omitted  and  full-scale 
output  voltage  may  be  adjusted  by  varying  Vref°i'     value  of 
and  R8.  If  resistors  R1,  R2,  (^^  and.R4  are  omitted,  then 
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FIGURE  6:  Bipolar  Configuration  (4-Quadrant  Multiplication) 
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TABLE  2:  Bipolar  (Offset  Binary)  Code  Table 
(Refer  to  Figure  6) 


7^ 


BINARY  NUMBER  IN 
DAG  REGISTER 

;;  :ms6  ijsm 

ANALOG  OUTPUT,  Vqut 
;  ,,(PAC  A  or  DAG  B) 

'    iflfl'ttiiil'i  _ 

1000  0000  0001 

+^REF  (  asss) 

1000  0000  0000 

ov 

,  0111.H1H111 

"^REF  (2548) 

0000  0000  0000 

/'2048\ 
^"EF  \  2048/ 

NOTE: 

1LSB  =  (2-^^)  (V„ef)-^(Vref) 

resistors  R5,  R6,  R7,  should  be  ratio-matcfied  to  0.01%  so  that 
gain  error  meets  data  sheet  specifications.  (Corresponding 
resistors,  R8,  R9,  and  RIO  for  DAG  B  should  also  be  matched  to 
0.01%).  The  resistors  should  have  identical  temperature  coeffi- 
cients if  operating  over  the  full  temperature  range. 

Zero  and  full-scale  are  adjusted  one  of  two  ways  and  are  at  the 
users  discretion.  Zero-output  can  be  adjusted  by  first  setting 
the  digital  inputs  to  1000  0000  0000  and  adjusting  R1  (R3  for 
DAG  B)  so  that  Vquta  (or  Voutb)  equals  OV.  If  R1,  R2  (R3,  R4for 
DAG  B)  are  omitted,  then  Vout= OV  can  be  adj  usted  by  varying 
R6,  R7  (R9,  RIO  for  DAG  B)  ratios.  Full-scale  is  adjusted  by 
setting  the  digital  inputs  to  1111 1111  1111  and  varying  R5  (R8  for 
DAG  B).  Full-scale  can  also  be  adjusted  by  varying  Vrep 
Full-scale  output  is  equal  to  Vrep  minus  one  LSB. 
.-        :      ■.' r.,.  r.,  V?' H-ir;      ,  ,  ■•  c  r,.,  ^'Jl-  - 
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SINGLE  SUPPLY  OPERATION   

CURRENT  STEERING  MODE 

Because  the  DAC-8222's  R-2R  resistor  ladderterminating  resis- 
tor is  internally  connected  to  AGND,  it  lends  itself  well  to  single 
supply  operation  in  the  current  steering  mode.  This  means  that 
AGND  can  be  raised  above  system  ground  as  shown  In  Figure  7. 
The  0  utput  voltage  range  will  be  from  +5  V  to +1 OV  depending  oh 
the  digital  input  code  and  is  given  by: 

VouT-Vos  +  (nM096)(V(») 

where  Vqs  =  Offset  Reference  Voltage  (+5V  in  Figure  7) 
n  =  Decimal  Equivalent  of  the  Digital  Input  Word 

VOLTAGE  SWITCHING  MODE 

Figure  8  shows  the  DAC-8222  in  a  single  supply  voltage  switch- 
ing mode  of  operation.  In  this  configuration,  the  DAC's  R-2R 
ladder  acts  as  a  voltage  divider.  The  output  voltage  at  the  Vrep 
pin  exhibits  a  constant  impedance  R  (typically  1 1l<n)  and  must 
be  buffered  by  an  op  amp.  Rpe  pins  are  not  used  in  this  circuit 
configuration.  The  reference  input  voltage  must  be  maintained 
within  +1 .25V  of  AGND  and  Vdd  from  +1 2V  to  +1 5V  to  preserve 
device  accuracy. 

The  output  voltage  expression  is  given  by: 
VoUT-VREF(n/4096) 

where  n  ■  Decimal  Equivalent  of  the  Digital  Input  Word 


APPLICATIONS  TIPS 

GENERAL  GROUND  MANAGEMENT 

Grounding  techniques  should  be  tailored  to  each  individual  sys- 
tem. Ground  loops  should  be  avoided,  and  ground  current  paths 
should  be  as  short  as  possible  and  have  a  low  impefianee. 

The  DAC-8222's  AGND  and  DGNO  pins  should  be  tied  together 
at ths  devlc6  socketto'pravent  digital  transients  from  appearing 
atthe  analog  output.  This  common  point  then  becomes  the  single 
ground  point  connection.  AGND  and  DGND  should  then  ba 
brought  out  separately  and  tied  to  their  respective  power  supply 
grounds.  Ground  loops  can  be  created  if  both  grounds  are  tied 
together  at  morethan  one  location,  i.e.,  tied  together  at  thadevice 
and  at  the  digital  and  anailQD  po«i@r  supplies. 

A  PC  board  ground  plane  can  be  used  for  the  single  point  ground 
connection  should  the  connections  not  be  practical  at  the  device 
socket.  If  neither  of  these  connections  is  practical  or  allowed,  then 
the  device  should  be  placed  as  close  as  possible  to  the  system's 
single  point  ground  conitection.  Back-to-back  Schottky  diodes 
should  then  be  connected  between  AGND  and  DGND. 

POWER  SUPPLY  DECOUPLING 

Power  supplies  used  with  the  DAC-8222  should  be  well  filtered 
and  regulated.  Local  supply  decoupling  consisting  of  a  1  to 
lO^iF  tantalum  capacitor  in  parallel  with  a  0.1 /iF  ceramic  is 
highly  recommended.  The  capacitors  should  be  connected 
between  the  ^Qoand  DGND  pins  and  at  the  device  socket. 
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FIGURE  8:  Single  Supply  Operation  (Voltage  Switching  Mode) 

FIGURE  9:  Digitally-Programmable  Window  Detector  (Upper/Lower  UmK  DeMeetor) 


BASIC  APPLICATIONS 
PROGRAMMING  WINDOW  DETECTOR 

Figure  9  shows  the  DAC-8222  used  in  a  programmable  window 
detector  configuration.  The  required  upper  and  lower  limits  for 
the  test  are  loaded  into  DAC  A  and  DAC  B.  If  a  signal  at  the  test 
Input  is  not  within  the  programmed  limits,  the  output  will 
indicate  a  logic  zero. 


MICROPROCESSOR  INTERFACE  CIRCUITS 

The  DAC-8222's  versatile  loading  structure  greatly  simplifies 
interfacing  to  16-bit  bus  systems;  it  also  reduces  the  number  of 
"glue"  logic  components.  Data  loading  into  its  12-bit  wide  data 
input  is  achieved  by  use  of  only  two  control  signals,  WR  and 
LDAC.  DAC  selection  is  controlled  with  a  single  DAC  A/DAC  B 
line. 

Figures  10  and  11  show  how  easily  the  DAC-8222  interfaces  with 
the  8086  and  68000  16-bit  microprocessors. 
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FIGURE  10:  DAC-8222  To  8086  Interface 
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Dual  8-Bit  CMOS 
D/A  Converter  with  Voltage  Output 
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FEATURES  ''^'^T  ""'''''"^ 

•  Two  8-Bit  Voltage  Out  DAQiWIf^^le  Chip 

•  Fits  7528/7628  Sockets  .    o  i 

•  Adjustment  Free  Internal  CMOS  Opf^^K^'^^^^^^'^ 
'  Single +12V  to +15V  Operation 

•  TTL  Compatible  Over  Full  W^jglfilliilW' 

•  Fast  Interface  Timing  ■••••^wh  "  ^""^ 

•  Improved  Resistance  to  ESD 

•  Available  in  Small  Outline  Package 

•  CerDIP  and  Epoxy  Packages  Come  in  the  Extended 
Industrial  Temperature  Range  of  -40°C  to  +85°C 

APPLICATIONS 

•  Disk  Drive  Systems 

■  Automatic  Test  Equipment 

■  Process/Industrial  Controls 

•  Energy  Controls 

•  Programmable  Instrumentation 

•  Multi-Channel  Microprocessor-CoiMiMiillyitoms 

•  Servo  Control  Systems 


ORDERING  INFORIVIATION 

f 

PACKAGE:  20-PIN  DIP/SOL  ' 

EXTENDED 

MIU  INDUSTRIAL 

RELATIVE 

GAIN 

TEMPERATURE 

ACCURACY 

ERROR 

-40°Ctot85°C 

±1/2  LSB 

±2LSB 

DAC8228FR 

-  IW3l29aFI> 

i2LS8 

DACK!2eFS 

GENERAL  DESCRIPTION 

The  DAC-8228  is'a dual ^iS.%tl&g$&g^  CMOS,  D/A  ctili- 
verier  in  asingle  chjp.  |tiii«jQleajgiMilteAa|»iiit9Ai^€^628 
sockets  eliminating  two  Mianwiaap  amps  ini4)pllQ|lii^  such 
asMrd  disk  driyes.  These  applications  generallyaSpllAkthe 
AD7528/7928  with  zero  volts  applied  to  V^^^  and  oMR^ND  | 
to  +2.5  or  +5  volts.  The  DAC-8228  Is  tested  under  both  these 
conditions. 

The  DAC-8228  can  also  be  used  in  those  applications  requiring 
a  unipolar  output  voltage.  It  can  deliver  an  output  voltage  be- 
tween OVand  +10V  with  V^^  =  +14V  (maximum  output  voltage 
is  Vjjjj  -4V).  The  DAC-8228's  reference  input  can  accept  a 
negative  voltage  from  OV  to  -1 OV  (the  DAC's  internal  unity-gain 
inverting  amplifier  inverts  the  input  signal).  Choose  the  DAC- 
8229  for  bipolar  operation. 

Continue^ 

PIN  CONNECTIONS  
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The  DAC-8228  offers  CerDlP  and  plastic  packaged  devices  in 
the  extended  industrial  temperature  range  of  -40°C  to  +85°C, 
Applications  requiring  the  military  temperature  range  should 
use  the  DAC-8229.  To  make  the  DAC-8229  pin  and  functionally 
compatible  with  the  DAC-8228,  AGND  Aand  AGND  B  should  be 
tied  together  to  function  as  V^,  and  V^g  connected  to  GND. 

The  DAC-8228  consists  of  two  CMOS  voltage  output  amplifiers, 
two  high-accuracy  R-2R  resistor  ladder  networks,  interface 
control  logic,  and  two  8-bit  registers.  An  Internal  regulator  main- 
ifMiV "  >.  compatibility  and  fast  miGroprbcessor  interface 

*"  timing  over  the  ftillVgQrangi.  ' 

The  DAC-8228  dissipates  only  90mW  in  the  space  saving  20- 
ptn  O.W  DIP  -or  the  2IMea(l  SO  surface  mourtt  package.-  ffis 
eompEKit  size,  low  power^  and  economical  cost  per  channel, 
tnak^  it  s^actiwe  for  appncations  requiring  multipte  D/A  con- 
yerterft  wittiout  sacrifieing'  eircuitrboard'Spaeei  Rediieed  parts 
count  also  improves  system  reh'ability.   -  -  ^  ^ 

using  PMI's  advanced  oxide-isolated,  silicon-gate  CMOS  proc- 
ess, coupled  with  Its  highly-stable  thin-film  resistor  ladder,  al- 
lows the  DAC-8228  to  offer  superior  matching  and  temperature 
tracking  between  DACs. 


(T^  =  +25°C,  unless  otherwise  neied.} 

to     or  GND  „   -0.3V,  +17V 

to  GND  -0.3V,  Vjjp 

Digital  Input  Voltage  to  GND  -0.3V,  Vj^g 

Vref  a.  Vref  b  to  GND   --mA 

VouT  A.  VouT  B »°  V,  (Note  1)  -0.3V,  V„„ 

Operating  Temperature  Range.  ,      ,  , 

FR/FP/FS  Versions  -40°C  to  +85°C 

Junction  Temperature   +150°C 

Storage  Temperature  -65°Cto  +150°C 

Lead  Temperature  (Soldering,  60  sec)   -i-300°C 

PACKAGE  TYPE  e|^(N0TE3)  0^^  UNITS 

2Q-Pin  Hermetic  DIP  (R)  76  11   °C/W 

20-Pin  Plastic  DIP  (P)  '  ^  69      .         27.     .  ,  °C/W 

20-Pin  SOL  (S)    88  25  °C/W 

NOTES: 

1 .  Outputs  may  be  shorted  to  any  terminal  provided  ttie  package  power  dissipa- 
tion is  not  exceeded.  Typical  output  stiort-clrcult  current  to  GND  Is  50mA. 

2.  Use  proper  anti-static  t>andling  procedures  when  handling  ttiese  dfl^itlBls. 

3.  Is  specified  for  worst  case  mounting  conditions,  [.e.,  Oj^  Is  aplMHied  Idr 
device  in  socket  for  CerDlP  and  P-DIP  packages:  Bj^  Is  spBeille<Mbr<jevlOB 
soldered  to  printed  circuit  board  for  SOLpsckage. .  - 


ELECTRICAL  CHARACTERISTICS  at  V^^  =  +1 2V  ±5%,  V^^p  =  OV,  V^  =  +2.5V  and  V^^  =  -ft 5V  ±5%,  V^^p  =  OV,  V^  =  -i-SV. 
T^  =  Full  Temperature  Range  specified  under  Absolute  Maximum  Ratings,  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

DAC-8228 

TYP  MAX 

UNITS 

STATIC  ACCURACY 
(Note  1) 

- 

1' ...  -  .^i.. 

II' 

Resolution  -i 

N                L  [ 

8 

BHs 

Relativs  Aceuiacy 
(Note  2) 

INL  ~ 

— -    -  -  ±1 

L8B 

Differential  Nonllnearlty 
(Note  3) 

DNL 

±1 

LSB 

Gain  Error 

DAC  Latches  Loaded  wilh  .111.1111.1  . 

'> '  ids. 

Gain  Error 
Temperature  Coefficient 
(Note  4) 

TCG„ 

*0.a003  ±0.002 

%/»c 

Zero  Code  Error 

"ZSE 

±15 

mV 

Zero  Code  Error 
Temperature  Coefficient 
(Note  4) 

-  f 

  1 

±10     1    <.-i-  rr 

REFERENCE  INPUT                                       .                                                                                     ..  . 

(Note  8) 

Input  Resistance 
(Note  5) 

"in 

Pin  4  and  Pin  18 

7 

15 

kO 

Input  Resistance  Match 

±0.1  ±1 

% 

Input  Capacitance 
(Note  4) 

9  20 

PF 

Input  Resistanc^  i  

(Note  10)  \  

~  Digital  Inputs  =  0V 

2 

kO 
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,  DAC-8228 

PARAMETER  "    SYMBOL   CONDITiONS  MIN  TYP  MAX  UNITS 


OlGfTAL  INPUTS 

Digital  input  High 

  y 

INH 

■ 

V 

Digital  Input  Low 

 C3  

.     _  -^INL   

_    _ 

0  B 

V 

.Input  ^ruM 

'in 

ViN'OVorV^o 

±1 

Inm  it  f^^nfl^itamMi 

III|Alt  V'W^liWiHcmvW-  — 

.  (Note  4) 

''in 

~'4' 

8— 

IffWMfBjjliMillWH  Bitt 

Supply  Current 
(Note  6) 

'dd 

-  -     

- 

- 

7 

mA 

Fowsr 

liixTSmA-  - 

- 

- 

84 

Dissipation 

15  X  7mA 

- 

'  - 

105 

mW 

TO  Power  Supply 
—Rejeaion  Ratio  " 
,  (AGaln/AVoo) 

'  "  ~  "  PSRR 

— S»^o'=«*    

■.   -V  *(-- 

0.01  *  - 

M 

DYNAMIC  PERFORMANCE 

r.,    -  -ffs 

Slew  Rate  (Vg^^),, 
(Note  4) 

.•Y>.^in«.:^hatMli>»i'>  - 

■          =  +25*0 

Digital  Inputs  =  OV  to  +5V 

2.5 

.Settling  Time  (Vq^j) 
Positive  or  Negative 
(Nols4,7) 

;Pigltar  Inputs  =  OV  to +5V 

wK.tiii:  -  ^ 

2 

)!: 
5^. 

.,.(  t 

..:  «# 

Channel-to-Chmwl 
Isolation  (Note  4| 

CCI 

T^  =  *25-C 

VREFB'oVouTAorV^.pAtoVou.B 
V      B-V    _A  =  20V  (af-101cHz 

•ref"  "ref"  ^Vp^ 

-80 

dB 

-  l: 

Digital  Crosstall< 
(Notes  4, 9) 

Q 

T^  =  +25'>C  t 

For  Code  Transition 
IXXX)0000to1111  1111 

4 

10 

nvn 

Digital  Charge 
Injection 

Q 

T^  =  +25°C  if 
For  Code  Transition  ^ — • — ^ 

ooooooootoim  1111  j 

■      1  ' — ^ 

.,    tos  ~" 

nVs! 

AC  Feedthrough 

(Notes  4. 11) 

FT 

-70 

dB 

Harmonic  Distortion 

-85 

1 

dB 

.BEV.  A 
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ELECTRICAL  CMARACTERISTIQS  at  Vp,,  =  +12V  ±S*,  V„  ^.^  =  OV.-Vi  =  +2.5V  and  V^d  =  +1 5V  i5%,  Vp^p  =  OV,     *  +5V. 


BEF" 


T.  =  Full  Temperature  Range  specified  undet^At>6dlute  Maximum  Ratings,  unless  OthisrAisetlOfed.  Contfritrciiri^' 


MRAMETER 


SYMBOL 


CONDmONS 


DAC-82a8 

TYP 


UNfrs 


SWITCHING  CHARACTERISTICS  (Note  4) 


CNp  Select  to 
Write  Set-Up  Time 


Chip  Select  to 
Write  Hold  Time 


10 


DAC  Select  to 
Write  Set-I 


DAC  Select  to 

Write  Hoid  Time 


10 


Data  Valid  to 
Write  Set-Up  Time 


Data  Valid  to 
Write  Hold  Time 


Write  Pulse  WidUi  t^j, 

 nffi  -  ----- 

NOTES: 

1.  Specifications  apply  to  l>oth  DAC  A  and  DAC  B. 

2.  Tills  Is  an  endpoint  linearity  specification. 

3.  All  devices  are  guaranteed  to  t)e  monotonic  over  tlie  full  operating  temperature 

range, 

4.  Tliese  characteristics  are  for  design  guidance  only  and  not  subject  to  produc- 
tion test. 

5.  Input  resistance  temperature  coefficient  >+300ppinrV. 

6.  V,„-=  V,„,  orVy,^:gulf)i«MntQ«led. 


8.  V^^p  voltage  range  Is  OV  to-lOV;  the  al>solute  maxlmura  negaOvemlue  Is: 

9.  DlgitalcrosstalldsaineasiiiBOftheamountofdgltalinputpulseappsarinijat 
the  analog  output  of  the  unselectsd  CMUS  wlille  applying  It  to  the  di(|ltit  iiiptits 

of  the  other  DAC. 

10.  Resistance  looking  into  the  terminal. 

11.  V„^pA,V„^,B.20V  Sinewave@f.10kHz:V„EFAtoVouTAorV„EpBto 
Vq„.^,  t»th  DAC  latches  kiaded  with  0000  0000. 


BURN-IN  CIRCUIT 


NOTES: 
1.C,«imF 


N.C. 

H.C. 


+l_ 


r 
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DICE  CHARACTERISTICS 


DAC-8228 

 f  Muf^-  ■ 


DIE  SIZE  0.082x0.111  lnch,9,102sq.mlls 
{2M  X2.a2  mii^  SJ7«q.'min) 


1.  AMPLIRER  REFERENCE  (VJ 

2.  N.C. 

3.  VOLTAGE  OUTPUT  (Vq„^) 

4.  DAC  A  REFERENCE  INPUT  (V^) 

5.  GROUND  (GND)   

6.  DAC  SELECTION  (DAG  A/DAC  B) 

7.  DIGITAL  INPUT  DB,  (MSB) 

8.  DKSrTAL  INPUT  DB, 

9.  DIGrTAL  INPUT  DB, 
10.  DKHTAL  INPUT  DB. 


11.  DIGITAL  INPUT  DB3 

1Z  DIGITAL  INPUT  DB,         v  «v 

13.  DIGITAL  INPUT  DB, 

14.  DIGITAL  INPUT^Bg(LSB)  ~^ 

15.  CHIP  SELECT  (CS) 

16.  WRITE  (WR) 

17.  POSITIVE  POWER  SUPPLY 

18.  DAC  B  REFERENCE  INPUT  (V—B) 
^i.  VOLTAGE  OUTPUT  (Vo„^) 

20.  H.C.  ,,  ,,  ■- 


Substrata  (f^lSDiSde)  is  lntema%  connm^  to 


WAFER  TEST  LIMITS  at      =  V^t, 


=  +12V  ±5%,  Vpgp  =  OV,     =~2;SV or      =  +15V ±5%,  V^^p  =  OV,     =  +5V,     =  +25°C. 


4- 


DAC-8228QBC 


PARAMETER 

SYMBOL 

CONDITIONS 

4^14  1 

1  unrs 

UNITS 

Relative  Accuracy 

(Note  3) 

iNL 

Endpoint  Unearity  Error 

> 

 *  ' 

LSBMAX 

Differential  Nonlinearity 
(Notes  1 , 3) 

— ^ —    .  — ' 

DNL 

±1 

LSB  MAX 

Gain  Error 

°FSE 

DAC  Latches  Loaded  with  1111  1111 

±2 

LSBMAX 

Zero  Code  Ern$r 

^ZSE 

["irt^  MAX 

input  Resistance 

Pad4andl8 

7/15 

Resista™«l9i~"*-  - 

"IN 

lowi^v -SK^joy  SK^ia^ 

w-  • 

1 

%MM( 

V2  Input  Resistance 
(Note  3) 

RyZ 

nglMllnliuM-OV 

2 

kQMIN 

Digital  Input  Higti 

V,H 

2.4 

VMIN 

Digital  Input  Low 

0.8 

VMAX 

input  Current 

'in 

±1 

pA  MAX 

DC  Supply  Rejection 
(AGaln/AVoo) 

PSRR 

Vp„  =  ±5% 

0.01 

Positive  Supply  Current 
1  (Note  2) 

'oD 

7 

mAMAX 

NOTES: 

1'.  All  dice  guaranteed  monotonic  over  the  full  operating  temperature  range. 

2.  "      =  V|^L  ^i*  ^INH'  o^^PiJ*  unloaded. 

3.  Resistance  looldng  into  the  terminal. 

Electricaljests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not  guaranteed  for 
Andard  pfoduct  dice.  Consult  factory  to  negotiate  specifications  based  on  dice  lot  qualifications  through  sample  lot  assembly  and  testing. 


DAC-8228 

TYPICALrPiPtP 


RELATIVE  ACCURACY 
vs  CODE  (V„EF=  OV,  Vz  =  +2.5V) 


ui  -0.1 
1  -0.2 


1 

T,  =.OT 
-  Vi  =  *2.5V 

RELATIVE  ACCURACY  vs  V, 


0      32     «     98      128     160    192  224 

nanw.  mput  code  (decihal) 


1.0 

aa 

04 

0.4 
0.2 
0 

-OA 
-OA 

=  ♦25"C 
_Vr«=OV 

•osm 

VE  ER 

lEGAT 

VE  EF 



ROR- 

-OS 

-1* 

DIFFERENTIAL 
NONLINEARITY  vs  V, 


I  0.6 
i  0.4 


-0.2 
-0.4 


5  '^'^ 


1 

Tji  =  ♦25'C 

VDo  =  »in 

POSmVE  ERROR 
>— 1  i— 

— \ — \ — \ — 

RELATIVE  ACCURACY  vs 
REFERENCE  VOLTAGE 

T — y 

Vdo  =  +15*V 

!  I-  V,=  OV 


DIFFERENTIAL  NONUNEARCTY 
VS  REFERENCE  VOLTAGE 


1i) 

D.8 
0.6 
0.4 
0.2 
0 

-0.2 
-0.4 

1 

_       =  *25' 
Vt,o  =  *15 

_  V,  =  ov 

V 

POSIT 

VE  ER 

N 

NEOA' 

IVE  EF 

ROR- 

-1JI 

RELATIVE  ACCURACY 
VS  CODE  (V„EF=  -10V,  Vg=OV) 


Vo„i.15 
Vz  =  OV 

f 

V  

•4     92      19.  120    121  224 


SUPPLY  CURRENT  VS 
DIGITAL  INPUT  VOLTAGE 


T,-. 
-»«8F 

2S-C 
bOV 

1SV.  V; 

♦5V 

Vdo  = 

*12V,  Vz 

=  +2.5V- 

ALL  BITS  ON 
(MSB)  DB7 
DBb 
DBs 
DB4 
0B3 
DB2 
DBt 
(LS8)E>Bo 


'  ALL  BFTS  OFF 


MULTIPLYING  MODE 
FREQUENCY  RESPONSE 


V 

!  INI 

mill 

OUTPUT  VOLTAGE  vs 
OUTPUT  SOURCE  CURRENT 


DlOmU.  INPUT  VOCTAQE-Ym  (VOLTS) 


100k 
FREOUENCrffta) 


.TYPlCAI^iEaEqpMANCi CHARACTERISTICS 

FULL  SCALE  GAIN  ERROR 
vs  TEMPERATURE 


Isijips  gf  n  SKkriw  ;iilni  (bevloe  - 

ZERO  CODE  ERROR 
vs  TEMPERATURE 


Si  0.4 


1 

V„„=  .12.67 

•z 

,  =  0V 

1  IK 

le 

*  -  '  'r 

JAQsrfT 

mr  s 

-  .aoiifje'e !•■  ^iuiiluO 
-i)^  POWER  SUPPLY  CURRENT  1*te««»«a 

'.«; onrA,-  vs  TEMPERATURE  *      <  ^: 


-0.6 

-as 


Vref 


1  1 — 

D=+12.6V 
=  +2.SV  - 
=  0V 


..r.lcifWH.'-imO 

.  IE  'tOC^iitfto 


-75    -50     -25  0 


SO      75      100  1i2S 


TEMPERATURE  ('C) 


POWER  SUPPLY  REJECTION 
VS  TEMPERATURE 


TEMPERATURE  ('0 
_i  I- 


CAT 


V„t,  =  ,12.6V 
V,=  +2.5V  - 


75  ■  .nir-i«s-P  \osu.3i>!5  'ipin 


-WRIT-ECYJCa-E  TIMING  DIAGRAM 


-•cs- 


MC  A/DAC  B 


1 


WHITE 


IMn%IN(DB„-QBj) 


♦5V 
0 

♦sy 


Ail. 


DATA  ^STABLE 


NOTES: 

1 .  ALL  INPiJT  SIGNAL  RISE  AND  FALL 

J  "Jul  I  f  -  ?  r.  'i1 .  TIMES  UIEASURED  FROM-mKlTSJOK 

ARE  tr  =  t(  =  20118. 

2.  TIMING  MEASUREME  

LEVEL  IS 

■$ 
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The  resolution  of  a  DAC  is  the  number  of  states  (2")  that  the  full- 
scale  range  (FSR)  is  divided  (or  resolved)  into;  where  n  is  equal 

to  the  number  of  bits. 

RELATIVE  ACCURACY  (INL) 

Relative  accuracy,  or  integral  nonlinearlty,  is  the  maximum 
deviation  of  the  analog  output  (from  the  ideal)  from  a  straight  line 
drawn  between  the  end  points.  It  is  expressed  In  terms  of  least 
significant  bits  (LSB),  or  as  a  percent  of  full-scale. 

DIFFERENTIAL  NONLINEARITY  (DNL) 

Differential  nonlinearlty  Is  the  worst  case  deviation  of  any  adja- 
cent analog  output  from  the  ideal  1  LSB  step  size.  The  deviation 
of  the  actual  "step  size"  from  the  ideal  step  size  of  1  LSB  is  called 
the  differential  nonlinearity  error  or  DNL.  DACs  with  DNL  greater 
than  ±1  may  be  non-monotonic.  ±1/2  LSB  INL  guarantees 
monotonicity  and  «1  LSB  fnaxlmum  DNL.  j  ^■ 

GAIN  ERROR  (G„.) 

Gain  error  is  the  dnrorence  between  the  actual  and  the  ideal 
analog  output  range,  expressed  as  a  percent  of  full-scale  or  in 
terms  of  LSB  value.  It  is  the  deviation  in  slope  of  the  DAC  trans- 
fer cheu-acteristic  from.ideal.  Zero  code  error  iS'  included  in 
this  measurement 

ZERO  CODE  ERROR  (V^g^) 

Zero  Code  Error  means,  for  the  DAC-8228  specification  table, 
the  amount  of  offset  voltage  referenced  to  i.e.,  V2  =  +2.5V, 
±10mV  offset  is  equal  to  +2.490V  to  +2.51  OV  referenced  to 

ground. 

See  Orientation  In  Digital-to-Anabg  Converters  Section  of  the 
current  data  book,  for  additional  parameter  definitions. 


GENERAL  CIRCUIT  DESCRIPTION 

The  DAC-8228  consists  of  two  voltage  output  amplifiers,  two 
high  accuracy  R-2R  resistor  ladder  networks,  an  8-bit  input 
buffer,  two  8-bit  DAC  registers,  and'tntertace  control  k>gjc  cir- 
cuitry. 

Also  included  are  16  single-pole,  double-throw  NMOS  transis- 
tor switches.  These  switches,  which  are  controlled  by  the  digiteU 


configuration  inverts  the  reference  input  voltage,  and  also  al- 
lows biasitig     atxive  digital  ground  simplifying  many  appHca- 

tions. 


REFERENCE  INPUT 


The  DAC-8228's  reference  input  voltage  range  is  limited  by  the 
internal  amplifier  voltage  swing.  The  amplifier  output  can  swing 
f  rom  OV  to  + 1 0V  when  p  =  + 1 4V;  note  that  the  output  voltage 
is  4  volts  less  than  '^^d'^od  maximum  voltage  that 

the  reference  input  can  accept  (but  in  the  negative  direction  due 
to  the  inverting  amplifier,  see  Figure  1).  Vj,gp  voltage  range  is 
OV  to  - 1  Vq  o  -4V I ;  in  equation^faH(^-4i^(ma)0  =  |  Voq-^V  |  . 

BUFFER  AMPLIFIER  SECTION 

The  DAC-8228  internal  amplifier's  output  stage  is  an  NPN  bipo- 
lar transistor  connected  to  a  450nA  current  source,  see  Figure 
2.  This  transistor  provides  a  low  output  impedance  that  can 
drive  5mA  across  a  2k  load.  In  fact,  it  can  drive  up  to  65mA,  but 
with  a  reduced  output  amplitude.  See  the  Output  Voltage  vs. 
Output  Source  Current  graph  under  the  typical  electrical  char- 
acteristics curves.  The  user  must  use  caution  that  the  package 
power  dissipation  Is  notstpeeded  wheti  driving  low  impedances 
and  high  currents. 


FIGURE  2:  AmplUier  Output  Sts^ 


FIGURE  1 :  Simplified  single  DAC  configuration  (switches  shown  for  all  digital  inputs  at  logic  "0"). 
-Hi'li     I  fpi  i>'j>HM»aMa— <— — . 


2UKi3e  •DmTAL-mAfm^tmm\m]i^ 


DAC-8228 


iRguro  3  depicts  a  typical  output  current-sink  versus  voltage 
jgraphforthe  amplifier's  output  stage.  It  stiows  ttie  output  com- 
!lng  out  of  its  saturation  region  and  starting  to  appear  resistive  as 
jthe  output  approaches  zero  volts.  ' 

The  amplifier's  internal  gain  stages  were  designed  to  maintain 
sufficient  gain  over  its  common  mode  range.This  results  in  good 
offset  performance  over  the  specified  voltage  range.  In  addition, 
the  amplifier's  offset  voltage  is  laser-trimmed  during  manufac- 
turing. This  eliminates  user  offset  trimming.  ■ 


^soo 

£  400 


1  1 

V„-«1SV 

|FI0U%3:  DACpuputCurrdntSink    J_  J_ 


DIGITAL  SECTION 

Figure  4  shows  one  digital  input  structure  of  ttie  DAC-822at:A 
built-in  5V  regulator  and  level  sfiifter  converts  TTL  digital  input 
signals  into  CMOS  levels  to  drive  ttie  internal  circuitry.  This  pte- 
vides  full  TTL  compatibility  over  a  V^^  range  of  5  to  15V.  I 


As  shown  in  Figure  4,  each  digital  input  is  protected  from  elec- 
trostatic-discharge with  two  internal  diodes  connected  between 
and  GND.  Each  input  has  a  typical  input  current  of  less  than 


aTHO  edf  won  elon  oet' 


'>«gdt  -'"Jan 


INTERFACE  CONTROL  INFORMATION 

DAC  SELECTION 

DAC  A  and  DAC  B  both  share  a  common  8-bit  input  port.  The  . 
control  input,  DAC  A/DAC  B,  selects  which  DAC  can  accept  data 
from  the  input  port.  A  logic  low  selects  DAG  A  and  a  logic  high  | 
selects  DAC  B.  I 


>R,of  tttljseJeciad  DAcj 


DAC  OPERATION 

Inputs  CS  and  WR  control  the 

See  Mode  Selection  T0ls  feBleiw.  !     J  I 

WRITE  MODE   " ~ 

When  CS  and  WR  are  both  low,  the  selected  DAC  Is  in  the  write 
mode.  The  input  buffer  and  DAC  register  of  the  selected  DAC 
are  transparent  and  its  ahatog  output  responds  to  the  codes  on 

the  digital  input  pins. 

HOLD  MODE 

The  selected  DAC  register  latches  the  data  present  on  the  digi- 
tal input  pins  just  prior  to  CS  and  WR  assuming  a  high  state.  Both 
analog  outputs  remain  at  the  values  corresponding  to  the  data 

MODE  SELECTION  TABLE 
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FIGURE  4:  Simpia 
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DAC-8228 


APPLICATIONS  INFORMATION 

Rgure  5  shows  the  DAC-8228  configured  to  operate  with  V^, 
biased  above  ground.  Note  how  the  reference  source  is  con- 
nected between  and  ground;  also  note  how  the  DAC's  V^^p 
pin  is  connected  directly  to  ground.  Not  shown  but  equally  im- 
portant is  that  the  reference  voltage  source  at  is  common  to 
both  DAC  A  and  DAC  B. 


r 


J  .8  OA.' 


•out 
GND 


T 


■  DKSn-AL  aRCUITflV  OMfTTED  FOR  SIHPUCrpr. 


FIGURE5:  Stn^Supp/yC^^i/(atfM#«£;^i^£l%|^^w9t9 


The  +2.5V  reference  voltage  is  obtained  from  PMI's  REF-03;  if 
greater  accuracy  is  desired,  use  the  REF-43.  The  REF-02  or 
REF-QU^^ependirig  pn  accuracy  required,  can  be  used  for  -i-5V 
applications.    '  '  ■  ]  j 

The  transfer  equation  for  the  circuit  of  Figure  5  Is: 

VouT  =  Vz(1+D/256) 

where 


=  Reference  voltage  applied  to 
D  ==  whole  number  binary  digital  ir>pm  ~ 

With  all  1s  «it  ii«.i^ttal  inputs  for  the  circuit  of  Figure  5,  y^^j-^ 
results  in:  < 

Vqut  =  2.5(1  +  255/256)  ,  -• 

=  +5V  '         :  -' 

And  with  all  Os  on  all  digital  inputs:"  ■  ' ' 

VouT  =  +2.5V 

Note  that  this  configuration's  output  voltage  range  is  determined 
by  the  input  reference  voltage  and  V^.  A  digital  zero  input  pro- 
vides an  output  voltage  equal  to  V^.  An  all  ones  digital  input 
provides  an  output  voltage  equal  to:  ^(V^-V^gp). 

Figure  6  shows  a  plot  of  Relative  Accuracy  versus  voltage. 

Figure  7  shows  the  DAC-8228  in  another  single  supply  configu- 
ration. In  this  circuit,  a  PMI  REF-08  is  used  for  the  reference 
voltage  source  and  V2  is  grounded.  The  output  swings  from  OV 
to  +1  OV,  see  Figure  8. 


RELATIVE  ACCURACY  vs  V, 
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FIGURES:  Relative  Accuracy  vs: 


1/2  DAC.8228' 
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FIGURE?:  Single  Supply  Con»geimBm^V^i.<  V^j-^i+dOV) 


RELATIVE  ACCURACY 
vs  CODE  (Vrep=  -10V,  Vj  =  OV) 
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FIGURES:  Relative  Accuracy  vs.  \/„„('V'  =010 
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MICROPROCESSOR  INTERFACE  CIRCUITS 

The  DAC-8228's  versatile  input  structure  allows  direct  interface 
to  8-  or  16-bit  microprocessors.  Its  simplicity  reduces  tine  num- 
ber of  required  glue  logic  components.  Figures  9  and  10  show 
the  DAC-8228  interface  configurations  with  the  6800  and  8085 
microptooessors. 


ADDRESS  BUS 


ADDRESS 
DECODE 
LOGIC 


"4 


DAC-8228' 
_  I  DAC  bS 


'  ANALOG  CIRCUITRY  OMITTED  FOR  SIMPLICITY 


FIGURE  9:  DAC-8228  Interface  to  6800  Microprocessor 


ADg -ADj 


ADDRESS  BUS 


ADDRESS 
DECODE 
LOGIC 


DACA/DACB 
OS  I  DAC  a) 
DAC-8228' 
WR  I  DAC 
DB„ 


ADDR/DATA:BUS  , 


•  ANALOG  CIRCUITRY  OMITTED  FOR  SIMPLICITY 


NOTE; 

8085  INSTRUCTION  SHLD  (STORE  H  &  L  DIRECT)  CAN  UPDATE 
BOTH  DACs  WITH  DATA  FROM  H  AND  L  REGESTERS. 


FIGURE  10;  DAC-8228  Interface  to  8085  Microprocessor 


REV.  A 


I 


2-7040  OlGITALrm-ANMOSCm^mJmS 


FEATURES 

•  Two  8-Bjt  DACs  In  A  Single  Chip 

•  Adjustment-Free  Internal  CMOS  Ampiifiers  0 

•  Single  or  Dual  Supply  Operation 

•  TTL  Compatible  Over  Full  Range 

•  5  Microsecond  Settling  Time 

•  Fast  Interface  Timing  t^^sSOm 

•  Improved  Resistance  to  ESD 

•  Fits  AD/PM-7528  And  AD/PM-7628  Socket* 

•  Available  In  Small  Outline  Package  . 

•  -40°C  to  t{B?£.tW  jMNl«feg»fWlWfe>»M*W»Wal  Temperature 
Range    ~  ^ 

j»  Available  liiDie  Fofiri 


ORDERING  INFORMATION^ 


PACKAGE:  2IMHN  OHVSOL 


RELATIVE 
ACCURACY 

±1/2  LSB 
±1/2LSB 
±1/2LSB 


■i'^'^mst^»  "^'s!  MousmiAL 

GAIN  TEMPERATURE  TEMPERATURE 

ERROR         -55XtO'l'125°C  -U'CtO-feSfC 


±2LSB 
±2LSB 
±2LSB 


DAC8229AR 


*  For  devices  processed  in  total  compliance  to  MIL-iSTD-883|t 

number.  Consult  factory  for  883  data  stieet. 
t  All  commercial  and  industrial  temperature  range  parts  are  available  with  burrM 

in. 

tt  Cerdip  and  epoxy  packaged  devices  available  in  the  extended  industrial  tem^ 
perature  range. 


Applications 

•  Automatic  Test  Ecpitpimint    ^ia-roS 

•  Procesa/lndustriill  Cof«ie^^, '  h.:r-^ -.^  -^t.  >i  .^v-  : 

•  Energy  Controls 

•  Programmable  Instrumentation 

•  Disk  Drive  Sysi 


GENERAL  DESCRIPTION 

Tlie  DAC-8229  is  a  dual  8-bit,  voltage  output,  multiplying  CMOS 
D/A  converter.  Its  reference  input  accepts  a  ±2.5V  signal,  In- 
verts and  delivers  it  to  the  output  with  an  internal  amplifier.  It  can 
q|s&accept-10V  at  V^^p  with  a  corresponding  +1  OVoutput  (the 
maximum  positive  input  signal  that  it  can  accept  is  +2.5V). 

The  DAC-8229  was  designed  to  operate  with  dual  supplies; 
t^^ievsr,  it  can  biSepiMprwith  a  single  wppi^]^  connecting 
—  —    Conb'nuBd 

FUNCTIONAL  DIAGRAM 


PJNCOJMNECTIONS 
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GENERAL  DESCRIPTION  Continued 

Vgg,  AGND  A,  and  AGND  B  to  ground.  Its  operating  character- 


f  to  that  of  the  DAC-8228  (whose  pin-out 
DiPM-7528  and.AO/PM-7628  soclc- 


Isticswlllthei] 
■allows  li.Ml 
ets). 

An  internal  regulator  provides  TTL  logic  compatibility  and  fast 
rtiicroprocelsoi;  Interface  timing  over  the  full  Vqq  range.  Also, 
each  DAC  input  latch  Is-addr^eUsle  for  easy  microprocessor 
interfacing. 

The  □AC-8229  dissipates  less  than  1 09mW  In  the  space-saving 
20-pin  0.3"  DIP  or  the  20-iead  SO  surface-mount  pacteige.  Its 
compact  size,  low  power,  and  economical  cost  per  channel, 
make  It  attractive  10)' applications  requiring  multiple  p/A  ponv^rt- 
eFs  wtthout  sacrificing  circuit-board  space.  .Reduced  parts 
count  also  improves  system  reliability. 

PMI's  advanced  oxide-isolated,  silicon-gate  CMOS  process, 
coupled  with  PMI's  highly-stable  thin-film  R-2R  resistor  leuider, 
offers  superior  matching  and  temperature  tracking  between 

DACs. 

The  DAC-8229  offers  cerdip  or  epoxy  packaged  devices  in  the 

rof-40°Cto+K°C. 


oe  l  V  J 


ABSOLUTE  MAXIMUM  RATINGS  (T^=^25°C,  unless  oth- 
enwise  noted.) 

V„otoAGNDorDGND  -0.3V,  +17 

w_.  to  AGND  or  DGhia~.;;.:...;;:...rr~rn3:.  -7v,  w^^ 

VootoV.-  -0.3V,  +24V 

AGND  to  DGND  -0.3V,  Vp^ 

Digital  Input  Voltage  to  GND  -0.3V,  \^ 

Vpgpto  AGND  -17V,  +4V 

Vo^j^toAGND  (Notel)  ,  Vgs.V^;, 

Operating  Temperature  Range  ; 

DAC-8229AR  Version  -55°C  to  +125°C 

DAC-8229ER/FP/FS  Versions  -40°C  to  +85°C 

Junction  Temperature  +1 50°C 

Storage  Temperature  -65°C  to  +1 50°C 

Lead  Temperature  (Soldering,  60  sec)  +300°C 

PACKAGE  TYPE  e,^  (NOTE  3)  Sj^  UNITS 

20-Pin  Hermetic  DIP  (R)   76  11  'C/W 

20-Pln  Plaslic  DIP  (P)  69  27  'C/W 

20-PlnSOL(S)  88  25  "C/W 

NOTES: 

1 .  Outputs  may  be  shorted  to  any  terminal  provided  the  pacl<age  power  diseipa- 
tion  is  not  exceeded.  Typical  output  short-circuit  current  to  AGND  Is  SOmA. 

2.  Use  proper  antistatic  handling  procedures  when  handling  these  devices. 

3.  Bf.  Is  specified  for  worst  case  mounting  conditions,  i.e.,  e,j^  Is  specified  for 

oowoHHiTO'  pnn  Wo  circunDoara  tot  oul  fnuKHys. 


ELECTI#l^g!eHAIIACTERISTICS  at  V^^  =  +11.4V  or  +15.75V;  Vgg  =  -5V  ±10%;  V^^p  =  ±2.5V;  AGND  =  QV;  T^  =  Full  Tem- 
perature Range  specified  under  At>solute  Maximum  Ratings,  unless  otherwise  noted. 


PARAMETER 

SYM^bCH..  bMnfnoNS 

MIN 

DAC-8229 

TVP  MAX 

uNrrs 

STATWAceimAcy  - 

(Nolal) 

Resolution 

N 

Biis 

Relative  Accuracy 
(Note  2.10) 

ML 

Differential  NonPnearlty 
(Notes.  10) 

DNL 

±1 

LS8' 

!  Gain  Error 

  s2 

LSB 

(Note  10) 

Gain  Error 

1 

Temperature  Coeflldlent 

Tca„ 

>O.00aS  s0.002 

(Note  4, 10) 

ZeroGabiError     ~  " 

±10 

mv 

(Note  10) 

^ZSE  j 

Zero  Code  Error 

TempefBlufB  Coefficient 

±5 

(Note  4, 10) 


REFERENCE  INPUT  r 

(Note  8)  i 


Input  Resistance 
(Notes) 

"in 

7  1 

1 

■  1S 

kO 

Input  Resistanoe  Match 

.  mn  

±0.1 

±1 

% 

Input  Capadtancs 
'  (Nate4) 

9 

20 

pF 

DAC-8229 


ELECTRICAL  CHARACTERISTICS  at  V^^  =  +1 1.4V  or  +1 5.75V;  Vgg  =  -5V±10%;  V^^p  =  ±2.5V;  AGND  =  OV;  =  Full  Tem- 
peratuciJIinoakspeciflecl  under  Absolute  Maximum  Ratings,  unless  otherwise  noted.  Continued 


PARAMETER 

SYMBOL 

coNorriONS 

MM 

DAC-8229 
TYP 

MAX 

MQITAL  INPUTS 

DIgltallnputHIgh 

.^INM:  , 

2.4 

- 

V 

Digital  Input  Low 

■    ■  «!*.'*' 

jl  I    i.^     Jr.      'A  ■  -  .  . 

0.8 

V 

Input  Outwent 

'in  61 

 — — lAT  ■■■  '  T  

ViN'OVorV^ 

±1 

mA 

■nputCaptOfence  : 
(Note*)- 

''IN  ^ 

4 

8 

PF. 

POWEfl  SUPPLIES 

Positive  Supply  Currm* 
(Note  6) 

<DD 

6 

MA 

 - 

Negative  Supply  Cunsnt 
(Notes) 

'ss 

5 

mA 

DC  Power  Supply 
Rslection  Ratio 

.  (AQaln/^V^oXNotftlO) 

PSRR 

t).01 

%/» 

DVNAMIC  PERFORMANCE 

SlewHmB(VouTJ 

..  SR. 

Ta  =  25°C                      ■  . 

...  .vg^-asv  — ■•  •  "' 

Dlgllallnpub^aVIO'iev 

 =^{Mi:3^le■ 

ja>  

Positive  or  Negative 

(Notes  4,7) 

■s 

V„,,  =  -2.5V 

Digital  Inputs  =  OVto  +5V  tiKiQWi3 

2 

5 

Channel-to-Ctiannel  ' 
laoiatlan(Note4) 

,oa 

VREFB'»VouT*"V„,^tOVou^ 

VREFB=V„EpA=20V„©t.iai<Hl 

 80 

s 

1  fc.  -  41) 

LngnamrDSSUK 
'^(Nelw4,8) 

For  Code  Transition 
0000 0000  to  nil  1111 

4 

10 

on-  rjj^ 
(BeKi'il 

AC  Feedthrough 
(Notes  4,  t1) 

Ft 

T^.25-C 

T^  =  Full  Temp.  Range 

-70 
-65 

CNp  Sated  to 
^MleSel-UpTlnw 

ts 

60 

Chip  Select  lo 
\iime  Hold  Time 

10 

'«iii3Niia 

DACSetedto 
MrltaSet-UpTlme 

'as 

60 

ns 

a^Setodlo 
Write  HoW  Time 

*AH  

ia 

ra 

Qa|a  Valid  to 
Write  Set-Up  Time 

60 

1. 

Data  Valid  to 
Write  Hold  Time 

>DH 

10 

ns 

Wills  Pulse  WkMi 

•WR 

so 

NOTES:  -      .  . 

1.  SpedficaliansapplytobottiDACAandDACB. 

2.  Tills  is  an  endpoint  linearity  specification. 

3.  Alt  devices  are  guaranteed  to  be  monotonicovertliefull  operating  temperature  range. 

4.  These  characteristics  arefordesignguldanceonlyandarenotsubjectto  production 


«■  v„, 


P  voltage  range  Is  -taVteMWIheaMuM  madmiini  negallwevalwls: 


S.  InputreaiatincelampeialiirecaeNclants'taoOppiiira. 
7.  V„gp.*2.«r;«DwlimMiillMMB>1/BLSB. 


|VrefI  =  Vop-»V. 

9.  Digital  crosstaiii  Is  a  measure  of  the  amount  of  digital  Input  pulse  appearing  at  the 
analog  output  of  the  unseiected  DAC  while  applying  it  to  the  digital  inputs  of  the 
otherDAC.  ■      -  '  ■  ' 

.ci.ji.  <  "ui'O  HH  »'>lii§DK^  fnow^^^oc  usHc^^r  ci  yie*%l  lluiinsO  <r)ffniu!iawitoe^i>w*s 
V_||^«^_^*  WsajSkHMMOf  -  lOkHz; 


flBCi'A 


1.  ANALOG  GROUND  (AGND  A) 

2.  NEGATIVE  POWER  SUPPLY  (Vjj) 
X  VOLTAGE  OUTPUT  (Vg^T  A) 

C  DAC  A  REFERENCE  INPUT  (V^^p  A) 

5.  DIGITAL  GROUND  (DGND) 

&  biOrTAL  SELECTION  (DAC  A/DACB) 

7.  DIGITAL  INPUT  OB,  QNSe;-  : 

8.  DIGITAL  INPUT  DB,  ' 

9.  DIGITAL  INPUT  DB, 
10.  DIGITALINPUTDB. 


11.  DIGITAL  INPUT  DB, 

12.  DIGITAL  INPUT  DB, 
ia  DIGITAL  INPUT  DB, 

T4.  DIGITAL  INPUT^Bg(LSB) 

15.  CHIP  SELECT  (OS) 

16.  WRITE  (WH) 

1 7.  POSITIVE  POWER  SUPPLY  (V^o) 

1 8.  DAC  B  REFERENCE  INPUT  B) 

19.  VOLTAGE  OUTPUT  (VouxB) 
20l  ANMiOGGiKMJNDCAQNDB) 


Subsirot*  (die  backside)  Is  Internally  eonnaeted  tg  Vgg. 


DIE  SIZE  0.082  x  0.1 1 1 1nch,  9,102  sq.  mils 
PJD9  X  2.82  mm.  5.87  aq.  mm) 


WAFER  TEST  UMltS  at  V^^ 

=  +11.4Vor+15.75V;Vgg  =  -5V±  10%:V„g^-*a.SV:AGND  =  0V;T^  =  +25°C. 

-PARAMETER 

DAC«229Cee 

SYMBOL                    CONDfnONS                                                                     T]MIT                              ,  ,  UNITS 

Relative  Accuniqr 
(Note  3) 

INL 

EndpokitUnearlty  Error                                                    ±1/2  LSBMAX 

Differential  Nonlinearlty 
(Notes  1 . 3) 

f  DNL 

,      .                                                                                        ■.  LSDMMC 

Gain  Error  ^. 
(Notes) 

*■ 

DACLalche6Loadedwtth11111111  LSBMAX 

ZtgreCodeBror  ' 
(Note  3) 

alO                        ^rr  <inVMAX 

Input  Resistance 

"in 

Pad4andl8                                                            WSi^  '?    '  '   L *DftiliWfQ 

V„efAA/„fB  Input 
Resistance  Match 

"in 

•.0                                                                                     saM  '»MAX 

Digital  Input 
High 

v,„ 

.Z4  VMIN 

Digital  Input 
low 

{jOS  VMAX 

Input  CuiTent 

.  'in 

V,„=OVorVj,o                                                                        »1                           _  iiAMAX 

DC  Supply  Rejection  

(AGain/AVj,Q) 

PSRR 

V[,o  =  *5%                                                                           0.01  %/%MAX 

(Notes) 

Positive  Supply  Current 
'^(NoteZ) 

<0D 

6  rnAMAX 

Negative  Supply  Current 

1.. 

.        S        -  mAMAX 

(iMote  Z) 

NOTES: 

1 .  All  dice  guaranteed  monotonic  over  the  full  operating  temperature  range. 

2.  V|^  =  V|^|^orV|^^;outputunloaded. 

3.  Vp^p  =  +2.5V.Rp^^^QQy,„s20l<a(apulldownresistortoVggisusedforthesete3ts). 

ElTCtrical  testa  are  perforitied  at  wafer  protie  to  the  limits  shown.  Due  to  variations  In  assembly  methods  and  normal  yield  loss,  yield  after  packaging 
s^dard  nmtatSiig^SSUIiMlffory  to  negotiate  speclficatlonB  tiased  on  dice  lot  qiiMMMtithtattBAMnple  lot  assembly  and  testlno. 


is  not  guaranteedfor 
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TYPICAL  PERFORMANCE  CHARACTERTISTICS 


DAC  A-TO-DAC  B  MATCHING 
(DACsA&BARE 
SUPERIMPOSED) 


— I — r 

"Vo„=.UV  " 
0-3  -Vh£p  =  -10V-" 
0.2 


RELATIVE  ACCURACY  (DAC  A) 
vs  CODE  AT  Ta  =  -55°C,  +25°C, 
+125°C  (SUPERIMPOSED) 
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_  'RE 

- 

V 

DIFFERENTIAL  NONLINEARITY 
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RELATIVE  ACCURACY 
vs  REFERENCE  VOLTAGE 


RELATIVE  ACCURACY 
vs  REFERENCE  VOLTAGE 


SUPPLY  CURRENT  VS 


DiG 


S  = 


VOLTAGE 


+15V 
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 ^ 
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n(iinu.MPUTvaLTiMi-%(iniM 


FULL-SCALE  GAIN  ERROR 
vs TEMPERATURE 
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a 

ZERO  CODE  ERROR 
vs  TEMPERATURE 


tEMPEIUniRErCI 


POWER  SUPPLY  REJECTION 
vs  TEMPERATURE 
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TYPICAL  PERFORMANCE  CHARACTERISTICS  Continued 


POWER  SUPPLY  CURRENT  TOTAL  HARMONIC  <    i  vj-  vT    .    '  U 

vs  TEMPERATURE  DISTORTION  vs  FREQUENCY  .:■ 


WRITE  CYCLE  TIMING  DIAGRAM 


DATA  IN  {DB.-DB^) 


DATA  IN  STABLE 


NOIES: 

i.  ALLMPUTSIGHALRISEANDFALL 
TIMES  MEASUiSD  FROM  10%  TO  90% 
AREt,>t,-20l». 

Z  TIMING  MEASU^EM^meSnMpE 
LEVELISV,„«V|,. 


DAC^ 


BURN-IN  CIRCUIT 


lOQ 


+ 


r 


NOTES: 
I.CislOiiF 
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PARAMETER  DEFINI 
RESOLUTION  (N) 

The  resolution  of  a  DAC  is  the  number  of  states  (2")  that  the  full- 
scale  range  (FSR)  is  divided  (or  resolved)  into;  where  n  is  equal 
tothenMrnborotbAB.    iaT>wi-u,,v  ; 


RELATIVE  ACCURACY  (IN^ 

Relative  accuracy,  or  intd^i 


deviation  of  the  analog  output  (from  the  ideal)  f 
drawn  between  the  end  points.  It  is  expressed  in  tsmS'Sf  H 
significant  bit  (LSB),  or  as  a  percent  of  fuils 

DIFFERENTIAL  NONLINEARITY  (DNL) 

Differential  nonlinearity  is  the  worst  case  deviation  of  any  adja- 
cent analog  output  from  the  ideal  1  LSB  step  size.  The  deviation 


of  the  actual  "step  size"  from  the  ideal  step  size  of  1  LSB  is  called 
the  differential  nonlinearity  error  or  DNL.  DACs  with  DNL 
greater  than  ±1  LSB  may  be  non-monotonic.  ±1/2  LSB  INL 
guarantees  monotonlci^^^mcl  :i^-LSBirraD^um  DNL. 

GAIN  ERROR  (G^g^) 

Gain  error  is  the  difference  between  the  actual  and  the  ideal 
analog  output  range,  expressed  as  a  percent  of  full-scale  or  in 
terms  of  LSB  value.  It  is  the  deviation  in  Slope  of  the  DAC  trans- 
fer characteristic  from  ideal.  Zero  code  error  is  not  tnduded  in 
this  measurement. 

See  Orientatbn  in  Digital-to-Analog  Converters  Section  of  the 
current  data  bool<,  for  additional  parameter  definitions,  . 

..  v- 

GENERAL  CIRCUIT  DESCRIPTION 

The  DAC-8229  consists  of  two  voltage  output  amplifiers,  two 
high  accuracy  R-2R  resistor  ladder  networl(S,  an  8-bit  input 
buffer,  two  frlA@AC  registers,  and  interface  control  logic  cir- 
cuitry. 

Also  included  are  16  singie-pola,tloi:fli^«W)%'»'MOS  transi't^ 
tor  switches.  These  switches,  which  am  eM^led  by  the  dignil 
input  code,  were  designedUo  switch^eiRitfi  R-2R'riai^6r'Mg 
l^ween  the  amplifier  inverting  input  and  AGND. 
^ImplifteS  eimutt'of  the  R-2R  resistor  ladder  and  output  ampli- 
fier is  illustrated  in  Rgure  1  Pthe  ^igii^  birfviaiied  from  the  Vp^^ 
input  to  the  outputi  NoteitNetOiMogsgKMAtfCAGND)  is  accigiso^ 
sibleand  can  bebiassd«Mk»<dgl«ll  gfS^^ND)  for  somSi 
applications;  mofsi  on  ttHM*  (Hd^-apig^^^nB  section  undet^ 
Single  Supply  Operation:  -     ?  sill  ni  aeis-a-)"  leit'.^.iw 

REFERENCE  INPUT 

The  DAC-8229's  internal  output  amplifier  has  a  maximum  volt- 
age swing  in  the  negative  direction  of -2.5V  (limited  by  Vgg).  |n 


FIGURE  1 :  Simplified  single  DAC  configuration  (switclies  shown  for  all  digital  inputs  at  logic  'Cf). 


<««■■ 


•■It  • 
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me  posnive  airecnon,  tlievaltag»awing  ialimitpdto4Vlessttian 
Vqq.  These  limitations  set  the  maximum  1eveis  ttKd'tti»  refer- 
.^ce  Input  (V^gp)  can  accept.  Note  that  the  positive  V^^p  limit  is 
set  by  the  negative  supply  voltage,  Vgg,  and  the  negative  V^^p 

limit  is  set  by  O/^^-AV). 

For  example,  maximum  V^^p  input  in  the  positive  direction  is 
+2.5V  and  -1 1 V  with  V^^  =  +1 5V.  The  equation  for  the  absolute 


value  in  the  negative  direction  takes  the  form  of: 

bf^^^j^v   The  equation  shows  ttiat  -8V  is  the  maximum  voltage  that  can 
applied  in  thefiegative  dir«cti&n  at  V^^^  with  V^^  =  +1 2V. 
The  DAC-8229's  output  volts^'il^ljkBbll  t^:  "  ' 


where  D  is  the  digital  Input  code  number  that  Is  between  0  and 
255. 


BUFFER  AMPLIFIER  SECTION 

The  DAC-8229's  amplifier  output  stage  is  an  NPN  bipolar  tran- 
sistor. This  transistor  provides  a  low-impedance  high-output 
current  capability.  The  emitter  of  the  NPN  transistor  is  loaded 
with  a  450nA  NMOS  current  source  that  is  connected  to  Vg^; 
(see  Figure  2).  This  current  is  sunk  into  the  negative  supply  al- 
lowing the  amplifier's  output  to  go  to  -2.5V. 
Figure  3  depicts  a  typical  output  current-sink  versus  voltage 
graph  for  the  DAC-8229.  It  shows  the  output  amplifier's  current 
sink  capability  with  Vgg  =  -5V  and  OV.  With  Vgg  =  -5V,  the 
amplifier  still  operates  in  the  saturation  region  as  the  output 
goes  to  zero;  however,  with  Vgg  =  OV,  the  amplifier  comes  out  of 
its  saturation  region  and  starts  appearing  iB^liUvv'astlte  'QUtpUt 
approaches  zero. 

The  DAC-8229's  internal  amplifiers  can  each  drive  +10  volts 
across  a  2kQ  load,  sourcing  5mA.  In  fact,  they  can  drive  up  to 
65mA,  but  with  a  reduced  output  amplitude.  See  the  Output 
Source  Current  graph  under  the  typical  electrical  characteristic 


curves.  The  user  must  use  caution  that  the  padcdQe  ponrar 
disslpeifion  is  not  exeeded  when  driving  low  impedances  and 
high  currents.  Mowever,  as  seen  In  Figure  3.  the  amplifier  has 
limited  current  sink  capability.  Signal  waveforms  can  be  im- 
proved CtSnsiderably  by  adding  a  pull-down  resistor  at  each 
amplHldr  outpiit.  For  example,  pulling  a  2kQ  load  down  to  -2.5V 
requires  a  1  kQ  pull-down  resistor  (connected  to  SV)  The  ac- 
companyrng  scope  photographs  show  the  effects  of  operating 
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FIGURE  3:  DAC  Output  Current  Sink 


PHOTO  A:  Multiplying  Mode  (f  =  IkHZ,  No  Pull-down) 


FIGURE  2:  AmplUier  Output  Stage 


PHOTO  B:  MuUplyIng  Mode  (f  =  IkHZ.  withlkQ  Put-doum) 
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A  is  that  without  the  pull-down  resistor,  and  B  with  the  1  kQ  pull- 
down resistor.  Note  signal  improvement  using  the  pull-down 
resistor.  Figure  4  shows  this  circuit  configuration  and  the  table 
lists  attierrai^^|Hg^  r 


LOAD 

=  +15V;  Vgg  =  -SV)  

2kn 

 ika 

5kQ 

>  4kQ 

-   ibai- 

  lOkQ 

■  lSkQ 

r  >)  '  l;2kQ'  .  V  0 

2bkQ 

  16kQ 

25kQ 

400kQ 

>30kQ 

None  Required 

■HBP  'IIO 

J  I 


10  0     0  0  f 


FIGURE  4:  R  a,„  and  fl„„„  C/fcutf  Configuration  wUh 
theDA08229  '-  '   r   '     r  r   r  C 


and  Vgg  =  -SV.  See  the  Relative  Accuracy  vs.  Reference  Volt- 
age graphs  under  the  typical  characteristics  curves.  The  graphs 
are  shown  with  and  without  a  2ka  pull-down  resistor.  Note  iwii 
the  DAC  stays  within  the  specifiecHlinK«««ptwhen^^^  mSStf 
and  without  the  pull-down  resistor. 

The  amplifier's  Internal  gain  stages  were  designed  to  maintain 
sufficient  gain  over  its  common  mode  range.  This  results  in 
good  offset  performance  over  the  specified  voltage  range.  In  I 
addition,  the  amplifier's  offset  voltage  is  laser-trimmed  during 
manufacturing.  This  eUfflbiBies  uw  offiMtfimmliig  Ig  many  I 
applications.  |  ,i 

>           I--  >. 
DIGITAL  SECTION     

Figure  5  shows'blrie  jdrttlMli>t(r^Mli^^i(}f  i^e  eOf^OSsM 
built-in  SV  regulator  and  level  shifter  converts  TTL  digital  input 
signals  into  CMOS  levels  to  drive  the  internal  circuitry.  Thif 
provides  full  TTL  compatibility  over  a    p  range  of  5  to  1 5V.  ' ' 

As  shown  in  Figure  5,  each  digital  input  Is  protected  from  elec-' 
tfostatic-discharge  with  two  internal  diodes  connected  between 
V„_  and  DGND.  Each  input  has  a  typical  input  current  of  less 


INTERFACE  CONTROL  INFORMATION  -ir 

DAC  SELECTION 

DAC  A  and  DAC  B  both  share  a  common  8-blt  input  port.  The 
control  input,  DAC  A/DAC  B,  selects  which  DAC  can  accept  data 
from  the  input  port.  A  logic  low  selects  DAC  A  and  a  logic  high 
selects  DAC  B. 


DA0.; 


DAC  OPERATION 

Inputs  CS  and  WR  control  the  operation  of  the 
See  Mode  Selection  TableMow>  


WRITEMODE  

When  CS  and  WR  are  both  low,  the  selected  DAC  is  in  the  write 
mode.  The  input  buffer  and  DAC  register  of  the  selected  DAC 
are  transparent  and  itBWiftB  ouMjt  msipKla  IMhe  ^Qiee  0* 
the  digital  input  pins.|  .     -  'I  | 


DIGITAL  rti 

INPUT  O  ^W>- 


i 


TO  B  _ 
'  NMOS#mtCM» 


FIGURE  5:  Simplified  Digital  input  StructuK 
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DAC-8229 


HOLD  MODE 

The  selected  DAC  register  latches  the  data  present  on  the  digi- 
tal input  pins  just  prior  to  CS  and  WR  assuming  a  high  state. 
Both  analog  outputs  remain  at  the  values  corresponding  to  the 
data  in  thetrtespai|jKs  legister^;  . 


DAC  A/ 
DAC  B 

CS 

WR 

DAC  A 

DAC  B 

L  > 

WRITE 

HOLD 

H 

L 

L 

HOLD 

wnrre 

X 

H 

X 

HOLD 

HOLD 

X 

X 

H 

HOLD 

HOLD 

L  =  Low  State    H  =  High  State  X  =  Don't  Care 


APPLICATIONS  INFORMATION 

UNIPOLAR  OPERATION 

Figure  6  shows  the  DAC-8229  configured  to  operate  in  the 
unipolar  mode,  and  Table  1  shows  the  corresponding  code 
table.  The  equation  ton  LSB  and  the  analog  output  voltage  is: 

1  LSB  =  Vpgp  xr»,  orVpgp  x  1/256 


and 


OtTAIMIO^mJO: 

=  Vref'<D/256 


wftsre-&Js  the  digital  input  number  betwee/i  0  and  255. 


Vref* 
O 


«GNO* 

 O  


DSHD 

— o— 


V3S 


•DIGFTAL  CIRCUITRY  OMITTED  FOR  SIMPLICITY 


FIGURE  6:  Unipolar  Operation 


TABLE  1 :  Unipolar  Code  Table  (Refer  to  Figure  6) 


DAC  DATA  INPUT 
LSB 


MSB 


ANALOG  OUTPUT 


1111  1111 


1  0  0  0     0  0  0  1 


V256' 


M,i;  ^256/  2 


0  1   1  f ''1   1   1  1 


-Vref(1^ 

V; 


256 


0  0  0  0     0  0  0  1 


256' 


OOOQ  OOOO 


OV 


BIPOLAR  OPERATION 

Figure  7  shows  the  DAC-8229  configured  in  the  bipolar  mode  of 
operation.  This  configuration  requires  an  external  amplifier  and 
four  resistors.  To  keep  gain  and  offset  errors  at  a  minimum,  the 
external  resistors  should  be  matched  to  ±0.1%  and  track  over 
the  operating  temperature  range  of  interest. 
Table  2  shows  the  corresponding  code  table. 

TABLE  2:  Bipolar  (Offset  Binary)  Code  Table  (Refer  to 

Figure  7)  , 


DAC  DATA  INPUT 

1  MSB 

LSB 

lllliALdG  OUTPUT 

1111 

1111 

Vl28' 

10  0  0 

0  0  0  1  „ 

M28/ 

10  0  0 

0  0  0  0 

OV  — 

0  111 

1111 

VI 28/ 

0  0  0  0 

0  0  0  1 

 Vl28/ 

0  O-O  0 

0  0  0  0- 

-       -VREF(i^)  =  -VREF 
'  Vl28/ 

M^osd  wm'AL'iWf-AfiMLO&cofiivefrtMs 


*ev;a 


DAC-8229 
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1/2DA&^9* 


— O  AV- 


1  ASNDA 

 O  


DOND 

— o — 


Vgs  DnnALCHCUfTRTOHrnEDFORSWPUCfrV 


SINGLE  SUPPLY  OPERATION 

Some  applications  require  the  AGND  pin  to  be  biased  above 
ground  for  single  supply  operation.  A  popular  scheme  is  shown 
in  Figure  8.  It  consists  of  connecting  a  +2.5  volt  reference  (such 
as  PMI's  REF-03)  to  the  AGND  pin,  V^^p  and  Vgg  pins 
grounded,  and  +12V  to  Vq^.  Both  DAC  A  and  DAC  B  AGND 
pins  are  separate  and  can  be  Independen^MiNd. 
The  resulting  transfer  equation  Is: 

Vou^(D)  =  2.5(1  +D/256) 

where  D  is  the  whole  number  binary  digital  input. 

VQu^^forthe  circuit  of  Figure  8  results  in: 

VoyT.(255)  =  2.5(1  +  255/256)  =  +5V 
Vout(0)  =  +2.5V. 


Figure  9  shows  a  typical  plot  of  the  DAC-8229  In  the  single- 
supply  configuration  of  Figure  8.  It  Is  plotted  for  various  values 
of  AGND  voltage  biased  above  ground.  It  shows  relative  accu- 
racy degrading  as  AGND  is  taken  above  +4V;  however.  It  con- 
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FIGURE  9:  Relative  Accuracy  vs.  AGND 


FIGURE  8:  Single  Supply  Configuration 
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MICROPROCESSOR  INTERFACE  CIRCUITS 

The  DAC-8229's  versatile  input  structure  allows  direct  interface 
to  8-  or  1 6-bit  microprocessors.  Its  simplicity  reduces  the  num- 
ber of  required  glue  logic  components.  Figures  1 0  and  1 1  show 
the  DAC-8229  interface  configurations  with  the  6800  and  8085 
:tnicroproce(MI!*.i 
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■ANALOQ  CIRCUITRY  OMnTED  FOR  SHIPUGfTY 


FIGURE  10:  DAC-8229jntfrf^.ta.pggp  Microprocessor 
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DAC  A/DAC  B 
CS       I  DAC  A^ 
DAC-8229* 
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ADDR/DATA  BUS 


■ANALOO  aPCUrTRV  OMTTTED  FOR  SIMPUOTY 
NOTE: 

8085 MSTRUCnON  SHLO  (STORE  HAL  OIRECTl  CAN  UPDATE 
BOni  DAO  Wrm  DATA  FROM  H  AND  L  REOISTBIS. 


FIGURE  1 1 :  DAC-8229  Interfaee-^j^^&^^li^^^m^ce^t 
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FEATURES 

*  Two  Matched  12-Bit  DACs  on  One  Chip 

*  12-Bit  Resoiution  with  an  8-Bit  Data  Bus 

*  Direct  Interface  with  8-Bit  Microprocessors 

*  Double-Buffered! 


RESET  to  Zero  PUf 
12-Bit  Endpont  Uiieiii^^  titti^  LSB)  Over  Temperature 
+5Vto  +1SV  Single  Suppry'dperatlon 
Latch-Up  Resistant 
Improved  ESD  Resistance 
Packaged  in  a  Narrow,0^r^^|^Q;ipi^^l  {p- S^^ 
SOL  package 

Available  in  Die  ForiM<''  '>U,»  . 


interfaces  directly  with  8-bil  microprocessors.  It  loads  a  12-bit 
word  in  two  bytes  using  a  single  control;  it  can  accept  either  a 
least  significant  byte  or  most  significant  byte  first.  For  designs 
with  a  12-bit  or  16-bit  wide  data  path,  choose  the  DAC-8222  or 

DAC-8221. 

The  DAC-8248's  double-buffered  digital  inputs  allow  both 
DACs  analog  output  to  be  updated  simultaneously.  This  is 
particularly  useful  in  multiple  DAC  systems  where  a  common, 
LDAC  signal  updates  all  PA(^atthesanne time.  As 
pin  resets  both  outputs  to  zero. 


1»»">0 


APPLICATIONS 

*  Multi-Channel  MIcroprocessor-ControllMl  Systems 

*  Robotics/Process  Control/Automation 

*  Automatic  Test  Equipment 

■  Programmable  Attenuator,  Power  Supplies,  Window 
Comparators  '  i    •   mc  r.i,  : 

*  lnstri|imj., 

*  Battery  l6pili 


R0EiUii6  IMFORMATIONt 


PACKAGE 


RELATIVE  GAIN 
ACCURACY  ERROR 
I  (-HSVof-HSV) 


MILITARY*  MNDUSnUL 
TEMPERATURE  iil^PBMTURE  TEMPB 
-55'Cte+125'C  -^0'Cto-HS'C    rfe^  -tTTO  I 


■ERGUL! 

'EmoiMM 


±1/2  LSB  ±1  LSB 

±1/2  LSB  ±2  LSB 

+  1  LSB  +4  LSB 

±1  LSB  ±4  LSB 


DAC8Z48AW  "OAC8248EW 


DAC8248FW 
DAC8248FP 


DAC8248GP 
DAC824eHP 
DAC8248HStt  i 


GENERAL  DESCRIPTION 

The  DAC-8248  is  a  dual  12-bit,  double-buffered,  CMOS  digital- 
to-analog  converter.  It  has  an  8-bit  wide  input  data  port  that 

">  ii 

FUNCTIONAL  DIAGRAM 


For  devices  processed  in  total  compiianceto  MIL-STD-B""*"^' 
number.  Consult  factory  for  863  data  stieet 

Bum-iniis  waHable  on  commercial  and  Industrial  temperature'Ungnfniti  t 
CerOIP,  plaattc  DIP,  and  TO-can  packtges.  k  \ 

For  avallabinty  and  bum-In  Information  on  SO  and  PLCC  padiages,  contact 
your  local  sales  ofnce. 
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atur#!range.  The  DAC  consists  of  two  thin-film  R-2R  resistor 
ladder  networl<s,  two  12-bit,  two  8-bit,  and  two  4-bit  data 
registers,  and  control  logic  circuitry.  Separate  reference  input 
and  feedbacl<  resistors  are  provided  for  each  DAC.  The  DAC- 
8248  operates  on  a  single  supply  from  +5V  to  +15V,  and  it 
dissipates  less  than  0.5mW  at  +5V  (using  zero  or  Vqd  logic 
levels).  fhi'll#i0i'^';^^IM^patf  (ft  a  sip^ise-^ving  0.3";24rp|n, 
DIP. 

The  DAC-8248  is  manufactured  with  PlWi's  highly-stable  thin- 
film  resistors  on  an  advanced  oxide-isolated,  silicon-gate, 
CMOS  technology.  PMI's  improved  latch-up  resistant  design 
eliminates  the  need  for  external  protective  Schottl^y  diodes. 

PIN  CONNECTIONS 


agnd[T  < 

UXITA  [T 

"  Vrb..|T 
dgndIT 

(MSB)  DB7  (T 
DB6\T 
OBs[T 
DB4[r 
,  DBSQo 
DB2Q1 


'oure 


WR 


LDAC 

DAC  A/DAC  B 
LSB/MSB 
RESET 
DBO  (LSB) 
"8', 


24-PIN 
0.3 "  CERDIP 
(W-Suffix) 

24-PIN 
EPOXY  DIP 
(P-Sufflx) 

24-PIN  SOL 
(S-Suffix) 


vi^  =  +^;o-i.y,  unless  otherwise  noted.) 

VoptoAGND  OV, +17V 

VpotoDGND  0V,+17V 

AGND  to  DGND  -0.3V,  V^^  +0.3V 

Digital  Input  Voltage  to  DGND  -0.3V,  V^p  +0.3V 

'out  a.  Iout  b  '°  AGND  -0.3V.  V^b  +0.3V 

Vref  A'  Vref  b  '°  AGND  ±25V 

Vrfb  a-  Vrpb  b  <°  AGND  ±25V 

Operating  Temperature  Range''"  ""^ 

AW  Version  -55°Cto  +125"'C 

EW.  PilV.fP  Versions  -40»Cto  +85»C 

GP.  HP.  HS  Version^  l.'.  -0»C  to  +70°C 

Junction  Temperature  +150C 

Stor«|e  Temperature  „,,2;iS.'.f.V..  -65°C  to  +150»C 

Leaa'T^ersrtoi*'(SeiidBring/fe(^^   +300''C 

PACKAGE  TYPE  e,j,(Nota1)  8,^  UNITS 

24-Pin  Hermetic  DIP  (W)  69  10  °C/W 

24-Pin  Plastic  DIP  (P)  62  32  ■C/W 

24-Pin  SOL  (S)  72  24  °C/W 

NOTE: 

1 .  e.^  is  specified  for  worst  case  mounting  conditions,  i.e.,  e^^  is  specified  for 
device  In  socket  for  C«rDIPiand  P-DIP  packages:  is  specified  for  device 
soldered  to  printed  circuit  board  for  SOL  package. 

CAUTION: 

1 .  Do  no  apply  voltages  higher  than  or  less  than  GND  potential  on  any  termi- 
nal except  Vpgp  and  Rpg. 

2.  Tfie  digital  control  Inputs  are  zener-protected;  fiowever,  permanent  damage 
may  occur  on  unprotected  units  from  high-energy  electrostatic  fields.  Keep 
units  in  conductive  foam  at  all  times  untlMcUlytliiise.  '  It.  ■  . 

3.  Do  not  insert  Ih)s  deylc»in^  pf>wer8d  soi^efs;  ri«i\f^^  f)mi^  b<;foi^insert^ 
orremoval. 

4:  Use  pitt^land-^aife  hmdlttH)  procsduies. 

5.  Devices  can  suffer  permanent  damage  and/or  reliabilily  degradation  if  stres^d 
above  the  limits  listed  under  Absolute  Majf^irim<)Mimf%gEBFA«'P«'<^ 
This  is  a  stress  rating  only  and  IUnctional'ApS^^^W^wl^f»'speciftl»- 
tion  is  not  implied.  ' 


ELECTRICAL  CHARACTERISTICS  at  Vdd  =  +5V  or -H5V;  Vref  a  =  Vref  B  =  +10V;  Vqut  a=  Vqut b  =  OV;  AGND  =  DGND  =  OV; 
Ta  =  Full  Temp  Range  specified  in  Absolute  Maximum  Ratings;  unless  otherwise  noted.  Specifications  apply  for  DAC  A  and  DAC  B. 


DAC-8248 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

SWIG  ACCURACY 

V- 

Resolution 

N 

12 

i.'W.   

— rjit«»!>  — 

Bits 

Relative  Accuracy 

INL 

DAC-8248A/E/G 
iDAC-S24aF/H 

±1/2 

±1 

LSB 

Differential  Nonltnearity 

DNL 

All  Grades  are  Guaranteed  Monotonic 

±1 

LSB 

Full  Scale  Gain  Error 

(Note  1) 

GfSE 

DAC-8248A/E'  L'  ' 
DAC-S248G 

±1 
±2 

LSB 

DAC-8248F/H 

±4 

Gain  Temperature  Coefficient 
(AGain/ATemperature) 

TCGps 

(Notes  2,  6) 

±2 

+5 

ppm/'C 
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{ELECTRICAL  GHARACTERISTICS  at  Vdd= +6V  or  +15V:  Vref  a=  Vref  b= +10V;  VqUta*  Vou!rB=?flV;  AQJh 
Ta=  Full  Temp  Range  specified  In  Absolute  Maximum  Ratings;  unless  otherwise  noted.  Speclffcations  apply  for  DAC  A 
(Contfntiod)~   


PARAMETER 


CONDITIONS 


DXCr-r824S. 

TYP 


Output  Leakage  Current 

louTA(Pin  2),  louTB(Pi"  24) 


All  Digital  lnputs  =  0». 

=  +26''C 
Tft  -  Full  Temp.  Range 


+10 
±60 


Input  Resistance  (Vref A,  refb)  Rref 


(Note  9) 


tpjput  Resistance  ^atch 


Rhef 


DIGITAL  iNPirn- 


Oigital  input  High 


Z4 


Digital  Input  Low 


Vdd  =  +5V 
Vnn=+15V 


1.5  -  - 


Input  Current  (V,n  =  OV 
or  Voo and  Vinh) 


Tj  =  +25°C 

T;^=  Full  Temp.  Range 


±0.0I8j 


'■0 


Input  Capacitance' 
_  (Note  2)   


©IN 


_  WR,  LDAC,  DAC  A/DAC  B,  LSB/MSB,  RESET 


10 
15 


Supply  Current 


'OH 


10 


-  ? 
100 


mA 
/•A 


DC  Power  Supply 
Rejection  Ratio 
j[ABain/aVoo) 


HC  PERFORMANCE  CHARACTERISTICS  (Note  2) 


Propagation  Delay  (Notes  3,  4)  tpp 


Output  Current  Settling  Time 
(Notes  4,5) 


CKHpOr^^^acafUnca 


Digital  Inputs  =  all  Os  - 

OoUT  A-  CouT  B 


Digital  Inputs  =  all  1b 


ocegnenn  tuqni  t| 


12ft  111  pnio:.^  e 


AC  Feedihreugti  M 
'ouTAOf  Iqutb 


It* 


f  =  100ltHz;TA  =  +25''C 


Vref  b  '0  'out  Vref  b"  iBH^ 
~f =100I(KtT  T* = +25'>i5  


IB 


no" 


i 
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ELECTRICAL  CHARACTERISTICS  at  V^j,  =  +5V  or  +1 5V,  V^^p ^  =  V^^p b  =  +1  %ut  a  =  ^out b  =  *<^ND  =  DGND  =  OV; 
T^  1  Full  Temp  Range  speoified  In  Absolute  Maximum  Ratings;  unless  otherwise  noted.  Specifications  apply  for  DAC  A  and  DAC  B. 
Continued 


DL  eoNomoN 

DAC-a248. . 

UNITS 

SWtTCHING  CHARACTERISTICS 

(Notes  2, 7) 

-5S'>CTO<.12S°C 

ALL  TEMPS 

LSB/MSB  Select  to 
Write  Set-Up  Time 

'cBS 

-  -   -  - 

130 

170  ,.,1 

180 

80 

nsMIN 

LSB/MSB  Select  to 
Write  Hold  Tkm 

_ 

0 

0 

,1  ,Sj(, 

nsMN 

DACSeleetts 
Write  Set-Up  Time 

Vs 

180 

210 

220 

80 

'  .C' 

nsMIN 

^MCSeleetki 
Write  HoMTtiw 

«»« 

0 

0 

0 

0 

nsMM 

UIAGIB 
Write  Set-Up  Time 

120 

150 

160 

80 

FwMIN 

LDACto 

Write  Hold  Time 

0 

0  , 

0 

.  .  neMIN 

Data  Valid  to 
Write  Set-Up  Time 

•os 

160 

210 

220 

70 

Write  Pulse  Width 


170 


90 


nsMIN 


LDAC  Pulse  Width 

•lwd     -  - 

100 

110 

130 

60 

nsMIN 

Reset  Pulse  Width 

^vm  - 

80 

90 

90 

60 

nsMIN 

NOTES: 

1 


Measured  using  Internal  Rfb  A^ndRpBS'  Both  DAC  digital  inputs  = 
1111  1111  1111. 

Guaranteed  and  not  tested.  -  ~  - 

From  50%  of  digital  input  to  90%  of  final  analog  output  currant  Vref  a= 
Vref  b  =  +10V;  OUT  A.  OUT  B  load  =  lOOn,  Cext  =  ISpF- 

WR.  LDAC  =  OV;  DB0-DB7  =  OV  to  Vpo  or  VpotO  OV. 
Settling  time  is  measured  from  50%  of  the  digital  input  change  to  « 
the  output  settles  within  1/2  USB  of  full  scale. 


6.  Gain  TO  is  measured  from  +25°C  to  Tyi^  or  from  +25*0  to  T^ax- 

7.  See  Timing  Diagram. 

8.  These  limits  apply  for  the  commercial  and  IndusMal  grade  products. 

9.  Absolute  Temperature  Coefficient  is .(^^iprpsttinatoly +50  ppm/°C. 

10.  These  limits  also  apply  as  typical  vala!B^"f©r%i)0=+12V-Wlth  +5V-GMpS 
logic  levels  and  T^  = +25*0.  ^ 


BURN-IN  CIRCUIT 
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PARAMETER 

-!-  : 

SYMBOL  - 

CONDITIONS 

J_.    UMIT  IjH- 

Relative  Accuracy 

INL 

Endpoint  Linearity  Error 

1     '        ^,     '  1  ' 
1  ,  ±!     ,   !  1. 

Differential  NanIliw|M^  I 

!bm.  I 

All  Grades  are  Guaranteed  Monptontc 

 ' — 1~1 — ' — 

...  *f 

1    I  iise|«iAx 

Vull  Scale  Qatn  Error 
(Note1)t<  ■ 

-■4-  J^l  

Gfse 

Digital  Inputs  =  1111  ^Ht^  lin 

Output  IMffkage 

hm 

Digital  Inputs  =  0000  0000  0000 
Pad2|U9d.?4  .                  -.  . 

±$0 

nAMAX 

Input  Resistance 

Rref 

Pad4and22 

8/15 

ItnMIN/ 
knMAX 

AesjstaRoe  Match 

ARREf 

-  ''ref 

±1 

%MAX 

Digital  Input  Higli 

V,NH 

Vdd*=+15V 

2.4 
13.5 

■•:«|«itii 

Digital  Input  Low 

V|NL 

Vdd=+5V 
Vdd  =  +15V 

0.8 

1-5 

«|ma?(  i 

btgltal  Input  Current 

.  Iin: 

V|N  =  0VOrVoD;V|NLOrV|NH 

+1 

(lAMAX 

Supply  Current 

Idd 

All  Digital  Inputs  Vk^l  or  Vi^h 
All  Digital  Inputs  OV  or  Vdq 

2 
0.1 

mAMAX 

DC  Supply  Rejection 
(AGain/AVoo) 

PSR 

AVdd  =  ±5« 

0.002 

«/%MAX 

NOTES: 

1.  Measured  using  tnternat  Rpe  a       ^fb  8- 
Electrical  tests  are  performed  at  wafer  probe  to  tiie  limits  stiown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield 


after  packaging 
lyandtasllnow 


is  not  guaranteed 

7« 


CHANNEL-TO-CHANNEL 
MATCHING  (DAC  A  &  B 
ARE  SUPERIMPOSED) 


1.00 
0.75 
0.50 

1 

Vdd  =  +«v 

Ta=+25= 

V 

0.25 

0 

0.25 
-0.50 
-0.75 

-too 

DIFFERENTIAL 
NONLINEARITY 


2048  3072 
DIGITAL  INPUT  CODE  (DECIMAL) 


DIFFERENTIAL 
NONLINEARITY 

vs  Vbef 


1.00 

0.7S 
0.50 
0.25 

!  1 

Vdd  =+ 15  V 

0 

0.25 
0.50 

o.re 
-too 

wnammntmm 
mmmwm 

8«SS5 

-6    -4    -2      0      2      46  810 
VnEF  (VOLTS) 


1.00 
0.75 
0.50 


Z  -0-25 

O 

Z 

-0.50 


^2' 


NONLINEARITY 
M  Vbef 


-T..-f25-C 


<  I 


-W    -B    -6  -4 


liONLINEARITY 

vs  Vref 


1.00 
0.75 


-0.25 
-0,50 
-0.75 


1  1 

NONLINEARITY 

VSVqd 


0.87S 

0.750 

ffi 

i  0.625 
> 

£  0.500 

UJ 

z 

-1  0.375 

z 

O 

^  0.2S0 
0.125 


SUPPLY  VOLTAGE  (VOLTS); 


NONLINEARITY  VS  CODE 
(DAC  A  &  B  ARE 
SUPERIMPOSED) 


OlTS 
0.S0 


Vdd  =  +5V 

-V(,eF-+«v- 

,  =  +25"C 


□  -0.25 
Z 

o 

Z  -0.50 


-0.75 
-1.00 


1024  2048  3072 

DiGint  iNpinr  cOdc  (De^iuI) 


NONLINEARITY  vs  CODE  AT 
Ta=~55°C, +25°C, 
+125°C  FOR  DAC  A  &  B 
(ALL  SUPERIMPOSED) 


0.50 

S 

(A 

—  0.25 


-0.7S 
-1.00 


1 

VOO-+15V 

"REF 

1024  204B  3072 

DIOrnU.  tNPUT  CODE  (DECIMAL) 


ABSOLUTE  GAIN  ERROR 
CHANGE  vs  Vref 

— I — \ — 

VoB  -  +15V 
TJ^=  +25''C 


-8    -6    -4    -2      0      2  4 
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FULL-SCALE  GAIN  ERROR 
vs TEMPERATURE 


1  1 

Va6  -  +15V 

'HE 

LOGIC  INPUT  THRESHOLC^'' 
VOLTAGE  vs  SUPPLY 
VOLTAGE  (Vdd) 


o 

5  w  . 




-T.  =  +25°C  - 


>;  o.e 


SUPPLY  CURRENT 
vs  TEMPERATURE 


fooC®.™.  


TEMPERATU.RE  ('C) 


1 


SUPPLY  CURRENT  vs 
LOGIC  INPUT  VOLTAGE 


7  8  9  10  11  12  13  14 
DrGITAL  INPUT  (VOLTS) 


MULTIPLYING  MODE 
FREQUENCY  RESPONSE 
vs  DIGITAL  CODE 


ALL  BITS  OFF   —      ,  , 

1*  ■  -Hp'-' 


  tr.VBil, 


ivsb 

SItU 
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WRITE  TIMING  CYCLE  DIAGRAM 


FOUR  CYCLE  UPDATE' 


NOTES: 

1.  ALL  INPUT  SIGPUL  RISE  AND  FALL  TIMES 
MEASURED  HIOM  10«  TO  90%  OFVm>. 
¥oo-+5V.I,=l,  =  20iw; 
Vqo  -  +1SV.  I,  >=  l|  -  lOnK 

^TIMING  MEASUREMENT  REFERENCE  LEVEL  IE  ^ 


FIVE  CYCLE  UPDATE 


j*tcBS— I     I— tcSH  h-tc 


DAC  A/QACB 


V 


PARAMETER  DEFINITIONS 

RESOLUTION  (N) 

The  resolution  of  a  DAC  is  the  number  of  states  (2")  that  the 
full-scale  range  (FSR)  is  divided  (or  resolved)  into;  where  n  Is 
equal  to  the  number  of  bits. 

RELATIVE  ACCURACY  (INL) 

Relative  accuracy,  or  integral  nonlinearity,  is  the  maximum 
deviation  of  the  analog  output  (from  ihe  ideial)  from  a  straight 
line  drawn  between  the  end  poir^ts<it'  ls  expressed  in  terms  of 
least  significant  bit  (LSB),  or  as  a  percent  of  full  scale. 

DIFFERENTIAL  NONLINEARITY  (DNL) 

Differential  nonlinearity  is  the  worst  case  deviation  of  any 
adjacent  analog  output  from  the  ideal  1  LSB  step  size.  The 
deviation  of  the  actual  "step  size"  from  the  ideal  step  size  of  1 
LSB  is  called  the  differential  nonlinearity  error  or  DNL.  DACs 
with  DNL  greater  than  ±1  LSB  may  be  nonmonotonic.  ±1/2 
LSB  INL  guarantees  monotonlclty  and  ±1  LSB  msudmum  DNL. 

GAIN  ERROR  (Gfse) 

Gain  error  is  the  difference  between  the  actual  and  the  ideal 
analog  output  range,  expressed  as  a  percent  of  full-scale  or  in 
terms  of  LSB  value.  It  is  the  deviation  in  slope  of  the  DAC 
transfer  characteristic  from  ideal. 

Refer  to  PM1 1 990/91  Data  Book,  Section  11 ,  for  additional  digi- 
tal-to-analog coriverterdeSoitidns. 


GENERAL  CIRCUIT  DESCRIPTION 

CONVERTER  SECTION 

The  DAC-8248  incorporates  two  multiplying  12-blt  current 
output  CMOS  digital-to-analog  converters  on  one  monolithic 
chip.  It  contains  two  highly-stable  thin-film  R-2R  resistor  ladder 
networks,  two  12-bit  DAC  registers,  two  8-bit  input  registers, 
and  two  4-bit  input  registers.  It  also  contains  the  DAC  control 
logic  circuitry  and  24  single-pdfclitiMjiltifllWW  NMOS  tran- 
sistor current  switches. 

Figure  1  shows  a  simplified  circuit  for  the  R-2R  ladder  and 
transistor  switches  for  a  single  DAC.  R  is  typically  11  kn.  The 
transistor  switches  are  binarily  scaled  in  size  to  maintain  a 
constant  voltage  drop  across  each  switch.  Figure  2  shows  a 
single  NMOS  transistor  switch. 

FIGURE  1:  Simplified  Single  DAC  Circuit  Configuration. 

(Switches  Are  Shown  For  Ail  Digital  Inputs  At 
Zero) 
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FIGURE  2:  N-Channel  Current  Steering  Switch 


TO  LADDER 


1  I 


The  binary-weighted  currents  are  switched  between  I  out  and 
AGND  by  the  transistor  switches.  Selection  between  lour^nd 
AGND  is  determined  by  the  digital  input  code.  It  is  important  to 
keep  the  voltage  difference  between  loujand  AGND  terminals 
as  close  to  zero  as  practical  to  preserve  data  sheet  limits.  It  is 
easily  accomplished  by  connecting  the  DAC's  AGND  to  the 
noninverting  input  of  an  operational  amplifier  and  I  out  to  'hs 
inverting  input.  The  amplifier's  feedback  resistor  can  be  elimi- 
nated by  connecting  the  op  amp's  output  directly  to  the  DAC's 
RpB  terminal  (by  using  the  DAC's  internal  feedback  resistor, 
RpB).  The  amplifier  also  provides  the'oun^^le^tottm^eemer- 
sion  for  the  DAC's  output  current. 

The  output  volta0id^)g'd#§ndent  on  tHct  0AC^  digltaf  InjiiJt 
code  and  Vref^  and  is  given  :i^y:  -.  > 

Vour=VHEFXD/4096 

where  D  is  the  digital  Inputcode  integ|ia-.(t(l$@^||«l<l«Mween 

0  and  4095.  '  " 

The  DAC's  input  resistance,  Rref.  is  always  equal  to  a  constant 
value,  R.  This  means  that  Vr^p  can  be  driven  by  a  reference 
voltage  or  current,  AC  or  DC  (positive  or  negative).  It  is 
recommended  that  a  low-temperature-coefficient  external  Rps 
resistor  be  used  if  a  current  source  is  employed. 

The  DAC's  output  capacitance  (Cqut)  is  code  dependent  and 
varies  from  gOpF  (all  digital  ii^U^        to  4{«fl 
inputs  high).  _  j   .  , 

To  ensure  accuracy  over  the  f  uil  operating  temperature  range, 
,  permanently  turned  "ON"  MOS  transistor  switches  were  in- 
cluded in  series  with  the  feedback  resistor  (Rpg)  and  the  R-2R 
ladder's  terminating  resistor  (see  Figure  1 ).  The  gates  of  these 
NMOS  transistors  are  internally  connected  to  Vdd  and  will  be 
turned  "OFF"  (open)  if  Vqd  Is  not  applied.  If  an  op  amp  is  using 
the  DAC's  RpB  resistor  to  close  its  feedback  loop,  then  Vootiust 
be  applied  before  or  at  the  same  time  as  the  op  amp's  supply; 
this  will  prevent  the  op  amp's  output  from  becoming  "open- 
circuited"  and  swinging  to  either  rail.  In  addition,  some  applica- 
tions require  the  DAC's  ladder  resistance  to  fall  within  a  certain 
range  and  are  measured  at  incoming  inspection;  Vqq  must  be 
applied  before  these  measurements  can  be  made. 


DAC-8248 


DIGITAL  SECTION 

The  DAC-8248's  digital  inputs  are  TTL  compatible  at  VoD=+5V 
and  CMOS  compatible  at  Vdd  =  +15V.  They  were  designed  to 
convert  TTL  and  CMOS  input  logic  levels  into  voltage  levels 
that  will  drive  the  internal  circuitry.  The  DAC-6248  can  use  +5V 
CMOS  logic  levels  with  Vdd  =  +12\/;  however,  supply  currentj 
will  increase  to  approximately  5-6mA. 

Figurp  3  shows  the  DAC's  dIgM  inplit  strupttii^  forpne  bit.  This ' 
circuitry  drives  the  DAC  registers.  Digital  controls,  end  <!>, 
shown  are  generated  from  the  DAC's  input  corrtrol  logic 
circuitry.    •  \        -  , 


DGND 


The  digital  inputs  are  electrostatic-discharge  (ESD)  protected 
with  two  internal  distributed  diodes  as  shown  in  Figure  3;  they 
are  connected  between  Vdd  and  DGND.  Each  input  has  a 

typical  input  current  of  less  tlian  1  nA. 

The  digital  inputs  are  CMOS  inverters  and  draw  supply  current 
when  operating  in  their  linear  region.  Using  a  +5V  supply,  the 
linear  region  is  between +  1.2V  to +2. 8V  with  current  peaking  at 
+1.8V.  Using  a  +15V  supply,  the  linear  region  is  from  +1.2V 
to  +12V  (current  peaking  at  +3.9V).  It  is  recommended  that  the 
digital  inputs  be  operated  as  close  to  the  power  supply  voltage 
and  DGND  as  is  practically  possible;  this  will  keep  supply 
currents  to  a  minimum.  The  DAC-8248  may  be  operated  with 
any  supply  voltage  between  the  range  of +5V  to  +15V  and  still 
perform  to  data  sheet  limits. 

The  DAC-8248's  8-bit  wide  data  port  loads  a  12-bit  word  in  two 
bytes:  8-bits  then  4-bits  (or  4-bits  first  then  8-bits,  at  users 
discretion)  in  a  right  justified  data  format.  This  data  is  loaded 
into  the  Input  registers  with  the  LSB/MSB  and  WR  control  pins. 

Data  transfer  from  the  input  registers  to  the  DAC  registers  can 
be  automatic.  It  can  occur  upon  loading  of  the  second  data  byte 
into  the  input  register,  or  can  occur  at  a  later  time  through  a 
strobed  transfer  using  the  LDAC  jaotHxst  jxta. . 
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DIGITAL-TO-ANALOG  CONVERTERS  2-1061 


I  I 
I  I 

FIRST  CYCLE: 
LSB»  LOADED  INTO 
DACXta-BIT 
INPUT  REQtSTER 


I  I 

I  I 
SECOND  CYCLE: 
MSB*  LOADED  INTO 
I1ACM44IT 
INPUT  REGISTER 


THtRD  CYCLE: 
LSBs  LOADED  INTO 
DAC  B-S  a-BIT 
INPUT  RCQtSTER 


FOURTH  CYCLE: 
USB« LOADED 
IMTO  DAG  B's  4-Brr 
nWUT  REGISTER; 
NEW  DATA  WORDS 
TRANSFERRED  FROM 
INPUT  REGISTERS 
TO  DAC  A  AND 
DAC  B't  REGISTER; 
ANALOG  OUTPUTS 
UPOKICD 


FIGURE  5:  Five  Cycle  Update  Timing  Diagram 
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RRST  CYCLE: 
LSBa  LOADED  INTO 


SECOND  CYCLE: 
H8Bi  LOAOEO  INTO 


THIRD  cycle:: 
LSB*  LOADED  INTO 


INPUTIOQItTBI 


FOURTH  CYCLE: 
HSBt  LOADED  INTO 


INPUT  RCWSTCR 


FIFTH  CYCLE: 

OAC  A  AND  OAC  B't 

ANALOO  OUTmiT 

UPDATED 

SIMULTANEOUSLY 


ALL  REGISTERS 
RESET  ID  ZERO 


2^1062  DIGJTAL'TO'ANALOG  CONVERTERS 


REV.  B 


the  DAC  register.  The  first  cycle  loads  the  first  data  byte  into  the 
input  register;  the  second  cycle  loads  the  second  data  byte  and 
simultaneously  transfers  the  full  12-bit  data  word  to  the  DAC 
register.  It  tal<es  four  cycles  to  load  and  transfer  two  complete 
digital  words  for  both  DAC's,  see  Figure  4  (Four  Cycle  U.pdate 
Timing  Diagram)  and  the  Mode  Selection  Table. 

STROBED  DATA  TRANSFER  MODE 

Strobed  data  transfer  allows  the  full  12-bit  digital  word  to  be 
loaded  Into  the  input  registers  and  transferred  to  the  DAC 
registers  at  a  later  time.  This  transfer  mode  requires  five  cycles: 
four  to  load  two  new  data  words  into  both  DACs,  and  the  fifth  to 
transfer  all  data  into  the  DAC  registers.  See  Figure  S^Five  Cjrcle 
Update  Timing  Diagram)  and  the  MdeSeKi 


uptjr  auons  serves  iwo  lunctions:  the  DAC  output  updating  may 
be  more  precisely  controlled,  and  multiple  DACs  in  a  multiple 
DAC  system  can  be  updated  simultaneously. 

RieSEf 


The  DAC-824e  comes  with  aRESET  piti  tt»t  is  usdfulln  s^teiW 
edibrtMon  cycles  and/oriA^g!^^l»m  #e«MH>-U|».^ 
are  reset  to  zero  when  RESET  is  low,  and  latched  at  zero  on  the 
rising  edge  of  the  RESET  signal  when  WRITE  is  high. 

INTERFACE  CONTROL  LOGIC 

The  DAC-8248's  control  logic  is  shown  In  Figure  6.  This 
circuitry  interfaces  with  the  system  bus  and  controls  the  DAC. 
functions. 


FIGURE  6:  Input  Control  Logic 
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REGISTER  STATUS 
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X  X  X  L  X  ALL  REGISTERS  ARE  RESET  TO  ZEROS 

X  H  X  J"  X  ZEROS  ARE  LATCHED  IN  ALL  REGISTERS 


^  =  Low  H  =  High   X  =  Don't  Care  WR  =  Registers  Being  Loaded   LAT  =  Registers  Latched 
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INTERFACE  CONTROL  LOGIC  PIN  FUNCTIONS 


TABLE  1 :  Unipolar  Binary  Code  Table  (Refer  to  Figure  7) 


LSB/MSB  -  (PIN  17)  LEAST  SIGNIFICANT  BIT(Active  Low)/ 
MOST  SIGNIFICANT  BIT  (Active  High).  Selects  lower  8-bits 
(LSBs)  or  upper  4-blts  (MSBs);  either  can  be  loaded  first.  It  is 
used  with  the  WR  signal  to  load  data  into  the  input  registers. 
Data  is  loadei^  in  a  right  justif  jed^forrnat, 

DAGi«/OAC  B  -  (PIN  18)  DAG  SELECTION.  Active  low'ter 
DAG  A  and  Active  High  for  DAG  B. 


WR-(PIN  20)  WRITE- Active  Lowr.  Used  with  the  LSB/MSB 
signal  to  load  data  into  tfie  Input  registers,  or  Active  High  to  latch 
data  into  the  input  registers. 


LDAC  -  (PIN  19)  LOAD  DAG.  Used  to  transfer  data  simultane- 
ously from  DAG  A  and  DAG  B  input  registers  to  both  DAG  output 
registers.  The  DAG  register  becomes  transparent  (activity  on 
the  digrtal  inputs  appear  at  the  analog  output)  when  both  WR 
and  LDAC  are  low.  Derta  is  latched  into  the  output  registers  on 
the  rising  adg^ef  LOAG;     —  - 

RESET  -  (PIN  1 6)  -  Active  Low.  Functions  as  a  ze ro  override ; 
all  registers  are  forced  to  zero  when  the  RESET  signal  is  low.  All 
registers  are  latched  to  zeros  when  the  wrKe^ignal  is  highland 
RESET  goes  high,,  ,    v  ,  ' 

APPLICATIONS  INFORMATION 

UNIPOLAR  OPERATION 

Figure  7  shows  a  simple  unipolar  (2-quadrant  multiplication) 
circuit  using  the  DAC-8248  and  OP-270  dual  op  amp  (use  two 
OP-42S  for  applications  requiring  higher  speeds),  and  Table  1 
shows  the  corresponding  code  table.  Resistors  R^ ,  Rj,  and  R,, 
R4  are  used  only  if  full-scale  gain  adjustments  are  required. 

RGURE7:  Unipolar  Configuration  (2-Quadrant  Multiplication) 


BINARY  NUMBER  IN 
DAC  REGISTER 
MSB  LSB 

ANALOG  OUTPUT,  V-j,, 
(DAC  A  or  DAC  B) 

1111  1111  1111 

-VncF  (4095  \ 
14096) 

1000  0000  0000 

U096  /  2 

0000  0000  0001 

-VrefI  ^  1 
^4096' 

0000  0000  0000 

OV 

NOTE:  , 

1  LSB  =  (2-12)  (vj^,.  ^  (Vfsf) 
4096 

Low  temperature-coefficient  (approximately  50ppm/»C)  resis- 
tors ortrimmers  should  be  used.  Maximum  full-scale  error  with- 
out these  resistors  for  the  top  grade  device  and  V^^p  =  ±1  OV  is 
0.024%,  and  0.049%  for  the  low  grade.  Capacitors  and  0^ 
provide  phase  compensation  to  reduce  overshoot  and  ringing 
when  high-speed  op  amps  are  used. 

Full-scale  adjustment  is.achieved  by  loading  the  appropriate 
DAC's  digital  inputs  with  i  1 1 1  1 11  TlH^  1  and  adjusting  R,  (or 
Rj  for  DAG  B)  so  that: 

VouT  =  Vref  X  (4095] 
V4096/ 

Fuil-s^e  can  also  ba  adjusted  by  varying  V„p  voltage  and 
elimin^ng  R^.  Rj.  Rgt  and  R,,.  Zero  adjustment  is  performed  by 


nUTA  \ 


1. 


□ 


6-11(M5B) 
14-15(LSB) 


iD]_ 


-0»oui« 


-OVom. 


^  L_.  J 


'RESISTORS  R1  THRU  R4  ARE  ONLY  NECESSARV  TO  THBI  FOR 
ABSOLUTE  ACCURACY  BETTER  THAK  ±(L01%,  8*t  TEXT  FOR 


■WGMTEm  An  eoNTiiOi.  qncuttBV, 
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loading  the  appropriate  DAC's  digital  inputs  with  0000  0000  0000 
and  adjusting  the  op  amp's  offset  voltage  to  OV.  It  is  recom- 
mended that  the  op  amp  offset  voltage  be  adjusted  to  less  than 
10%  of  1  LSB  (244;jV),  and  over  the  operating  temperature 
range  of  interest.  This  will  ensure  the  PAC's  monotOAicity  and 
mmiw^ggm^OtfimiM^§0lllrmtm-  ':u  yy  srit  M  tKUk »olv,o  9iV 

MPOUIR  OPERATION  '  o    t      -  0  ^ 

The  bipolar  (offset'binary)  4-quadrant  configuration  tisihgHif^ 
l!IAC-8248  is  shown  rft^PigMii»«^^tfltiin#cOrre3pohairig  cOdd  is 
ahbwn  in  Tabie  2.  Th(SiGMiiMWM#a«§  ofth»0P'470,  a  quad 
op  an#  (ose  feuf'^SPi'ittrt^^a^peMM^M^prtng  higher 

The  full-scale  output  voltage  may  be  adjusted  by  varying  Vpi^p 
or  the  value  of  RSand  R8,  and  thus  eliminating  resistors  R1,  R2, 
R3,  and  R4,  If  resistors  R1  through  R4  are  omitted,  then  R5,  IH6, 
R7  (R8,  R9,  and  RIO  for  DAC  B)  should  be  ratio-matched  to 
0.01%  to  keep  gain  error  within  data  sheet  specifications.  The 
resistors  should  have  Identical  temperature-coefficients  if 
operating  over  the  full  temperature  range. 

Zero  and  full-scale  are  adjusted  in  one  of  two  ways  and  are  at 
the  users  discretion.  Zero-output  is  adjusted  by  loading  the 
appropriate  DAC's  digital  inputs  with  1000  0000  0000  and 
varying  R1  (R3  for  DAC  B)  so  that  Vqut  a  (or  Vqut  b)  equals  OV. 
If  R1,  R2  (R3,  R4  for  DAC  B)  are  omitted,  then  zero  output  can  be 
adjusted  by  varying  R6,  R7  ratios  (R9,  RIOfor  DAC  B).  Full-scale 
is  adjusted  by  loading  the  appropriate  DAC's  digital  inputs  With 
till  1111 1111  and  vaiyif^  R5  (R8  for  DAC  B). 

FIGURES:  Bipolar  O0n@9UFBtion(4-Quaelrfint  Multiplication) 


TABLE  2:  Bipolar  (Offset  Binary)  Code  Table 
(Refer  to  Figure  8) 

BINARY  NUMBER  IN  ' 
DAC  REGISTER 
MSB  LSB 


mubm  mtTPUT,  Vqut 

(DAC  A  or  DAC  B) 


+Vref 


(  2047  \ 
V  2048/ 


1000  0000  0001 


(  2048) 


1000  0000  0000 


OV 


0111  1111  1111 


"^"EF  (  2^48) 


0000  0000 


-Vref 


( 

\  2048/ 


SINGLE  SUPPLY  dPi^TlON 

CURRENT  STEERING  MODE  -^.^  avt'vTA 

Because  the  DAC-8248's  R-2R  resi^or  Mmf 
resistor  is  internally  connected  to  AGND,  it  lends(itself.Mlli{BO 
single  supply  operation  In  the  current  steering  mode  cMIOi@ 
ci49nctJb^tb(R^lil%i4Sitt:l$€i^>0  can  be  raised  atom  qntsm. 
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d«m\ 


6-11<MSB) 
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Cl 
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-OVouTA 


-OVOUTB 
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ground  as  shown  in  Figure  9.  The  output  voltage  will  be 
between  +5V  and  +10V  depending  on  the  digital  Input  code.  The 
output  expression  is  given  by: 

:  VouT  =  Vos+(D/409ieMVos)       H.iTai Aifn  :  ; 

where  Vos  =  Offset  Reference  Voltage  {+5V  in  Figure  9) 
D  =  Decimal  Equivalent  of  the  Digital  Input  WOrd 

VOLTAGE  SWITCHING  MODE  ~ 

Figure  10  shows  4t)e  DAC-8248  in  anothsr  singis' supply 
configuration.  TheiB-2R  ladder  is  used  inthe  voltage  switching 
I  k^.'  >  mode  and  functiorisas  a  voltage  divider.  TKSidutput  vdlfage  (at 
the  VrefP'")  exhibits  acdhstahtimpedaiiceR  (typicairy  HkH) 
and  must  be  buffered  by  an  op  amp.  The  R^b  ptns:are  not  used 
and  are  left  open.  The  reference  input  voltage  must  be 
maintained  within  -i-1.25V  of  AGND,  and  Vop^^ifS^  and 
+15V;  this  ensures  that'idevice  accuracy  is  j^r^si^rved. 

The  output  voltage  expression  is  given  by:  .  ,i 

Vout=Vref(D/4096) 

where   D  =  Decimal  Equivalent  of  the  Digital  Input  Word 


at  the  analog  output.  This  Common  point  then  becomes  the 
single  ground  point  connection.  AGND  and  DQND  Is  then 
brought  out  separately  and  tied  to  fheir  respeietive  pow^r 
supply  grounds.  Ground  loops  can  be  created  if  both-ground^ 
are  ti^  together  at  rh6re  than  one  location",  i.e.,  tiecf  together  at 
the  device  and  at  the  digital  and  analog  power  supplies. 

PC  board  ground  plane  can  be  used  for  the  single  point  ground 
connection  should  the  connections  not  be  practical  at  the 
device  socket.  If  neither  of  these  connections  are  practical  or 
allowed,  then  the  device  should  be  placed  as  close  as  possible 
to  the  systems  single  point  ground  connection.  Back-to-back 
Schottky  diodes  should  then  be  connected  between  AGND  and 
DGND. 

POWER  SUPPLY  DECOUPLING 

Power  supplies  used  with  the  DAC-8248  should  be  well  filtered 
and  regulated.  Local  supply  decoupling  consisting  of  a  1  to 
10/iF  tantalum  capacitor  in  parallel  with  a  0.1/iF  ceramic  is 
highly  recommended.  The  capacitors  should  be  connected 
between  the  Vqq  and  DGND  pins  and  at  the  device  socket. 


APPLICATIONS  TIPS 

GENERAL  GROUND  MANAGEMENT 

Grounding  techniques  should  be  tailored  to  each  individual 
system.  Ground  loops  should  be  avoided,  and  ground  current 
paths  should  be  as  short  as  possible  and  have  a  low  impedance. 

The  DAC-8248's  AGND  and  DGND  pins  should  be  tied  together 
FIGURE  9:  Single  Supp^Op»rtitl€Wt(Current  SwitchlDfl  Mode) 
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FIGURE  10:  Single  Supply  Operation  (Voltage  Switching  Mode) 
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FIGURE  12:  DAC-8248  To  MC6809  Interface 
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FIGURE  13:  DAC-8248  To  MC68008  Interface 


■REOWram  AND  CONTROL  CIRCUITRY  OMITTED  FOR  SIHPUCITY. 


1 


DAC  A/DAC  B 


WR 


£~iaea.  BmTAL-TO-ANALoa  converters 


REV.  B 


FEATURES 

•  Four  DACs  in  a  28  Pin,  0.6  Inch  Wide  DIP  or  28  Pin  JEDEC 
Plastic  Chip  Carrier 

'  •  ±1/4  LSB  End-Point  Linearity 

•  Guaranteed  Monotonic 

•  DACs  Matched  to  Within  1% 

•  Microprocessor  Compatible 

•  Read/Write  Capability  (with  Memory) 

•  TTUCMOS  Compatible  ; 

•  Four-Quadrant  Multiplication 

•  Single-Supply  Operation  (^SV)  

•  Low  Power  Consumption 

•  Latch-Up  Resistant 

•  Avallablabi  Die  Form 

OnOERING  INFORMATION ' 


APPLICATIONS 

•  Voltage  Set  Points  in  Automatic  Test  Equipment . 

•  Systems  Requiring  Data  AccMS  for  Self-Ola|nQ|#cc 

•  Industrial  Automation  ^» 

•  Multi-Channel  Microprocessor-Controlled  SystefMP* 

•  Digitally  Controlled  Op  Amp  Offset  Adjustment  ' 

•  Process  Control  j  t,"  ^ 

•  Digital  Attenuators       ,  ^.    '  h  '- 


PACKAGE 


INL 


PNL 


COMIMERCIAL 
TEIUPERATURE 


EXTENDED 

INDUSTRIAL  MILITARY- 
TEMPERATURE  TEMPERATURE 
-40°C  to  tSS'C   -55°C  to  +1 25°C 


11/4LSB  £1/2LSB 
±1/2LSB±1LSB 

±1/2LSB  ±1LSB 

±1/2LSB  ±1LSB 

±1/2LS8  ±1LSB 


PAC8408GP 


DAC8408ET 

DAC8408FT 

DAC8408FPCt+ 

DAC8408FS 

DAC8408FP 


DAC8408AT 
DAC8408BT 


For  devices  processed  in  total  compliance  to  MIL-STD-883.add/883aftBrpart 
number.  Consult  facloiy  for  883  data  sheeL 

.BunvJn  is  amilabie  on  commsrdal  and  Induttrial  tttftpentun  range  parta  In 
CeiOIP,'  plattic  DIP,  and  TO-can  packagas. 

For  availability  and  bum-in  information  on  SO  and  PLCC  packages,  contMS 
your  local  sales  office.  ^ 


GENERAL  OeSCRIPTIOfi^  '  ' 

The  DAC-8408  Is  a  monollthicquad  8-bit  multiplying  digital-to-: 
analog  CMdS  converter.  Each  DAG  has  its  own  reference  Input, 
feedback  resistor,  and  on-board  data  latches  that  feature 
read/write  capability.  The  readbacl<  function  serves  as  memory 
for  those  systems  requiring  self-diagnostics. 

A  common  8-bit  TTL/CMOS  compatible  input  port  is  use#|^ 
load  date  into  ahy^  of  the  four  Di^  ;]ata^t^iii^^nt<^Mie& 
DS1 ,  DS2,  and  A/Bdetermine™rt«fefrD«©<w^^ 
loading  is  similar  to  that  of  a  RAM's  write  cycle.  Data  rain  be 
read  back  onto  the  same  data  bus  with  cohtrol  line  R/W.  The 
DAC-8408  is  bus  compatible  with  most^S^btt  microprocessors^ 
including  the  6800,  8080,  8085,  and  Z80.  The  DAC'«408 
operates  on  a  single  +5  volt  supply  and  dissipates  less  than 
20mW.  The  DAC-8408  is  manufactured  using  PMI's  highly 
stable,  thin-film  resistors  on  an  advanced  oxide-isolated, 
silicon-gate,  CMOS  process.  PMI's  improved  latch-up  resistant 
^sjgn  eliminates  the  need  for  exti^p^^r|itgp^ive^^^ttl(y 
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PIN  CONNECTIONS 
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^  RfaD 
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wjon 


28-PIN 
HERMETIC  DIP 
(T-Sufffix) 

28-PIN 
EPOXY  DIP 
(P-Suffix) 

28-PIN  sot  * 
(S-SuHix) 


■ouTiA^oura  J} 

B„B  7] 
VrefB  T] 
(L8B)DB0  7] 
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l»2  ii] 


■LtJ[iJliJLi|bdl2ll2l- 
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i  i  i  3 


[2  'out  to 


■  It  ^  3-; 

28-PIN 
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ABSOLUTE  MAXIMUM  RATINGS  (T^  "  ""'^^^ 
otherwise  noted.) 

^DD  '°  'out  2A'  'out  2B'  'oUT  2C'  'oUT  2D "''^^ 

VootoDGND  0.  +7V 

'out  1A'  'out  1 B- 

'out  ic-  'out  id  t°  DGND  ,-0.3V  to       +  0.3V 

RpsA.  RpB^.  Rfb°'  ''fb''    'ouTWffgfSff" *2SV 

'out  2A'  'out  28' 

'out  20'  'out  2D '°  DGND  -0.3V  to  V^^  +  0.3V 

DBO  through  DB7to  DGND  ,..-0.3Vto  Vpp+  0.3V 

Control  Logic 

Input  Voltage  to  DGND  -0.3V  +  V^^  +  0.3V 

VFA.VREpB,V„,,C.V„,,Dto 

'out  2A'  out  2B'  'out  2C'  'oUT  2D i^ay 

Operating  Temperature  Range 

Commercial  Grade  (GP)  ..1.  O'Cto  +70»C 

Industrial  Grade  (ET.  FT.  FP.  FPC.  FS)  -40»Cto  +85°6 

Military  Grade  (AT.  BT)  -55»C  to  +1 25°C 

Junction  Temperature  +150°C 


Storage  Temperature  ....•;...'--6S"'C  fe +150*0 

Lead  Temperetture  (Soldering.  10  sec) '4300*%; 


PACKAGE  TYPE 

e,»(Note1) 

®IC 

UNITS 

28-Pin  Hermetic  DIP  (T) 

S5 

10 

•CM 

2S-Pin  Plastic  DIP  (P) 

S3 

27 

•cm 

28-Pin  SOL  (S) 

68 ' 

.-,1:  -^ii-WOMMT 

23 

•CAN 

2»CantailPlCC(PQ 

29  . 

•cm 

NOTE: 

1 .  is  specified  for  worst  case  mounting  conditions,  i.e.,  S.^  is  specified  for 
device  in  socket  for  CerDlP  and  P-DIP  packages;  e.^  is  specified  for  device 
soklered  to  printed  circuit  board  for  SOL  and  PLCC  padoges. 

CAUTION: 

1 .  Do  not  apply  voltages  higher  than     ^  +  0.3V  or  less  than  -0.3V  potential  on 

any  terminal  except  V^^p  and  R^q. 
2..  The  digital  control  inputs  are  diode- protected;  however,  permanent  damage 

may  occur  on  unconnected  inputs  from  high-energy  etectrosiatic  fields.  Keep 

in  conductive  foam  at  all  times  until  ready  to  use. 

3.  Use  proper  anti-static  handling  procedures. 

4.  Absolute  Maximum  Ratings  apply  to  both  packaged  devices  and  DICE. 
Stresses  above  those  listed  under  Absolute  Maximum  Ratings  may  cause 
permanent  damage  to  the  device. 


ELECTRICAL  CHARACTERISTICS  at  V^^  -  +5V:  V^^p  -  ±10V;  V^y/.  B,  0.  D  «  OV;  T^  -  -55°C  to  +125^0  apply  for  DAC- 
8408AT/BT,  T^  — 40-^0  to  +85X  apply  for  DAC-8408ET/FT/FP/FPC/FS;  T^  «'0*<;tb'+70"G#p^i»'^^^  unless  othefwIsjB 

noted.  Specifications  apply  for  DAG  A,  B,  G,  &  D. 


MRAMETER 

miisoL 

'  i 

coNOrriom.  ' 

MIN 

DAC-8408 
TVP 

MAX 

UNITS 

STATIC  ACCURACY 

Resolution 

N 

6 

Bits 

NonlinMrfty 
(Notes  1,  2) 

INL 

DAC-8408A.'E'G 
□AC-8408B  F  H 

+  1  '4 

:  1  2 

LSB 

Differential 
Non  linearity 

DNL 

DAC-8408A/E/G 
DAC-S408B/F/H 

±1/2 
±1 

LSB 

Gain  Error 

QfSE 

TtWAiiMi^  RfbI  , 

±1 

LSB 

Gain  Tempco  (Notes  3, 6) 

TCqfs 

±2 

+40 

ppm/^C 

Power  Supply  Rejection 

lAVgo  =  ±10%) 

PSR 

0.001 

%FSR/% 

'out  1A,  b,  c.  d 
Leakage  Current 

'lkg  ' 

T;y  =  +25»C  i 

T^  =  Full  Temp.  Range 

±30 
±100 

nA 

(Note  13) 
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ELECTRICAL  CHARACTERISTICS  at  V^^  =  +5V;  V^gp  =  ±10V;  V^u^^B,  C,  D  -  OV;.T^,-  -55»C  to  +125°C,aBply  fsr.DAQ- 
8408AT/BT,     =  -40»C  to  +85''C  apply  for  DAC-8408ET/FT/FP/FPC/FS;  T^  w«S  td4!7ffi»Gaj^fd«  0AOt««*0a6*». iffitftMB^»»Blli«B 

IIUI0U.  ^ipuviiiwaLiuna  apply  >ui  utv^  n,  o,         u-  KfWHnmw 

MRAMETER 

^^"WiiBBt — mmmm-  

 MIN 

DAC-8408 

TVP  MAX 

UNITS 

REFERENCE  INPUT  — 

sen- 

Input  Voltage  Range 

OSS. 

- 

±20 

V 

Input  Resistance  Match  ■ — . 

(Note  4) 

Ites- 

^ifct^C,  D  -, 



±1 

% 

Input  Rnlatance 

— — Blur  

 sw*-  

R 

10 

_  14 

1(11 

DIGITAL  INPUTS 

0 

Digital  Input  Low 

     ^  

0.8 

V 

Digital  Input  IHigii 

V|H 

- 

2.4 

- 

4et:.  i:SV 

Inniit  f^iinwnt 

iNoteS) 

'in 

=  +25°C 

-  FutI  Temp.  Range 

±1.0  ■ 
+  10.0 

Input  OspscitsiTKO 
"INotee) 

8  ' 

'  -  ■  '(S# 

(« «.  ■.-  -. 

RATA  Biifi  mixDinw 

Diqrtal  Output  Low  " 

-  Vol 

1.6mASink                  ''       \  '  

0.4  _ 

Digital  Output  High  ^- 

"  "    ■  VoH  . 

400^ A  Source 

4 

- 

«-1fC!((l 

Output  Leakage 
Current 

'lkg 

Tft  = +25°C  -Qnci9iuU» 
=  Full  Temp.  Range 

_ 

±0.005 
±0.075 

±1.0 
±10.0 

DAG  OUTmiT^INpte  6) 

Propagation  Delay 
( Note  7 1 

'po 

150 

180 

ns 

SstainsTlnie 
(NoM  11, 121 

190 

250 

ns 

Output  Gapacltanoa 

DAC  Latches  All  "O's" 
DAC  Latches  All  "1's" 

— 

30 
50 

ACFea^tiraugh 

FT 

(20Vp^@  F  =  lOOkHzi 

■  ■^  54 

— 

dB 

swiTCHiNo  amiMstemmtis  iNotes  e.  loi . 

-  ■  rfl 

  i 

 -1 

Write  to                  1  T 
Data  Strobe  Time  J. 

Test  * 

—  m 

TAi=+^'C                                  ■    ■  ' 
1a  f  FufI  Temp.  Range         ■  ■'1  - 

 i— .                                                                                              jt  i. 

'  90 

145 

- 

ns 

Data  Valid '°            1  J 
Strobe  Set-Up  Tlm»7'  V 

T~. 

x.  =  +zS°c    ,          ,  i. 

150 
175 

- 

Data  Valid  to 
Strolie  Hslcl  Tniw 

I 

%H 

■       .1   —  r.   1— ^ 

10 

ns 

OAC  Select  to 
Strolw  Set-Up  Time 

tAS 

0 

ns 

DAC  Select  to 
Strobe  Hold  Time 

0 

ns| 

WHte  Select  to 
Strotie  Set-Up  Time 

twsu 

0 

ns- 

Write  Select  to 
Strobe  Hold  Time 

twH  ; 

0 

nsj 

 1 
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noted,  specitlcations  apply  for  DAC  A,  B,  C,  &  D.  Continued 


TYP  MAX 

PARAMETER               .  l^e  . 

8VIH0L 

CONDITIONS 

MIN 

UNITS 

Read  to 
Data  Strobe  Width 

(ros 

Tj=+26°C 

Ta  =  Full  Temp.  Range 

220 
350 

  _ 

ns 

Data  Strobe  to 
Output  valid  Tlm«r  '     ~  ~ 

tco 

Ta=+25''C 

Ta=  Full  Temp.  Range" 

320 
430" 

ns 

Output  Data  to 
Deselect  Time 

'OTD 

Ta=+2S°C 

T/(=  Full  Temp.  Range 

200 
270 

ns 

Read  Select  to 
Strobe  Set-Up  Time 

Read  Select  to 

*RH 

-- - —  

■ '  Strotie  Hold  Time 

"  -  0 

- 

ns 

POWER  SUPPLY 

Voltage  Range   

Vdd  

4.5 

—  5.5 

V 

Supply  Current. 

(Note  8) 

■  dd 

—  50 

Supply  Current 
(Note  9) 

'do 

T((  =  +25°C 

Ta=  Full  Temp.  Range 

-  f.6"'-  ■■ 

-  1.5 

■J.: 
mA 

NOTES: 

1.  This  is  an  end-point  linearity  specification. 

2.  Guaranteed  to  be  monotonia  over  the  full  operating  temperature  range. 

3.  ppm/°C  of  FSR  (FSR  =  Full  Scale  Range  =  Vp^p-  1  LSB.) 

4.  Input  Resistance  Temperature  Coefficient  -  +300ppm/°C. 

5.  Logic  Inputs  are  MOS  gates.  Typical  input  current  at  +25''C  is  less  than 
lOnA. 

■8:  Guaranteed  by  design. 


7.  From  Digital  Input  to  90%  of  final  analog  output  current  , 

8.  All  Digital  Inputs  "0"  or  Vop.  -   -  — 

9.  All  Digital  Inputs  V|H  or  V||^. 
10.  See  Timing  Diagram. 

11   Digital  lnputs  =  OVtoVooorVDDtoOV 

12.  Extrapolated:  tg  (1/2  LSB)  =  tpp  +  6.2t  where  t  =  the  measured  first  time 
constant  of  the  finai  RC  decay. 

13.  All  Digital  Inputs  =  0V;  Vref.=  +10V. 


BJURN-IN  CIRCUIT 


+5y 

Q 


■4.7jiF  -p0.01(iF 


BfbA 

'out  ia 

'out  2A'loUTi 

lour  1B 

RpsB 

Viw» 

(L8B)DB0 

DB1 

DM 

DBS 

DBA 


■V/ 


DGND 
VbEfC 
BfBC 
louT  1C 
'out  !C"out  2D 
—       'out  id 
RfbO 
VkefO 


A/B 
DB7(MSB) 


+10V 

Vbif 

O 


"1. 
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DICE  CHARACTERISTICS 


1. 

Vdd 

15.  DB6 

2. 

VrefA 

16.  DB7(MSB) 

3. 

RfbA 

17.  A/B 

4. 

'out  1A 

18.  RAV 

S. 

louTa/louTii^ 

19:  DS1,., 

6. 

loUTIB 

20.  1^ 

7. 

"fbB 

21.  VbefD 

8. 

VrefB 

22.  RpgD 

9. 

DBO  (LSB) 

23.  Iqutid 

10. 

DB1 

24.  'out  2C^'oUT  2D 

11. 

DB2 

^  'OUTIC 

fit 

BB9               nolle  ' 

'BnO  in..  ,    y  nh  il  » 

m 

DBS''  -.OiStf ) 

■  ia.  DSNB'  -  . ' 

DIE  SIZE  0.130  X  0.124  inch.  16,120  sq.  mils 
(3.30  X  3.15  mm,  10.4  sq.  mm) 


WAFER  TEST  LIMITS  at  Vdd 
DACA,  B,C,  &D. 

=+5V;VRgF  = 

±10V;VoutA,  B,C,D  = 

OV;  Ta=+25°C,  unless  otherwise  noted.  Specif  ications  apply  for 

.  ±                                                            -    -  -. 

iMiMiieieR      !i*  t-': 

SYMBOL 

CONDITIONS 

DAC-8408G 

LIMITS 

UNITS 

STATIC  ACCURACY 

■J 

Resolution 

N 

8 

Bits  MIN 

Nonlinearity  (Note  1 1 

INL 

±1/2 

LSB  MAX 

Differential  Nonlinearity 

DNL 

LSB  MAX 

Gain  Error 

Using  Internal  RpQ 

'   ±1 

LSB  MAX 

Power  Supply  Rejection 
(AVdd  =  ±10%i  (Note  2) 

PSR 

Using  Internal  R^b 

 ^.^  0.001 

 1  '  1  JL^  1  ,  

«FSR/%  MAX 

'out  ia.  b,  c,  d  Leakage  Current 

'lkq 

All  Digital  lnput««<ew 

Vbef=*W 

±30 

nA  MAX 

REFERENCE  INPUT 

Reference  Input 
Resistance  (Note  3} 

e/14 

kfl  MIN/MAX 

Input  Resistance  Match 

±1 

UMAX 

DIGITAL  INPUTS 

Digital  Input  Low 

0.8 

V  MAX 

OgiUI  Input  High 

2.4 

VMIN 

Input  Current  (Note  41 

•in 

+1.0 

fiAMAX 
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WAFER  TEST  LIMITS  at  Vod=+5V;  Vref=±10V;  VqutA,  B,  C,  D  =  OV;  Ta= +25°C,  unless  otherwise  noted.  Specifications  apply  for 
DAC  A,  B,  C,  &  D:  (Continued) 


SYMBOL 


CONOmONS 


DAC-8408G 
LiHrrs 


DATA  BUS  OUTPUTS 


Digital  Output  Low 


Digital  Output  High 


400^  Source 


Output  Leakage  CurrentJ_^  * ' 


Cin-,v  .1.: 


■  fiAMAX 


POWER  SUPPLY 


{  Supply  Current  (Note  Sp 


mAMAX 


Supply  Current  (N^  fe) .  '  ^.    ..^  tpp 


mA  MAX 


NOTES: 

1.  This  is  an  endpoint  linearity  specification. 

2.  FSR  is  Full  Scale  Range  =  Vref  -  1  LSB. 
13.  Input  KeatmtmlSMttlSittSSt^llft^^ 

+3ooppmrei 


I  4.  Logic  inputs  are  MOS  gates.  Typical  input  current  at +25''C  Is  less  than  10nA. 
'  5.  All  Digital  Inputs  are  either  "0"  or  Wqq. 
6.  All  Digital  Inputs  are  either  V|h  or  V|i_. 


-  Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown,  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after  packaging  is  not 
guaranteed  for  standard  product  dice.  Consult  factory  to  negotiate  specifications  basetlf  n  di^  lot  qualification  ^through  sample  lot  assembly  and  testing. 


TYPICAL  PERFORMANCE  CHARACTERISTICS 


SO 


SUPPLY  CURRENT 
vs  LOGIC  LEVEL 


ANALOG  CROSSTALK 
vs  FREQUENCY 


..y 
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TIMING  DIAGRAM 


I  Y-  V- 


15-  -W  Of^iBUS  DATA  VALID       "\—  f     OATA  VALID  ^ 

. ,    ;v  fW-  Jr™y  ^ 

'  fit      I  I         T  I      1  ,     T  .       I       I  I 


!  I 


—I  lAH 


I  I 

I  I 


IVW  ^ 


« — tvisu 
WRITE  CYCLE 


 f 

I  I  I 
I     I  I 

-H    I*  IbBU   •]  tflH  I* — 


I  I 


REFERENCE  LEVEL  IS 


»IH  >  Vml 

 5  ■ 


oifCl  tuoni  Utiglb  s-i.'  easlbioijei 
'10"  9)ifii1  (1  23(1  fijJWf  \^lA*r\mt  r(»ii.i 


MRAMETER  DEFINITIONS 


1 

'  ResolutibA  tstNi  mmfi&of^siatesi 
(FSR)  af  a  DAC  Is  mSS^  (i^^^N 

NONLINEARITY 

Nonlinearity  (Relative  Accuracy)  is  a  measure  of  the  maximum 
deviation  from  a  straight  line  passing  through  the  end-points  of 
the  OAC  transfer  function.  It  is  measured  after  adjusting  fo( 
Ideal  zero  and  full-scalevand  is  w^^fised  in  LSB,  %,  or  ppM  ^ 
full-scale  range.  ' 

DIFFERENTIAL  NONLINEARITY 

Differential  Nonlinearity  is  the  worst  case  deviation  of  any 
adjacent  analog  outputs  from  the  ideal  1LSB  step  size.  A 
specified  differential  nonlinearity  of  ±1  LSB  maximum  over  the 
operating  temperaMni  «m^«fQSiire$  Rionotonicity. 

GAIN  ERROR 

Gain  Error  (full-scale  error)  is  a  measure  of  the  output  error 
between  the  ideal  and  actual  DAC  output.  The  ideal  full-scale 
output  is  Vref-  1  LSB. 

OUTPUT  CARACITANCE 

Output  Capacitance  Is  that  capacitance  between  Iqut  ia» 
'out  i&  'out  i&  Of  'out  iD^nd  AGND. 


ifci^itoTHReirtslBiiHy*^^^^^^  ^ 

This  is  the  error  caused  by  capacitance  coupting  from  Vref^ 
tfCoAc  output  with  all  switthes  off.  f'^mEe"'  '""^  Mn-M^<^. 

SETTLING  TIME  '  "  ''" 

— ^.-.-i  - 

Settling  Time  is  the  time  required  for  the  output  function  of  the 
DAC  to  settle  to  within  1/2  LSB  for  a  given  digital  input  signal^ 

PROPAGATION  DELAY 

Tffis  is  a  measure  of  the  internal  delays  of  the  DAC.  It  is  defined 
as  thedme  from  adigttal  input  change  to  the  analog  output** 
current  reaching  90%  of  its  final  value. 

CHANNEL-TO-CHANNEL  ISOLATION 

This  is  the  portion  of  input  signal  that  appMrs  at  the  oti^t  of  a 
DAC  from  another  OACs  reference  input.  It  is  expt^aisalMil  asa 
ratio  in  dB. 

DIGITAL  CROSSTALK 

Digital  Crosstalk  is  the  glitch  energy  transferred  to  the  output  of 
one  DAC  due  to  a  change  in  dIfM  iBpwt  code  from  other 
DACs.  It  is  specified  in  nVs. 
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CIRCUIT  INFORMATION 

The  DAC-8408  combines  four  identical  8-bit  CMOS  DACs  onto 
asingle  monolithic  chip.  Each  DAC  has  its  own  reference  input, 
Teedbacl<  resistor,  and  on-board  data  latches.  It  also  features  a 
jiead/write  function  that  serves  as  an  accessible  memory 
^location  for  digital-input  data  words.  The  DAC's  three-state 
readback  drivers  place  the  data  word  back  onto  tHe'tp|t»ls:" 

Q/A  CONyERTER  SECTION 

Each  DAC  containsa  highly  stable,  silicon-chromium,  thin-film, 
R-2R  resistor  ladder  network andeightpairsof  current  steering 
switches.  These  switches  are  In  series  with  each  ladder  resistor 
and  are  single-pole,  double-throw  NMOS  transistors;  the  gates 
of  these  transistors  are  controlled  by  CMOS  inverters.  Rgure  1 
shows  a  simplified  circuit  of  the  R-2R  resistor  ladder  section, 
and  Figure  2  shows  an  approximate  equivalent  switch  circuit 
The  current  through  each  resistor  leg  is  switched  betw{0en  locrn 
and  louT  2-  This  maintains  a  constant  currBrrriTT  each  leg, 
regardless  of  the  digital  input  logic  states. 

Each  transistor  switch  has  a  finite  "ON"  resistance  that  can 
introduce  errors  to  the  DAC's-specified  performance.  These 
resistances  must  be  accounted  for  by  making  the  voltage  drop 
across  each  transistor  equal  to  each  other.  This  is  done  by 
jbinarily-scaling  the  transistor's  "ON"  resistance  from  the  most 
significant  bit  (MSB)  to  the  least  significant  bit  (LSB).  With  10 
volts  applied  at  the  reference  Input,  the  current  through  the 
MSB  switch  is  O.Sm  A.  the  next  bit  i;  0.25mA,  etc;  this  rnainMns . 
a  constant  10mV  drop  across  each  switch  and  the  converter's 
accuracy  is  maintained.  It  also  results  in  a  constant  resistance 
appearing  at  the  DAC's  reference  input  terminal;  this  allows  the 
DAC  to  be  driven  by  a  voltage  or  current  source,  AC  or  DC  of 
positive  or  negative  polarity. 

Shown  in  Rgure  3  is  an  equwalentputput  circuit  for  DAC  A.  The 
circuit  is  shown  with  all  digital  inputs  high.  The  leakage  current 
source  is  the  combination  of  surface  and  junction  leakages  to 
the  substrate.  The  1/256  current  source  represents  the  constant 
1-bit  current  drain  through  the  ladder  terminating  resistor.  The 
situation  is  reversed  with  all  digital  infiuSctolwr<aa«9tiewn.tn 
Figure.A  Th^^AutputbOfpssttanosi  is  code  flependent  and 
ther9fqrei'i%«iiodu|eiedtl$etWien<tl9a  low:«pe|  h 


FIGURE  1:  Simplified  D/A  QrcuK  of  Dmmmj.  .< . 


R  R  R 


FIGURE  2:  N-Channei  Current  ^ring  SMmi 
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LOGIC 
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FIGURE  3:  Equivalent  DAC  Circuit  (All  digital  Inputs  HIGH) 
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FIGURE  4:  Equivalent  DAC  Circuit  (All  digital  Inputs  LOW) 
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DIGITAL  SECTION 

Figure  5  shows  the  digital  input/output  structure  for  one  bit. 
The  digital  WR,  WR,  and  RD  controls  shown  in  the  figure  are 
internally  generated  from  the  external  A/B,  R/W,  DS1 ,  and  DS2 
signals.  The  combination  of  these  signals  decide  which  DAC  is 
selected.  The  digital  inputs  are  CIVIOS  inverters,  designed  such 
that  TTL  input  levels  (2.4V  and  0.8V)  are  converted  into  CMOS 
logic  levels.  When  the  digital  input  is  in  the  region  of  1.2  to  1.8V, 
the  input  stages  operate  in  their  linear  region  and  draw  current 
from  the  +5V  supply  (see  Typical  Supply  Current  vs  Logic  Level 
curve  on  page  6).  It  is  recommended  that  the  digital  input 
voltages  beascloseto  Vopand  DGND  as  is  practical  in  order  to 
minimize  supply  currents.  This  allows  maximum  savings  in 
power  dissipation  inherent  with  CIWOS  devices.  The  three-state 
readbacl<  digital  output  drivers  (in  the  active  mode)  provide 
TTL-compatible  digital  outputs  with  a  fan-out  of  one  TTL  load. 
The  three-state  digital  readbacl<  leakage-current  is  typical lySnA. 

FIGURE  5:  Digital  Input/Output  Structure 


BUFFEIf 
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-  TOJouTZ 
SWITCH 


SWITCH 


INTERFACE  LOGIC  SECTION  n        .  i-»A^M« 

DAC  Operating  Modes  Q  i.  )^:iu  ."  -«e<J«rno3 

•  All  DACs  In  HOLD  MODE.       ■      '       > .  -  •(»8»--fl 

•  Ji5AC  A,  B,  C,  or  D  individually  selected  (WRITE  mDDE). 

•  DAC  A,  B,  C,  or  D  individually  selected  (READ  MODE). 

•  DACs  A  and  C  simultaneously  seleeiei*'(flft»IPPE  MODE). 

•  DAGs  B  and  D  simultaneously  selected  (WftiTE  MODE). 

DAC  Selection:  Control  inputs,  DS1,  DS2,  and  A/B  select  which' 
DAC  can  accept  data  from  the  input  port  (see  Mode  Selection 
Table). 

Mode  Selection:  Control  inputs  DS  and  R/W  control, .JIhet  | 
operating  mode  of  the  selected  DAC.  .- 

■ ......  ■  ■  .         -    J.'A'^)  ^^S3 

Write  Mode:  When  the  control  inpi^Miti^^fMM^NIMNi 
theselected  DACis  in  the  yyrite  mcal^,lig}iiei4ii}S^ 
the  selected  DAC  a/e^.trsinsparatl^^  fMb  itosWMliiiMWi 
responds  to  a6tivtty  onrtie}(teta  (r>pi«ts  PBCMDBSI' ':  •■'-■--'X-^ 

Hold  MederThe  selected  DAX^  latch_retains_the  data  that  was 
present  on  the  bus  line  JiiSt  prior  to  OS  or  R/W  going  to  a  high 
state.  All  analog  outputs  remain  at  the  valtte^<6oii*^s#>il!ilWiM 
the  data  in  their  respective  latches.  '       ■   t  b*tPui^« 

  _  ->5S'f 

Read  Mode:  When  DS  is  lowand  R/W  is  high,  the  selected 

is  in  the  read  mode,  and  the  .data  held  in  the  appropria;te  la^» 
put  b^t}^^i^,p,,^^_  ^.  ,  ^5,,  ,  3 

MODE  SELECTION  TABLE  o  lE  icortetaW  ;  ^av 


CONTROL  LOGIC 

■  r 

DS1 

DS2 

A/B 

R/W 

MODE 

DAC 

L 

H 

H 

L 

WRITE 

A 

L 

H 

L 

L 

WRITE 

B 

H 

L 

H 

L 

WRITE 

C  ^ 

H 

L 

L 

L 

WRITE 

D  , 

L 

H 

H 

H 

READ 

A 

L 

H 

L 

H 

READ 

B 

L 

H 

H 

READ 

C 

H 

L 

L 

H 

REAP_  

0 

L  , 

:  L 

L 

.;.  WRITE 

L 

'r.  L 

_L 

am 

H 

H 

X 

X 

HOLCJ  >- 

-A 

L 

L 

H 

H 

HOLD 

A/B/C/D 

L 

L 

L 

H 

HOLD 

/V/B/C/D 

L=  LOW  STATE   H  =:H(Si±STAT.E  .X=  IRRELEVANT 
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BASIC  APPLICATIONS 

Some  basic  circuit  configurations  are  shown  in  Figures  6  and  7. 
Figure  6shows  the  DAC-8408  connected  in  a  unipolar  configura- 
tion {2-Quadrant  Multiplication),  and  Table  I  shows  the  Code 
Table.  Resistors  R1,  R2,  R3,  and  R4  are  used  to  trim  full  scale 
output.  Full-scale  output  voltage  =  Vr^f-  1  LSB  =  Vref  ( 1  -2^ )  or 
Vref  X  (255/256)  with  all  digital  inputs  high.  Low  temperature 
coefficient  (approximately  50ppm/°Ci  resistors  or  trimmers 
should  be  selected  if  used.  Full  scale  can  also  be  adjusted  using 
Vref  voltage.  This  will  eliminate  resistors  R1,  R2,  R3,  and  R4.  In 
many  applications,  R1  through  R4  are  not  required,  and  the 
maximum  gain  error  will  then  be  that  of  the  DAC. 

Each  DAC  exhibits  a  variable  output  resistance  that  is  code- 
dependent.  This  produces  a  code-dependent,  differential  non- 
linearity  term  at  the  amplifier's  output  which  can  have  a 
maximum  value  of  0.67  X  the  amplifier's  offset  voltage.  This 
differential  nonlinearity  term  adds  to  the  R-2R  resistor  ladder 
differential-nonlinearity;  the  output  may  no  longer  be  mono- 
tonic.  To  maintain  monotonicity  and  minimize  gain  and  linearity 
errors,  it  is  recommended  that  the  op  amp  offset  voltage  be 
adjusted  to  less  than  10%  of  1  LSB  (1  LSB  =  2'^  X  Vref  or 
1/256  X  Vr£f  ),  or  less  than  3.9m  V  over  the  operating  temperature 
range.  Zero-scale  output  voltage  (with  all  digital  inputs  low? 
may  be  adjusted  using  the  op  amp  offset  adjustment.  Capacitors 
CI,  C2,  C3,  and  C4  provide  phase  compensation  and  help  pre- 
vent overshoot  and  ringing  when  using  high  speed  op  amps. 

Figure  7  shows  the  recommended  circuit  configuration  for  the 
bipolar  operation  (4-quadrant  multiplication),  and  Table  II 
shows  the  Code  Table.  Trimmer  resistors  R17,  R18,  R19,  and  R20 


are  used  only  if  gain  error  adjustments  are  required  and  range 
between  50  and  lOOOfl.  Resistors  R21,  R22,  R23,  and  R24  will 
range  betwen  50  and  500n.  If  these  resistors  are  used,  it  is 
essehtial  that  resistor  pairs  R9— R13,  RIO— R14,  R11— R15, 
R12 — R16  aFefliatched  both  in  value  and  tempco.  They  should 
be  within  0.01%;  Wire  wound  or  metal  foil  types  are  preferred  for 
best  ttrnpei^ture  coefficient  matching.  The  circuits  of  Figure  6 
and  7  can  either  be*£H^ssMB'%ied^e|rance  D/A  converter,  or 
as  an  attenuator  with  aft-xAC  input  wittage. 

TABtC  T:  Unipolar  BIhairy  Code  Table  (Refisrfb  Figiife  6.) 


DAC  DATA  INPUT 
MSB  LSB 


ANALOG  OUTPUT 


11111111 


"^"EF  (255) 


1    0    0    0    0    0    0  1 


-Vref  (^) 


-VpEF  (^)  -- 


1  ,9  ,0  0  ,0  .0,,,0  0, 


i'||Mao®i -.Ofi®.  ' 0'  O"' :1 


V  256  / 


60  0  0  0  0  b  D ; 


NOTE:  , 


FIGUREte  Quad  D^|l^olar0^ratioW(2-QuAdrant  j^ultlplication) 
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T"  ^ 


V«EfA 

HfbA  I 
'out  1A 

■outWoutu 

'out  IB 

RfbB 
Vbej* 


Vbsf 

408  RfbC 
'out  1C 
'out2c^iout3d 

'out  id 
RfbD 
Vbef 


DS1 
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FIGURE  7:  Quad  OAC  Bipolar  Operation  (4-Quadrant  Multiplication) 


VbefA 

Vb6fC 

"fb* 

Bf,C 

■OUTI*   

<ouTia 

■our  ID 

Rf,B 

VubfB 

VbIfD 

vorrwra<  jsK 

C"!  v;r-i---q 


,<M^>ftt1i!>iiP-«0>,  OR  1/4  QP-421I. 


f-  :  ■  

DAC  DATA  INPUT 

ANALOG  OUTPUT 

1  MSB 

u 

(DACAOROACB) 

1    1  1 

1 

1    0  0 

0 

— h- 

0  tt>,Q, 

1    0  0 

0 

0 

1  0  1  1 

1 

1 

1  f1 

1 

0   0  0 

1 

0 

0  0  0 

ii 

-Vref  (^) 

0  0  0 

0 

0  0  0 

0 

-Vref  ( 

ARRLICATIOM  MINXS 
General  Ground  Management:  ACortransIe^ 
AGND  and  DGND  Can  appear  as  noise  at  ftie 
analog  output.  Note  that  in  Figures5andQk4^  jf2A^oirT2BBnd , 
lotir  2(/'ouT  2D  ace  connected  to  AOND.  Therefore,  it  is' 
recommended  that  AGND  and  DGND  be  tied  together  at  the 
DAC-8408  socket.  In  systems  where  AGND  and  DGfiD  are  tied 
together  oi^  the  backplane,  two  diodes  (1 N914  or  ef  u^iplentt 
should  bfr«0nned(ed-in  invdrse  parallel  between  AdMl)  ani 
;  DGND. 


MUUo  Enable  Timing:  During  ttie  period  When  both     and  R/W 
are  held  low,  the  DAC  latches  are  transparent  and  the  analog 
output  responds  directly  to  the  diiiW  data  Input  To  preventi 
unwanted  variations  of-the  analog  otitput;-thfrfi/W-si)o«M 
go  low  until  the  data  bus  is  fully  settled  (DATA  WU.ID). 


If     #1  »,l||)PiPi^ 


preoBce  OKC  output  voltages  from  OV  to  +1.5V.  In  Figure  8, 
'the  DAC-8408  R-2R  ladder  is  inverted  from  its  normal  con- 
nection. A  +1.S00V  reference  is  connected  to  the  current 
output  pin  4  (louT  ia)>  Bnd  the  normal  VRgpinput  pin  becomes 
the  DAC  output.  Instead  of  a  normal  current  outp\jt,  the  R-2R 
ladder  outputs  a  voltage.  The  OP-490,  consisting  of  four 
precision  low-power  op  amps  that  can  operate  its  Inputs  and 
outputs  to  zero  volts,  buffers  the  DAG  to  produce  a  Ipw- 
impedance  output  voltage  from  OV  to  -f  t.Siy.fp-scale.  Tt^le 
III  shows  the  code  table. 

With  the  supply  and  reference  voltages  as  shown,  better  than 
1/2  LSB  differential  and  integral  nonllnearlty  can  be  ex- 
pected. To  maintain  this  performance  level,  the  +5V  supply 
must  not  drop  below  4.75V.  Similarly,  the  reference  voltage 
must  be  no  higher  than  1.5V.  This  is  because  the  CMOS 
switches  require  a  minimum  level  of  bias  in  orderto  maintain 

the  linearity  performance.  ^  •  i 

I  '  i 

FIGUBE^g:  jlijp6!a|  Suppisi  \faltage  Output  BWC  Operation 
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+0.7441  V 

0 

-« 

1 
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FIGURtfii  A  Dt3lWir<^lM^MmB>^i@  yniversal  Active  HIM:: 


A  DIGITALLY  PROGRAMMABLE  ACTIVE  FILTER 

A  powerful  D/A  converter  application  Is  a  programmable 
^active  filter  design  as  shown  In  Figure  9.  The  design  Is  based 
Ion  the  state-variable  filter  topology  which  offers  stable  and 
irepeatable  filter  characteristics.  DAC  B  and  DAC  D  can  be 
prbgrarnnred  in  tandem  with  a  single  digital  byte  load  which 
S^ts  the  center  frequency  of  the  filter.  DAC  A  sets  the  Q  of 
flfteYil'tei-.  DAC  C  sets  the  gain  of  the  filter  transfer  function. 
The  unique  feature  of  this  design  Is  that  varying  the  gain  of 
filter  does  not  affect  the  Q  of  the  filter.  Similarly,  the  reverse  is 
also  true.  This  mal<es  the  programmability  of  the  filter 
extremely  reliable  and  predictable.  Note  that  low-pass,  high- 
pass,  and  bandpass  outputs  are  available.  This  sophisticated 
function  is  achieved  in  only  two  IC  pacl<ages. 

The  network  anaiyzer  photo  shovi(n  In  .Figjjre  10  gUperlgiT 
poses  flveSetual  bandpass' responses  ranging  rrom  the  low- 
est frequency  of  75Hz  (1  LSB  ON)  to  a  full-scate  frequency  of 
19.132l<Hz  (all  bits  ON),  which  is  equivalent  to  a  256  to  1 
dynamic  range.  The  frequency  is  determined  by  fc=  1/2jrRC 
where  R  is  the  ladder  resistance  (R|n)  of  the  DAC  -8408,  and 
C  is  lOOOpF.  Note  that  from  device  to  device,  the  resistance 
RiN  varies.  Thus  some  tuning  may  be  necessary. 


FIGURE  10;  iP'rogrammable  Active  Flli 
Response 


hf»i»Pa8s  Frequence 


THE  CIRCUIT  PROVIDES  FULL  8-BIT 
(>  2  DECADE )  DYNAMIC  RANGE  OF 
FREOUEN(;viCONTROL 


-1  <mL^aii;g 


All  components  used  are  available  off-the-shelf.  Using  low 
drift  thin-film  resistors,  the  DAC-8408  exhibits  very  stable 
performance  over  temperature.  The  wide  bandwidth  of  the 
OP-470  produces  excellent  high  frequency  and  high  Q 
response.  In  addition,  the  OP-470's  low  Input  offset  voltage 
assures  an  unusually  low  DC  offset  at  the  filter  output. 


DAC-8408 


FIGURE  11:  A  Digitally  Programmable,  Low-Distortion  Sinewave  Oscillator 


DIGITAL  INPUTS 


15   14    13    12   11    10  9 


A  LOW-DISTORTION,  PROGRAMMABLE 
SINEWAVE  OSCILLATOR 

By  varying  the  previous  state-variable  filter  topology  slightly, 
one  can  obtain  a  very  low  distortion  sinewave  oscillator  with 
programmable  frequency  feature  as  shown  in  Figure  11. 
Again,  DAC  B  and  DAC  D  in  tandem  control  the  oscillating 
frequency  based  on  the  relationship  f^  =  ^/2■n■RC.  Positive 
feedbacl<  is  accomplished  via  the  82.5kn  and  the  20l<n  potentio- 
'meter^Tbe  Q  jQf  tbeoscUlator  ja.d£dern)ined  by      tatio  of 


lOkn  and  475n  in  series  with  the  FET  transistor,  which  acts 
as  an  automatic  gain  control  variable  resistor.  The  AGC 
action  maintains  a  very  stable  sinewave  amplitude  fit  any 
frequency.  Again,  oniy  two  ICs  accomplish  a  ve^y,.fjseful 
function. 

At  the  hjghgstj frequency  setting,  tbe  tiaimpnic  distortion 
level  measures  0.016%.  fi,s  the  frequencies  dtop,  distortion 
also  drops  to  a  low  of  0.006%.  At  the  lowest  frequency  setting, 
distortion  came  back  up  to  a  worst  case  of  0.035%. 
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Quad,  12-Bit  DAG 
Voltage  Output  with  Readback 


DAC-8412/DAC-8413 


FUNpTIONAL  BLOCK  DIAGRAM  iga<BB-!i,a 


FEATURES 

+5  to  ±15  Volt  Operationi 
Unipolar  or  Bipolar  Operation 
True  Voltage  Output 
Double-Buffered  Inputs  | 
Reset  to  Min  or  Center 
Fast  Bus  Access  Time 

mum^  i_l  

APPUCA-pONS 
Autpifiatje  Test  Equipment 
Digitahy  Controlled  Calibration 
Sei%^  Controls 
Process  Control  Equipment 

GENERAL  DESCRIPTION 

The  DAC-8412  and  DAC-8413  are  quad,  12-bit,  voltage  output 
DACs  with  readback  cappbiJily.  Built  using  a  roniplemeotary 
BiCMOS  process,  these  i^^^^^^ ''j^^^^^^^^^^'v&jcy 
high  package  density.     !        '  -  ' 

Outpu^rletge  mmgW  iei  by  the  two  referenqe  inputs  IIksm 
and  VRipiL.  By  setting  tlie  Vre^l  input  to  %Mlts  and  » 
a  positivfe  voltage,  theDAC  will  provide  a  unipblar  posJi*e  ow* 
put  T^ge.  A  similar  configuration  with  Vkefh    0  volts  and 
Vrefi:'*  f  negative  voltage  will'  provide  a  unipolar  negative  out- 
put range.  Bipolar  outputs  are  configured  by  connecting  both 
Vrefh  and  Vrefl     nonzero  voltages.  This  method  of  setting 
output  voltage  range  has  advantages  over  other  bijnlar  offsetting 
methods  because  it  is  not  dependent  on  interna^  add  ^Rernal 
resistors  with  different  tepipsptjjre  coefGcK^j 

I  0 


a.soo 


VoUTB 


Voint 


Digital  controls  allow  the  user  to  load  or  i^d  tadNlata  from 
_Miy'  ISA(l,  tt6^  any  DAC  and  wnsfer  data  to  afl  OA^iA  jte' 

Mactive  iaw  RESET  loads  all  DAC  mS^i^^^^^^lltP  ^ 
seifeforthe'  bAC-8412  and  zero  scale  foffeli^  i»C*BW.'^<'- ' 

The  DAC-8412/DAC-8413  are  available  in  28-pin  plastic  DIP, 
cerdip,  PLCC  and  LCC  packages.  They  can  be  operated  from  a 
wide  variety  of  supply  and  reference  voltages  with  supplies  rang- 
ing from  single  +5  volt  to  ±15  volts,  and  references  from  -1-2.5 
to  ±10  volts.  Power  dissipation  is  less  than  330  mW  with  ±15 
volt  supplies  and  only  60  mW  with  a  4-5  volt  supply. 

For  MIL-STD-883  appUcations,  contact  your  local  ADI  sales  , 

office  for  the  DAC-8412/DAC-8413/883  data  sheet  which  speci- 
es -.-^ u^^tsmailcma^f^  : 


I  ts  -F12$''Cf  temperature  |an^ 


i-:  hi.'.? 


DIGITAL  INPUT  CODE 
INL  VS.  CODE  OVER  TEMPERATURE 


'annuls  W3  fag»jj  vdma  «  {auaal  md  ^t/^pta  ^iW-^vm  ii6x       Liraim-u-u^  ti  at^tcrjlQf 


DAC-8412/DAC-8413-SPECIFICATI0NS 


ELECTRICAL  CHARACTERISTICS  - 


(@  V„„  =  +1 5.0  V,  Vss  =  -15.0  V,  Vlobic  =  +5.0  V,  V^n,  =  +10.0  V,       =  -10.0  V, 


Parameter 

Symbol 

Conditions 

Min 

Typ 

Max 

Units 

Integral  Linearity  "E" '     '  ' 

INL 

0.25 

±0.5 

LSB 

Integral  Linearity  "F"  * 
Differential  Linearity"''^'  -'^ 
Min  Scale  Error 
Full-Scale  Error 
Min  Scale  Tempco 
Full-Scale  Tempco 

INL 
DNL 

VzSE 

Vfse 

TCVzsE 

TCVpsE 

Monotonic  Over  Tenqentuie 

Rl  =  2  kn 
Rl  =  2  kn 
Rl  =  2kn 

RL  =  2kn 

-I 

15 

20 

±1 

±2 
±2 

LSB 

LSB 

LSB 

LSB 

ppm/°C 

ppm^C 

MATCHING  PERFORMANCE 
Linearity  Matching 

±1 

LSB 

RRFRRFNPF 
Po^i^  Riiferaice  Input  Kinge 
Negative  Reference  Input  Range 
Reference  High  Input  Current 
Reference  Low  Input  Current 

Irefh 

Note  2/ V 
NquZ, 

Vrbfl  2.5 
-10 

-2.75  ' 
0 

+  1.5 
+2 

Vdd  -  2.5 
Vrefh  ~  2.5 
+2.75 
+2.75 

V 
V 

mA 

n^A-. 

AMPLIFIER  CHARACTERISTICS 
Output  Current 
Settling  Time 
Slew  Rate 

loUT 

ts 
SR 

to  0.01% 
10%  to  90% 

-5 

6 

2.2 

+5 

mA 
(isec 
V/»isee 

LOGIC  CHARACTERISTICS 
Logic  Input  High  Voltage 
Logic  Input  Low  Voltage 
Logic  Output  High  Voltage 
Logic  Output  Low  Voltage 
Logic  Input  Current 
Input  Capacitance 
Crosstalk 

Large  Signal  Bandwidth 

v„™ 

Vn«. 

VoH 

Vol 

Ta  =  +25°C 
Ta  =  +25X 
loH  =  +0.4  mA 
loL  =  -1.6  mA 

-3  dB,  Vrbfh  =  0  to  +10  V  p-p 

2.4 
2.4 

8 

>72 
160 

0.8 

0.4 
1 

V 
V 
V 

v 

|xA 
pF 
dB 
IcHz 

LOGIC  TIMING  CHARACTERISTICS 

WRITE            "'.  '       '  . 
Chip  Select  Wd^'K^'?^fi|&' ' 
Write  Setup 
Write  Hold 
Address  Setup 

twcs 
Ws 

twH 
tAS 

Notes., 
t^pcs  =  80  ns 

80 
0 
0 
0 

40 

ns 
ns 
ns 
ns 

Address  Hold 
Load  Setup 
Load  Hold 
Write  Data  Setup 
w  Lite  Lnujn  nuui 
Load  Pulse  Width 
Reset  Pulse  Width 

tAH 
tLS 
tLH 
twDS 

Wdh 

^LWD 

Preset 

Wcs  —  80  ns 

0 

70 

30 

20 

0 

170 

140   -  - 

30 
10 

130 
100 

ns 
ns 
ns 
ns 

ns 
ns 

READ 

Chip  Select  Read  Pulse  Width 

HmH  F)arci 

i^cao  i^aia  noia 
Read  Data  Setup 
Data  to  Hi  Z 
Chip  Select  to  Data 

^RCS 

^RDH 

^RDS 

tDZ 

tcSD 

^Rcs  —  130  ns 
Ircs  =  130  ns 
Cl  =  10  pF 
Cl  =  100  pF 

130 

u 

0 

100 

150 
120 

160 

ns 
ns 
ns 
ns 
ns 

SUPPLY  CHARACTERISTICS 
Power  Supply  Sensitivity 
Positive  Supply  Current 
Negative  Supply  Cunent 
Power  Dissipation 

PSS 
Idd 

*ss 
Pdiss 

14.25  VsVddSIS.:^  V 
Vrefh  =  +2-5  V 

-10 

8.5 
-6.5 

150 
12 

330 

ppmA' 
mA 
mA 
mW 

NOTES 

^AU  supplies  can  be  varied  ±5%,  and  operation  is  guaranteed.  Device  is  tested  with  nominal  supplies. 
'Operation  is  guaranteed  over  this  leference  range,  but  linearity  is  neither  tested  nor  guaranteed. 
'All  input  control  signals  are  specified  widi  tr  =  tf  =  5  ns  (10%  to  90%  of  +S  V)  and  timed  frran  a  voltage  level  of  1.6  V. 
Sped&cati(M.MbjwtM  ctaaoge  widioat  notice. 
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Parameter 

Symbol 

Conditions 

Mia 

Typ 

Max 

Uote 

Intend  Linearity  "E" 

INL 

1/2 

±1 

LSB 

Integral  Linearity  "F"  "^l"'  _ 

INL 

±2 

LSB 

Integral  Linearity  "E"  /JOs  fti^  [ 

INL 

Vss  = 

0.0  V;  Note  2 

±2 

LSB 

Integral  Linearity  T^XMO  Re  J  ^ 

INL 

Vss  = 

0.0  V;  Note  2 

±4 

LSB 

Differential  Linean^  loua  HZ.i 

DNL 

Monotonic  Over  Temp 

-1 

LSB 

Min  Scale  Error        ,cm!I  BZ  ' 

Vss  ~ 

-5.0  V 

±4 

LSB 

Full-Scale  Error           ohn  V  , 

VpsB 

Vss  = 

-5.0  V 

±4 

LSB 

Min  Scale  Error 

VzSE 

Vgs  — 

0.0  V 

±8 

LSB 

Full-Scale  Error 

V 

Vfse 

Vss  = 

0.0V  ! 

T 

Min  Scale  Tempco 

TCVzSE 

IW 

Full-Scale  Tempco 

100 

lIlMllfff? 
ppDV  V 

MATCHING  PERFORMANCE 

Linearity  Matching 

■+- 1 

REFERENCE 

Positive  Reference  Input  Range 

Note  '. 

Vrefl  2.5 

Vdd  -  2-5 

V 

Negative  Reference  Input  Range 

Vss  = 

0.0  V 

0 

Vrefh  -  2-5 

V 

Negative  Reference  Input  Range 

Vss  = 

-5.0  V 

-2.5 

Vrefh  ~  2.5 

V 

Reference  High  Input  Current 

Irefh 

CodeOOOH 

-1.0 

-Hl.O 

mA 

AMPLIFIER  CHARACHfifeieS  ^"  ' 

hmi  

Output  Current 

lour 

-1.25 

-1-1.25 

mA 

Settling  Time 

ts 

to  0.01% 

6 

Slew  Rate 

SR 

10%  to  90% 

2.2 

V/(iS 

LOGIC  CHARACTERISTICS 

Logic  Input  High  Voltage 

ViNH 

Ta  = 

+25°C 

2.4 

V 

Logic  Input  Low  Voltage 

Vd«. 

Ta  = 

-i-25°C 

0.8 

V 

Logic  Output  High  Voltage 

VoH 

loH  ~ 

+0.4  mA 

2.4 

V 

Logic  Output  Low  Voltage 

Vol 

Ioi.= 

-1.6  mA 

0.45 

V 

Logic  Input  Current 

IlN 

1 

)iA 

Inpat  Capaaaace 

CjN 

8 

pF 

Note  4 

Chip  Select  Write  Pulse  Width 

ISO 

90 

ns 

Write  Setup  ill^l^St^l^^^ 

|r*WCS  ' 

=  150  ns 

0 

ns 

Write  Hold      '  "'^^^^^^^ 

*wcs  ' 

'  ISOns 

0 

ns 

Address  Setup 
Address  Hold 

(as 
Iah 

:ni\ti.  ■ 

0 
0 

n  r 
SB 

Load  Setup 

'ls 

70 

30 

■■y 

as 

Load  Hold 

tLH 

50 

20 

Write  Data  Setup 

twDS 

twcs  " 

=  150  ns 

20 

ns 

Write  Data  Hold 

twi>H 

^WCS  " 

=  ISOns 

0 

ns 

Load  Pulse  Width 

180 

130 

ns 

Reset  FulselMlll 

Preset 

150 

110 

!*• 

READ 

Chip  Select  Read  Pulse  Width 

'rcs 

170 

120 

ns 

Read  Dau  Hold 

Irdh 

Ircs  ~ 

170  ns 

20 

ns 

Read  Data  Setup 

Irds 

tRCS  " 

170  ns 

0 

ns 

Data  to  Hi  Z 

tnz 

Ci.= 

10  pF 

200 

ns 

Chip  Select  to  Data 

tcSD 

Ci.= 

100  pF 

220 

320 

ns 

SUPPLY  CHARACTERISTICS 

Power  Supply  Sensitivity 

PSS 

100 

ppm/V 

Positive  Supply  Current 

7 

12 

mA 

Native  Supply  Current 

Iss 

Vss  = 

-5.0  V 

-10 

niA 

NOTES  -  'Ji  ■-. 

'All  supplies  can  be  varied  ±5%,  and  operation  is  guaranteed.  Device  is  tested  with  Vdd  =  +4.75  V.  ^%  .tijiai!  iglUOa-ftgid  OUT'. 

'For  single  su|q>ly  operation  only  (Vti^rL  =      V,  V^s  =  0.0  V):  Due  to  internal  offset  errors,  INL  ii|ld[^gt  JJJ  HMpill  j  l1,t*B'"]8^yii>jiS^1"^ 
'pperallon  is  guaiameed  over  this  reference  range,  buc  linearity  is  neither  tested  nor  guaranteed. 
*AI1  iiqiin  control  aignafa  aie  qiedfied  with  tr  =  tf  w  $  itt  (ISM  lo  90%  of -<-S  V)  md  timal  finm  a  voltage  kml  of  1.6  V. 
S^wifirarinm  mbject  to  change  nithout  noiice. 


WAFER  TBTtlMITS 


vi»;,"B(^  ■ti;,i.il.u  w,  tjj  —  ~l*u  ».  »m(C  '""  •ll£fH  ~  +IU.II  V,  Vgi 


DAC-8412GBC 
Limit 

Units 

Integral  Nonlinearity 

INL 

±1: 

LSBmax 

Differential  Nonlinearity 

DNL 

±1 

LSB  max 

Min  Scale  Oflset 

VzsE 

±1 

LSBmax 

Full-Scale  Offset 

Vhse 

±1 

L^  wsg. 

Logic  Input  High  Voltage 

ViNH 

2.4 

Voun 

Logic  Input  Low  Voltage 

VlNL 

0.8 

V  max 

LSgic  Input  Current 

IjN 

1 

fjiA  max 

Logi(^  Output  High  Voltage 

VoH 

Iqh  —  +0.4  mA 

2.4 

V  min 

Logic  Output  Low  Voltage 

Vol 

loL  =  -1.6  mA 

0.4 

V  max 

Posi4ve  Supply  Current 

Idd 

Vrefh=  +2-5V 

12 

mA  max 

Negative' Supply  Cturent 

Iss 

-10 

mA  min 

NOTE 

Electrical  tests  are  performed  at  wafer  piobe  to  the  limits  shown.  Due  to  variations  in  assembly  methods 
and  normal  yield  loss,  yield  after  packaging  is  not  guaranteed  for  standard  product  dice.  Con»ilt  €u:tory 
to  negotiate  specifications  based  on  dice  lot  qni^ffication  through  sample  lot  assembly  and  testiiig. 


ABSOLUTE  MAXIMUM  RATINGS  -  — - 

(T^  -  +25X  unless  otherwise  noted) 

Vss  to  Vdd  -0.3  V,  +33.0  V 

Vss  to  Vlogic  -0.3  V,  +33.0  V 

Vlogic  to  DGND   .  -0.3  V,  +18.0  V 

Vss  to  Vrefl  -0.3  V,  +Vss-2.0  V 

Vrefh  to  Vdd  +2.0  V,  +33.0  V 

Vrefh  to  Vrefl   +2.0  V,  Vss-Vdd 

Current  into  Any  Pin*  ±15  mA 

Digital  Input  Voltage  to  DGND  .  ;  .  .  -0.3  V,  Vlogic  +0.3  V 

Digital  Output  Voltage  to  DGND  '  -0.3  V,  +7.0  V 

Operating  Temperature  Range 

ET,  FT,  EP,  FP,  FPC,  FTC  .  -4{>°C  to  +85''C 

AT,  BT,  ETC   -55°C  to  +125°C 

Dice  Junction  Temperature   +150°C 

Storage  Temperature  I  -65°C  to  +150°C 

Power  Dissipation  Package  ,  .  .  1000  mW 

Lead  Temperature  (Soldering,  60  sec)   . .  .  +300°C 

Thermal  Resistance 


20  R/W 

19  DB11  (MSB)-' 


11   12  13   14  15   16  17  18 

DBS   0B4     DBS  DBS     Wl  DBS      D8>  DBId     ' '   :■  -HT/. 


Package  Type 

9m' 

Units 

28-Pin  Hermetic  DIP  (T) 

50 

7 

"C/W 

28-Pin  Plastic  DIP  (P) 

48 

22 

"CW 

28-Lead  Hermetic  Leadless  Chip  Carrier  (TC) 

70 

28 

°C/W 

28-Lead  Plastic  Leaded  Chip  Carrier  (PC) 

63 

25 

°C/W 

DIE  SIZE  0.2S  X  0.16S  INCH,  37.12S  Sa  MIIS 
I5.71S  V  4.191  mm,  23.9S  sq.  mml 


HE  SUBETIUTE  IS  eONNECIBI  TO  Vb„ 


NOTE 

^dj^is  specified  for  worst  case  mounting  conditions,  i.e.,  6ja  is  specified  for 
device  i^  socket. 


CAUTION  

1 .  Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause  permanent  damage  to 
the  device.  This  is  a  stress  rating  only  and  fimctional  operation  at  or  above  this  specification  is  not 
implied.  Exposure  to  the  above  maximum  rating  conditions  for  extended  periods  may  affect 
device  reliability. 

2.  Digital  inputs  and  outputs  are  protected,  however,  permanent  damage  may  occur  on  unprotected 
units  from  high-energy  electrostatic  fields.  Keep  units  in  conductive  foam' Ot^dtaging  at  all 
times  until  ready  to  use.  Use  proper  antistatic  handling  procedures.  ' 

3.  Remove  power  before  inserting  or  ieradnag-adiei  fi»m  their  sodostik 

4.  Analog  outputs  are  protected  from  short  dnaut  to  ground  or  either  supply. 
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ORDERING  INFORMATION* 


Extended 

MilitaiTt 

Industrialt 

INL 

Tempeiatme 

Temperature 

(LSB) 

-55"C  to  +125°C 

-40°C  to  +85°C 

Package 

±1 

DAC8412FPC 

PLCC 

±1 

LCC  -  .. 

±1.5 

DAC8412BTC/883 

LCC 

±0.5 

DAC8412ET 

Cerdip 

±0.75 

DAC8412AT/883 

Cerdip 

±1 

DAC8412FT 

Cerdip 

±1.5 

DAC8412BT/883 

Cerdip 

±0.5 

DAC8412EP 

Plastic 

±1 

DAC8412FP 

Plastic 

±1 

DAC8412GBC 

Dice 

*1 

DAC8413FPC 

PLCC 

DAC8413FTC 

LCC 

±i.5 

DAC8413BTC/883 

LCC 

±0.5 

DAC8413ET 

Cerdip 

±0.75 

DAC8413AT/883 

Cerdip 

±1 

DAC8413FT 

Cerdip 

±1.5 

DAC8413BT/883 

Cerdip 

±0.5 

DAC8413EP 

Plastic 

±1 

DAC8413FP 

Plastic 

±1 

DAC8413GBC 

Dice 

*Buni-in  is  available  on  extended  industrial  temperature  range  parts  in  cerdip 
md  LGC  pK^Eagn.  For  n^i^ring  inforngiaii,  aee  <faitti)Mki         g^,  r  r\ 


mation,  contact  your  local  sales  office. 


DATA 
OUT 


'rcs— 


PIN  CONFIGURATIONS 
DIP  Pinout 


^  V.OUTB  Ci 
<      »0UTA  H 

Vss  E 
DGND  [T 
RESET  [T 
LDAC  [T 
OBO(LSB)  [T 
DB1  [T 
0B2  Qo 
DB3  QT 
DB4  [l? 
DBS  [l3 
~  DB6  f» 


DAC-8412 
OAC-8413 

TOP  VIEW 
(Not  to  Seals) 


HIvdd 
m]  Vlooic 

23]  CS 

2?]  At 

lo]  R/W 

19]  DB11  (H^B) 

=^      ;  ! 

18  I  DB10 

Te]  DBS 
-ii]  DB7 


l«>, 


 I 


— <  .V 


PLCC  Pinout 


DGND  [T 

RESET  |T 

LDAC  [T 

DBG  (LSB)  ^ 

DB1  ^ 

ItA  |lO 

DBS  Ql 


DAC-8412PC 
0AC-8413PC 
TOP  VIEW 
(NottoScato) 


i]vDi 


iT]  Ai 
r/w 


Hbijbijhsjyyy 


twos 


Us 


tL8 

Cniw 


3c 


i5r 


twH 


r 


Daa  liVR/TE  ^fnpcit  amf  Output  Registers)  Timing 


LCC  Pinout 


r  LiJLiJLiJ 

DGND 

3 

1 

E 

Vdd 

RESET 

U 

E 

VloGC 

LDAC 

E 

DAC-8412TC 

E 

cs 

DBO  (LSB) 

I] 

DAC-B413TC 

E 

AO 

OBI 

I] 

TOP  VIEW 
(NottoScate) 

E 

AI 

□62 

IE 

R/W 

DBS 

3 

E 

DBtl  (II 
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DIGITAL-TO-ANALOG  CONVERTERS  2-1087 


DAC-8412/DAC-8413 


Vss  > 


Voo  =«isv;v^  =.t5V,v„BM  ■^fW-Vim.  ■-i<"' 
Ri  =  10Q,  n2  =  100Q,  (o  -  Ska,  R4  =  lOKi,  Rs = lona, 

m  >  47Q  tor  LCC,  R6  =  lOOQ  lOr  DIP 

CI  =  4.7  |iF  (ONCE  PER  PORT),  C2>IU>1|iF  (EACH  DEVICQ 
01  =  imoOl  OR  EQUIVALENT  (ONCE  PER  POUT) 

DAC-B412/DAC-8413  Burn-In  Diagram 


OPERATION  ^  - 

lntradnctioii 

The  DAC-8412  and  DAC-8413  are  quad,  voltage  ouqnit,  12-bit 
DACs  featuiing  a  12-bit  data  bus  with  readback  capability.  The 
only  differences  between  the  DAC-8412  and  DAC-S413  are  the 
reset  functions.  The  DAC-8412  j:^ts  to  midscale  (code  800^) 
and  the  DAC-8413  resets  to  minimum  scale  (code  OOOh). 

The  ability  to  operate  fiom  a  single  +S  volt  only  supply  is  a 
unique  feature  <tf  these  DACi. 


Operation  of  the  DAC-8412  and  DAC-8413  can  be  viewed  by 
dividing  the  system  into  three  s^uatr-fimctional  group*:  the  - 
digital  I/O  and  logic,  the  dit^tal'to  amdog  converters  and  the 
output  amplifiers. 

DACs 

Each  DAC  is  a  voltage  svritched,  high  impedance  (R  SO  kO), 

R-2R  ladder  coBfi|ii>rati6n.  Each  2R  resistor  is  driven  a  pair 

of  svntclies  that--ccaB^^%t'TCsi^ni!ff^^^^^^|^^g|^  '^kb^.- 

Refemce  Iqiats 

All  four  DACs  share  common  reference  high  (V^efh)  ^xkI 
refoeace  low  (Vrepi)^^)^.  The  voltages  qpplied  to  these  ref- 
erence inputs  set  the  output  high  and  loW  voll^  limits  of  all 
fout  of  the  DACs.  Each  reference  input  has  voltage  re^rictions 
with  respect  to  the  other  reference  and  to  the  power  sut>plies; 
The  ViiEFi,  can  be  set  at  any  voltage  between  Vss 
Vrbfh  ~  2.S  volts,  and  Vkeph  can  be  set  to  any  value  between 
+Vi,i,  -  2.5  volts  and  Vrefl  +  2.5  volts.  Note  that  because  of 
these  restrictions  the  DAC-8412  references  cannot  be  inverted 
(i.e.,  Vrefl  cannot  be  greater  than  Vrbph)- 
It  is  important  to  note  that  the  DAC-8412's  V^efh  input  both 
sinks  and  sources  current.  Also  the  input  current  of  both 
Vrefh  ^d  Vkbpl  are  code  dependent.  Many  references  have 
limited  current  sinking  capability  and  must  be  buffered  widt  , 
an  amplifier  to  drive  Vkeph.  The  V^p^  has  no  such  special 
requirements. 

Bt'is  recommended  that  the  reference  inputs  be  bypassed  with 
0.2      fjSP^C^  j^^^^fO/^ODi  with  ±10  volt  references. 

Digital  I/O 

See  Table  I  for  digital  control  logic  truth  table.  Digital  I/O  con- 
sists of  a  12-bit  wide  bidirectional  data  bus,  two  register  select 
inputs,  AO  and  Al,  a  R/W  input,  a  RESET  input,  a  Chip  Select 
(CS),  and  a  Load  DAC  (LDAC)  mput.  Control  of  the  DACs 
and  bus  direction  is  determined  by  these  inputs  as  sliovm  in 
Table  I.  Digital  data  ^ts,«te  bbded  with  the        defined  as 
data  bit  "U"  and  die       as  data  bit  "0."  Affdigindipiim  are 
TTLACMOS-canmatibie. 


Al 

AO 

R/W 

CS 

RS 

LDAC 

INPUT  REG 

OUTPUT  REG 

MODE 

DAC 

L 

L 

L 

L 

H 

L 

WRITE 

WRITE 

WRITE 

A 

L 

H 

L 

L 

H 

L 

WRITE 

WRITE 

WRITE 

B 

H 

L 

L 

L 

H 

L 

WRITE 

WRITE 

WRITE 

C 

H 

H 

L 

L 

H 

L 

WRITE 

WRITE 

WRITE 

D 

L 

L 

L 

L 

H 

H 

WRITE 

HOLD 

WRITE  INPUT 

A 

L 

H 

L 

L 

H 

H 

WRITE 

HOLD 

WRITE  INPUT 

B 

H 

L 

L 

L 

H 

H 

WRITE 

HOLD 

TOUTE  INPUT 

C 

H 

H 

L 

L 

H 

H 

WRITE 

HOLD 

WRITE  INPUT 

D 

L 

L 

H 

L 

H 

H 

READ 

HOLD 

READ  INPUT 

A 

L 

H 

H 

L 

H 

H 

READ 

HOLD 

READ  INPUT 

B 

H 

L 

H 

L 

H 

H 

READ 

HOLD 

READ  INPUT 

C 

H 

H 

H 

L 

H 

H 

READ 

HOLD 

READ  INPUT 

.  D 

X 

X 

X 

H 

H 

L 

HOLD 

Update  all  output  registers  _ 

m. 

X 

X 

X 

H 

H 

H 

HOLD 

HOLD 

HOLD 

All 

X 

X 

X 

X 

L 

X 

*A11  registers  reset  to  mid/zero-scale 

All 

X 

X 

X 

H 

i" 

X 

*A11  registers  latched  to  mid/zcro-scale   

AU 

;   '   T-fi-i:. 

*DAC-8W  ICKB  to  midacale,.aiid  DAC-Mt3  laea  U  zoo  lale.  L  =  Logic  Low;  H  =  Logic  agh:  X  -  Doift  Cue. 
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DAC-i3412iDAC-8413 


Careful  attention  to  grounding  is  important  to  accurate  operation 
of  the  DAC-8412.  This  is  not  because  the  DAC-8412  is  more 
sensitive  than  other  12-bit  DACs,  but  because  with  four  outputs 
and  two  references  there  is  greater  potential  for  ground  loops. 
Since  the  DAC-8412  has  no  analog  ground,  the  ground  must  be 
specified  with  respect  to  the  lefeKKoe. 

•.,r       .  .-  -  "■•.T>  I  ■'' 

Reference  Configurations 

Output  voltage  ranges  can  be  configured  as  either  unipolar  or 
bipolar,  and  within  these  choices  a  wide  variety  of  options  ex- 
ists. The  unipolar  configuration  can  be  either  positive  or  nega- 
tive voluge  output,  and  the  bipolar  configuration  can  be  either 
symmetrical  or  aMwymmetttel.*  ^o*  »»»  ste^  •  ■ 


llOtili-;'. 


!D  irll  .Jtj'i'r;  S  Kjt        'lov  • 


■i> 


Figure  1.  I/O  Logic  Diagram 


See  Figure  1  for  a  simplified  I/O  logic  diagram.  The  register 
select  inputs  AO  and  Al  select  individual  DAG  registers  "A" 
(binary  code  00)  through  "D"  (binary  code  11).  Decoding  of  the 
registers  is  enabled  by  the  CS  input.  When  CS  is  high  no  decod- 
ing takes  place,  and  neither  the  writing  nor  the  reading  of  the 
input  registers  is  enabled.  The  loading  of  the  second  bank  of 
registers  is  controlled  by  the  LDAC  input.  By  taking  LDAC 
low  while  CS  is  high,  all  output  registers  can  be  updated  simul- 
taneously. Note  that  the  t^wD  required  pulse  width  for  updat- 
ing all  DACs  is  a  minimum  of  170  ns. 

The  R/W  input,  when  enabled  by  CS,  controls  the  writing  to 
and  leading  from  the  input  register. 

Coding  b">-  'J  •■      -  ^ 

Both  the  DAC-8412  and  DAC-8413  «ae  Innai;  coding.  Ite  ent 
glK  voltage  can  be  calculated  by: 

{Vrefh  -  Vkefl)  *  N 


40% 


«15V 


DAC-8412 
on 

DAC-8413 


Vom  =  Vrefl  + 
where  A/^  is  the  digital  code  in  decimal. 
RESET 

The  RESET  function  can  be  used  either  at  power-up  or  at  any 
time  during  the  DACs  operation.  The  RESET  function  is  inde- 
pendent of  CS.  This  pin  is  active  I,OW  and  sets  the  DAC  out- 
put registers  to  either  center  code  for  the  DAC-8412,  or  zero 
code  fer  the  DAC-8413.  The  reset  to  center  code  is  most  useful 
when  the  DAC  is  configured  for  bipolar  references  ^d  Mr^ut- 
piit  of  zero  volts  after  reset  is  desired. 

Si^plies 

Si^plies  required  are  Vsg,  Vdd  and  Vlqgic-  The  Vss  supply 
call  be  set  between  -15  volts  and  0  volts.        is  the  positive 
supply;  its  operating  range  is  between  -1-5  and  4-15  volts. 
Vlogic  is  the  digital  output  reference  voltage  for  the  readback 
function.  It  is  normally  connected  to  +S  volts.  This  pin  is  a 
logic  reference  input  only.  It  does  not  supply  current  to  the  de- 
vice. If  you  are  not  using  the  readback  function,  Vi^oaic 
hard-wired  to  V While  Vlogic  does  not  supply  current  to  the 
DAC-8412,  it  does  supply  currents  to  the  digital  outputs  when 
readback  is  used. 

Amplifiers 

Unlike  many  voltage  output  DACs,  the  DAC-8412  features  buff- 
ered voltage  outputs.  Each  output  is  capable  of  both  sourcing 
and  sinking  5  mA  at  ilO  volts,  eliminating  the  need  for  exter- 
nal amplifiers  in  most  applications.  These  amplifiers  are  short 
dncuit  protected. 


>5  OR  >10V  OPERATION 


Rgure  5.  Symmetrical  Bipolar  Operation  > 


Figure  3  (Symmetrical  Bipolar  Operation)  shows  the  DAC-8412 
configured  for  ±  10  volt  operation.  Note:  See  the  AD688  data 
sheet  for  a  full  explanation  of  reference  operation.  Adjustments  may 
not  be  required  for  many  apphcations  since  the  AD688  is  a  very 
high  accuracy  reference.  However  if  additional  adjustments  are 
required,  adjust  the  DAC-8412  full  scale  first.  Begin  by  loading 
the  digital  full-scale  code  (FFFh),  and  then  adjust  the  Gain  Ad- 
just potentiometer  to  attain  a  DAC  output  voltage  of  9.9976 
volts.  Then,  adjust  the  Balance  Adjust  to  set  the  cmter  scale 
output  voltage  to  0.000  volts. 

The  0.2  I.I.F  bypass  capacitors  shown  at  the  r^smoe  i^Ms  in 
Figure  3  should  be  used  whenever  ±10  volt  references  are  used. 
Applications  with  single  references  or  references  to  ±  5  volts 
may  not  require  the  0.2  jiF  bypassing.  The  6.2  O  resistor  in 
«Mi  A$  ontpv  flf  ite  fcfeieiice  ampUfier  is  to  keep  Ae 
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resistor  values  are  acceptable,  provided  that  the  drop  across  the 
resistor  doesn't  exceed  a  Vb^.  Assuming  a  minimum  Vq^  of 
0.6  volts  and  a  maximum  current  of  2.75  mA,  then  the  resistor 
should  be  under  200  CI  for  the  loading  of  a  single  DAC-8412. 

Using  two  separate  references  is  not  recommended.  Having  two 
references  could  cause  different  drifts  with  time  and  tempera- 
ture; whereas  with  a  single  reference,  most  drifts  will  track. 

Unipolar  positive  full-scale  operation  can  usually  be  set  with  a 
reference  with  the  correct  output  voltage.  This  is  preferable  to 
using  a  reference  and  dividing  down  to  the  required  value.  For 
a  10  volt  full-scale  output,  the  circuit  can  be  configured  as 
shown  in  Figure  2.  In  this  cwfigtutttion  tihe  full-scale  value  is 


lOkQ 


GNO 


.01  nF 
'-"-1 

iohF  - 


□AC-8412 
OR 

□AC-8413 


f|p«i  «  SfiMpg^  - 10  V  Operation 


Figure  4  shows  the  DAC-8412  configured  for  -10  volt  to  zero 
volt  operation.  A  REF-08  with  a  —10  volt  output  is  connected 
directly  to.  Vr^pl  for  the  reference  voltage. 
Single  -t-5  Volt  Supply  Operation 

For  operation  with  a  +5  volt  supply,  the  reference  should  be  set 
between  1.0  and  4-2.5  volts  for  optimum  linearity.  Note  that 
lower  reference  voltages  will  have  greater  effects  due  to  noise. 
Figure  5  shows  a  REF-43  used  to  supply  a  +2.5  volt  reference 
voltage.  The  headroom  of  the  reference  and  DAC  are  both  suffi- 
cient to  support  a  -1-5  volt  supply  with  ±5%  tolerance.  V^d  and 

Vlogic  should  be  connected  to  the  same  supply  and  separate 
S-SMpw  •«'■*■'*■''»       -  cm- 


tsvp 


lOiiF 


:  0.01  |jF 


DAC-8412 
OR 

DAC-8413 


Figure  S.  +S  V  Single  Svpfil^  ^mUton 


Typical  Performance  Characteristics 
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15V 

Vss=-15V 
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cc  0 
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io.i 
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1  • 


0  =  + 

5V 

Vss=OV 
 \  1  

jus     tA:  «■ 


INL  vs.  V, 


Full-Scale  Error  vs.  Time 
Accelerated  by  Burn-In 


9  200 

er  jdV  T  If  HOBRS  OF  OPERATION  AT  «tipe 

,  rjvlJ,  ^'H^ro-Scale  Error  vs.  Time 
Accelerated  by  Burn-In 


-1' 


Full^S&i^  Mmm  m  famporature 


■ZmO'S^m^m  vs.  Temperature 


n 


1536  2048  2S«0  3072 
DIGITAL  INPUT  CODE 


Channel-to-Channel  Matching  (Vsupply  =  -15  V) 


DICrrAL  INPUT  CODE 

Channel-to-Channel  Matching  (Vsuffly  =  +S  V) 


amm^'TCMNALoecoNVEHTEns  mm 


DAC-8412/DAC-8413 


DAC-8412/DAC-8413 


Vdd=  tisv 
Vss  =-1SV 
VREFH=0.100niV 
Vrefl  =  -10V 
DATA  BITS  =  *SV 
ZOOmVp^ 


100  Ik  10k  100k 
FHEQUENCY-m 


Small  Signal  Response 


i  -6 


=  »15V 
=  -15V 
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«PSRR: 
Vdd=  ilSV.IVp 
Vss  = -15V 
-PSRR: 
Voo=  'isv 
Vss  =  -ISVtlVp 
V„EP„=10V 
ALL  DATA  0 
I  I'll   I   '  I  II 


TEMPERATURE  - 


Power  Supply  Current  vs. 


100        Ik        10k  look 
FREQUENCY  -  Hz 

PSRR  vs.  Frequency 
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Voo=.15V 
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FEATURES 

•  No  Adjustments  Required,  Total  Error  ±  1LSB  Max 
Over  Temperature 

•  Four  Voltage-Output  DACs  on  a  Single  Chip 

•  InternaHOV  bandgap  Reference 

•  Operates  from  Single  +1 5V  Supply 

•  Fast  50ns  Data  Load  Time,  Ali  Temperatures 

•  PIn-for-Pin  Replacement  for  PM-7226  and  AD7226, 


APPLlCATIdMS 

•  Process  Controls 

•  Multi-Channel  Microprocessor  Controlled: 
•f^-  --System Calibration   (^i 

-  Op  Amp  Offset  and  Gttlh  Adjust 

-  Level  and  Threshold  Setting 


The  DAC-8426  is  acomplete  quad  voltage  output  D/A  conver<^r 
with  internal  reference.  This  product  fits  dlfectiy  into  ^ny  ^ist- 
aifje  7226  soci^et  where  tifie  user  currently  has  a  10V  external 
RFBferencie.  The  external  reference!  is  nO"  longer  necessary  .'The 
internal  reference  of  the  DAC*|^^W^r-1rtmmed  to  ±0.4% 
ottering  a  ZSppmrCtemperaJS^'^TOSie'rt^^^^  exter- 

3.C^g^li^j,^,U,,v   ii»«>iiss»»w)8  > 


The  DAC-8426  contains  four  8-bit  voltage-output  CMOS  D/A 
converters  on  a  single  chip.  A  10V  output  bandgap  reference 
sets  the  output  full-scale  voltage.  The  circuit  also  fnciud.es  four 
input  latches  and  interface  control  logic. 

One  of  thefour  latches,  selected  by  the  address  Inputs,  is  loaded  | 
from  the  8-bit  data  bus  input  when  the  write  strobe  Is  active  low. 
Ali  digital  inputs  are  TTUCMOS  (5V)  compatible.  The  on-board ' 
amplifiers  can  drive  up  to  10mA  from  either  a  single  or  dual 
:  supply.  The  on-board  reference  that  Is  always  connected  to  the 
j  internal  DACs  has  5mA  available  to  drive  external  devices.  ' 


ORDERING  INFORMATIONt 

TOTAL  , 
UNADJUSTED 
ERROR 
(LSB) 


MIL  TEMP 

T^5''Cto+12S°C 


X1NDTEMP  ' 
-40°C  to  +8S°C 


±1 
±1 
±2 
±2 
~±2 


<S-  ■;  DAC8426AH 


DAC8426BR 


DAC8426ER 
DAC8426EP  | 

DAC842W 


For  devices  processed  In  total  compliance  to  MIL-STD'ea^  i>ilM3  dlH* 
part  numt)er.  Consult  factory  for  883  data  sheet. 

Burn-in  is  available  on  commercial  and  industrial  tempe«tu(Bi'<c^|t  patttfin 
CerDIP,  plastic  DIP.  and  TO-can  pacltagss. 
For  availability  and  burn-In  Iniomiatlon  on  SO  and  PLOC  p 
your  local  sales  office. 


SIMPLIFIED  SCHEMATIC 


MSBO- 
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VrefOUT+IOV 
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Vdd 
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REFERENCg 
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Vss  -  AQK 


5 

AQND 


□ 


DQIliD 


-ovoin* 


-OVoutB 


^VoutO 


-OVoutO 


REV.C 


DIGITAL-TO-ANALOG  CONVERTERS  2- 1095 


DAC-8426 


GENERAL  DESCRIPTION  Continued 

Its  compact  size,  low  power,  and  economical  cost-per-channel, 
make  the  DAC-8426  attractive  for  applications  requiring  mul- 
tiple D/A  converters  without  sacrificing  circuit-board  space. 
System  reliability  is  also  increased  due  to  reduced  parts  count. 

PMI's  advanced  oxide-based,  silicon-gate,  CMOS  process  al- 
lows the  DAC-8426's  analog  and  digital  circuitry  to  be  manufac- 
tured on  the  same  chip.  This,  coupled  with  PMI's  highly  stable 
thin-film  R-2R  resistor  ladder,  aids  in  matching  and  temperature 
tracking  between  DACs. 

PIN  CONNECTIONS 


VourAtl 
VssEI 

VrefOUTE 

agndU 

DGNDU 
(MSB)  DB,  [7 
dBjII 

3VoutO        20-pin  CERDIP 
■  (R-Suffix) 

iilA,           20-PIN  EPOXY  DIP 
iUwR  (P-Suffix) 

20-PIMSOL  ■ 

BB^m 

r  30AC 

■^v-  <nuMmqiiMI  tc 


■I. 'WD  Irrta  /llfciwif  e.  ■■• 


ABSOLUTE  MAXIMUM  RATINGS 

to  AGND  or  DGND  „  -0.3V,  +1 7V 

to  AGND  or  DGND  -7V.  V™ 

VootoV33   ^.._...-0.3V.+2if 

AGND^  DGND....  ...«....^..,..«...v.  -0.3V,  +5V 

Digital  Input  Voltage  to  DGND  -0.3V,  V,,;, 

VpgpOUTto  AGND  (Note  1)  -0.3V, 

Vou^  to  AGND  (Note  1)  V^g,  V^^ 

Operating  Temperature 

Military  AR/BR  -55'C  to  +125"'C 

Extended  Industrial  ER/EP/FR/FP/FS  -40°C  to  +85"'C 

Maximum  Junction  Temperature  .,  -i-550°C 

Storage  Temperature  ,  ,  .-65°C  to  +150°C 

Lead  Temperature  (Soldering,  .60|«9c)  ,...„.i.. — y,^„,.i300'C 
THERMAL  RESISTANCE 

PACKAGE  TYPE  B^lfkHaZ)  „  .UNITS 

20-Pin  C«rDIP(R)  70        _        7  .  •C/\tl 

20-Pln  Plastic  DIB {P)  I  •  ,  .  61  .af  "C/W 

20-Pin  SOL  (S)  80  22  'C/W 

NOTES: 

1 .  Outputs  may  be  shorted  to  any  terminal  provided  the  package  power  dissipa- 
tion is  not  exceeded.  Typical  output  short-circuit  current  to  AGND  is  50mA. 

2.  S.^  is  specified  for  worst  case  mounting  conditions,  i.e.,  e^^  Is  specified  for 
device  in  socket  for  CerDIP  and  "-"'EjHTliaiStVjli-^r'T^  ^  ^''li^ 
soldered  to  printed  dreultboafd  br  aB^UmSi^^^^  :B.ti3i<.3'. 

i.  Do  not  apply  vbNa^  fiijili^  li^'^^ja|3£^^An  V„  pcten^  oil  any 

terminal. 

'  2.  The  digital  control  inputs  are  zener-protected;  however,  peritianent'daiTAIge 
may  occur  on  unprotected  units  from  high-energy  electrostatie  fiettfa.  KeQP 
V    units  in  conductive  fqatn  at  all  times  until  ready  to  use. 
"^3.  Do  {lot  Insert  thls  device  in^  powered  sockets.  Remove  power  before  Inssr- 
ttendf  reiitovat. 

4.  Simsses  above  those  llstsd  under -AbsoluM  M^SCi^llatlna^inty  CO 
pennanent  damage  to  device. 


BURN-IN  CIRCUIT 


+15V 
0  D, 


-svo- 


'  Ti^  10Q  T 
*  <w-*- 


0.01 


VoutA 


Vrei^UT 

AGND 

DGND 

DBsKMSB) 

DBe 

DB4 


VoutC 

Vdd 

Ao 
Al 
WR 
DBo(LSB) 
DBi 
DB2 
OB3 


* — /w  

iooi<n 
I — 5w— . 


lookn 


Ska 

-f  W — h 

1  i«s5U 
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ELECTRICAL  CHARACTERISTICS:  y^o  =  ^''^^  '^^^^  =  ^^^"^  =  ^ss  =  """a  =  -55°C  to  +125°C  applies  for 
DAC-8426AR/BR.  T^--4(yC  to +8S»C  applies  for  DAC-8426ER/EP/FR/FP/FS,  unless  otherwise  noted. 


DAC-8426 

PARAMETER  ^Al.- 

^  WfllBOb  M)M 

emiomoNs 

IVP* 

STAHC  PBIFIMiUUKSC 

Resolution  _ 

N 

- 

p  Bits 

Toial  UnadjusMlifeBK:  

(Note  1) 

HIE.  - 

Induites  Belersnca  -  - 

A.E  — 

/■ 

OS*  0^.'. 

\i  .,.V 

B,F                           —  ■• 

  LSB 

'      nw.  ^ 

-     -  - 

A,E  — 

- 

±1/2 

LSB 

B.F  — 

±1 

Differential  Non8nmi% 

LSB ' 

(Note  2) 

DNL 

Full-Seale  Temperature 

TCGp3 

Includes  Reference 

.   :     r.Ol  — 

25 

- 

' "  ppm/°C 

Zd4D  Scele  Errof 

V 

'ZSE 

20 

mV 

Zero  Scale  Error 

Dual  Supply 

10 

liV/'C 

Temperature  Coefficient 

Vss--5V  - 

- 

REFERENCE  OUTPUT 

a  

-■'1 

A.F  ttfB. 

.  10.04 

in-i'ti:  -J' 

-  nv 

B.F  g« 

- 

1O.0»' 

— -r 



ppm/°C 

TemperafuriTCSifliaSir' 

— ' — re^gsoT — 

■  ■  -_ 

20  

SI'  . 

Load  Regulation 

LDreg 

&t^  =  5mA 

j0j02 

0.1 

line  Regulation 

AVpo  ±10%   

-  Oioeo  — 

-  -0.-04 

Output  Noise 
(Notsa> 

/.O.I  lo1#fe 

-     -  .'itr     -   'C  - 
3 

10 

►•-Jx.*-  — ^ 

Output  Current 

S  - 

7v 

V  * 

 A 

DIGITAL  INPU1S 

  V*^  '  '"' 

Logic  Input  IT 

*!«. 

OA 

y 

Logic  Input  *1* 

2.4 

« 

Input  Cinsnt 

i» 

V„-OVo,V„ 

0.1 

10 

Input  Capacitance 
(Note  3) 

Si 

4 

8 

# 

POUVER  SUPPLIES 

Positive  Supply  Current 
(Note  4) 

'do 

6 

14 

mA 

Negative  Supply  Current 
(Note  4) 

<ss 

Dual  Supply 

4 

10 

mA 

Power  Dissipation 
(Notes) 

''nss 

90 

210 

mW 

Power  Supply  Sensltivlqr 

AVoB  =  lS% 

0.0002 

0.01 
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PARAMETER 

SVMBOL  CONDITIONS 

MIN 

TYP' 

MAX 

UNITS 

DAcouTPirr 

Output  Current  (Source) 

'  lou^ouHCE      _  DloHalln-AIIOnes 

A 

10 

rnA 

(Notes) 

Output  Current  (Sink) 
-  (Nol»3)  - 

lo„^MK              Digital  In.  All ZSfMs  Vgg.-SV 

350 

450 

Minimum  Load  Resistartce 

R^^^l                Dioltal  In  -  All  Ones 

2 

nil 

DYNAMIC  PERFORMANCE  (NOTES) 

y^^j  Slew  Rate 

SR 

4 

V/|is 

Vq^^  Settling  Time 
(Positive  or  Negative) 

-           To ±1/2 188,0^-2(0                vT  .  n":-! 

3 

^8 

Digital  Crosstalk 

Q 

10 

nVs 

SWITCHING  CHARACTERISTICS  (Note  3) 

Address  To  Write 

-  SetiipTlme     -  - 

!*s                                               .   .  _ 

 0 

ns 

Address  To  Write 

-      _    .                   _  -   

-  -0- 

■  -.3?- 

Moid  Time 

—  --!» 

Data  Valid  To  Write 
Setup  Time 

70 

ns 

Data  Valid  To  Write 

■oh  - 

10 

ns 

Hold  Time 

Wi1»  Pulse  Width 

-km         -    -  ^  -  

.  59_^ 

n« 

NOTES: 

1.  IndudesFull-ScaleError,  Relative  Accuracy,  and  Zero  Code  Emir.          '          ~     ^  ^ 

Note±1  LSB  =  ±0.39%  error. 

2.  All  devices  guaranteed  monotonic  over  the  full  operating  temperature  range. 

3.  Guaranteed  and  not  subject  to  production  test. 

*:  Di8ltalinputsV|^.V|^^orV||^j^;  V^^^ and V^OUT unloaded. 

5-  PDI8S<al«»Jl««*''y'DD''VDD-   

6.  Typicals  represent  measured  charaaerislicsatT^- +25%. 
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aofraiRiTOARAHv. 


K;:i!IIH)ll(ll!!ll!jllklli!ll»:!!jllSliailS;!!!IISllill!!::!lll!:):KII!s:SII)!::!lllii:KIIK::illKi:^IIHi;KI 


1  V 

'■  *OUTB 

2  V 
"out  A 

4.  V  OUT 

5.  AGND 

6.  D6ND 

7.  DB,(MSB) 

8.  DB, 

9.  DB, 
10.  DB. 


CM  MS  SSI 


11.  DB, 

12.  db; 

13.  DB! 

14.  DB„(1 

15.  WR 

16.  A, 

17. -  V 

18.  V„„ 


rv- - 

■iff  - 

-f-t 


19.  V, 


OUTD 


M-,Voujc-.r- 


DIE  SIZE  0.129X  0.152  Inch,  1 9,608 aq,jnibi 
(3.28  X  3.86  mm,  12.65  sq.  mm)  - 


WAFER  TEST  LIMITS  at  V^^  = +15V+5% 
apply  for  DACs  A,  B,  C,  and  D. 

;V35  =  AGND  =  DGND  = 

OV;  unless  otherwise  specified. 

=  +25°C.  All  specifications 

PARAMETER'  -  ; 

;  SYIIBOL 

(XMorrioNs 

DAC-8426GBC 
LIMITS 

UNITS 

Total  Ur\a!S\\tmegmil  »^ 

tm 

±2 

-•          (.SB  Max 

Relative  Accursoy 

m. 

.it*)Af.  -fi           j  LSBMax 

Differential  NonHiieai^f 

DNL 

.  n  ±1 

y    Ots    KM  c.^IgflMax 

Full-Scale  Error 

°F8E 

±1 

LSBMax 

Zero  Code  Error 

120 

mVMsx 

DAC  Output  CCMnit 

Digital  Ins  AH  Ones 

10 

Reference  Ou^t 
Voltage 

V^fOUT 

No  Load 

9.96 
10.04 

VMin 
VMax 

Load  Regulation 

Al^'SroA 

0.1 

%rmAM8x 

Line  Regulation 

AV„„  =  ±10V 

0.04 

%/VMax 

Reference  Output 
Current 

l^fOUT 

AVpgpOUr  <  40mV 

5 

mA  Min 

Logic  Inputs  High 

2.4 

VMin 

Logic  Inputs  Low 

V 

INL 

0.8 

V  Max 

Logic  Input  Current 

Vit^-OVorV^^ 

±1 

Max 

Positive  Supply  Current 

'dd 

V   -  V     or  V 
"in   *inl"'  "inh 

14 

mA  Max 

Negative  Supply  Current 

'ss 

V,,,  =  V,«^orV,^.V35  =  -5V 

10 

niA  Max 

NOTE: 

Electric^  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  normal  yield  loss,  yield  after 
standard  product  dice.  Consult  factory  to  negotiate  spedfications  based  on  dice  lot  qualifications  through  «mriple  lot  assembly  and  testing. 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


1.00 
0.7S 
0.SO 

a2s 


CHANNEL-TO-CHANNEL 
MATCHING  (DACs  A,  B,  C, 
D,  SUPERIMPOSED) 


0 

-025 


-0.50 
-0.75 
-1.00 


— I — 1 — r 

Ta-+25»C 

Voo-tisv  - 

VSS--5V 
VREF-+10V  - 


32    64    96    128  160  192  224  256 


RELATIVE  ACCURACY  vs  CODE 
AT  Ta  =  -55°C,  +25°C,  +125°C 
(ALL  SUPERIMPOSED) 


1.00 

m 

3  0.50 

^  -0.25 
2  -O.50 
-0.75 
-1.00 


1  1 

Vdd  =  +15V 
-  VSS--5V 

Vref.+iov 

taw 

32  64  96  128  160  192  224  256 
OiaiinLINPUTCOOE  (DECIMAL) 


4.0 

3.5 

s- 

3.0 

E, 

2.5 

cc 

o 
tc 

2.0 

cc 

UJ 
ILI 

1.5 

a 

8 

1.0 

§ 

0.5 

0 

-0.5 

-1.0 

ZERO  CODE  ERROR 
vs  TEMPERATURE 


 1 

1  1  1  

V0O-+15V 
Vss— SV  ■ 

r\Ara 

■  H 

•DACC 

DAC^ 

-75  -50  -25   0    25   50    75  1M  125  150 
TEMPERATURE  (°C) 


20 
10 

c 

-10 
-20 

-30 


LONG  TERM  DRIFT 
ACCELERATED  BY  BURN-IN 

— I  1  

352  UNITS  TESTED 


READINGS  NORMALIZED  TO  I  .  0 
NOTE:  1LSB-39niV 

X-AVERAGE  ^  ' 

R  -  RANGE  OF  READINGS 
\i  ■     -   '  lJ_ 


100    200   300    400   SCO  eoo 

t HOURS  OF  OPERATION  ATI  S0« 


5 


VouT  NOISE  DENSITY 
vs  FREQUENCY 


BROADBAND  NOISE 

(DC  TO  200kHz) 


TIME  (Ims/DIV) 


ill 


FREQUENCY  (Hz) 


POWER  SUPPLY  CURRENT 
vs  TEMPERATURE 


-75  -so  -2S    0    25  SO   75  in  12S  ISO 


PSRR  vs  FREQUENCY 


IK  10k  100k 
.'«NEQUEIieK(H>).  --.■■^ 


PSRfiW  =  -20LOG(M). 
VD0-+15V±1Vp,  Vss-OV 

/'Vout(0)\ 

PSRR(-)  =  -20  LOG  ). 
VDD-+15V,Vss  =  -4V±1Vp 


-  rH»  .-no^Miti-  Elav 
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TYPICAL  PERFORMANCE  CHARACTERISTICS  Conlinuad 


Vrb:OUTERROBFROM 
ICMfOV  wsTTEMPERATURE 


0  so 

TEMPERAfURE  ' 


output  impedance  > : 
(VrefOut)  vs  frequency 

I  mill  iiiiiiii 


100     Ik   ^mimir>'mm»i^^  - 
3^«S««llilll*lq'  r  eiupR .(( - 


VrefOUT  LOAD  REGULATION 
vs  TEMPERATURE 


1 

-Vdd  =  + 

Vss-o\ 

1 

5V- 

1 

A 

-75  -SO  -25    0     25    50    75   100  1SS 
TEMPERATURE  CC)  ,, 


o 

I 


VrefOUTLINE  REGULATION 
vs  TEMPERATURE 


7 -AVERAGE  Vdd  =  +15V±10% 

R.  RANGE  Vss--5V 
302  UNITS  TESTED 


J 
■  Oil 


-75  -50  -25     0     25     50     75    100  125 
TEMPERATURE  (°C) 


VrefOut  start  up 


(.<!hi«inil»il5!b««tro 
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PARAMETER  DEFINITIONS 

TOTAL  UNADJUSTED  ERROR  (TUB) 
This  specification  includes  the  Full-Sc2iie-Error,  Relative  Accu- 
racy Zero-Code-Error  and  the  Internal  reference  voltage.  The 
ideal  Full-Scale  output  vohage  is  1 0V  minus  1  LSB  which  equals 
9?Sfe1  vdlts.  Eadh  LSB  equals  1dV  x  (1/256)  -  0.039  votts. 

DIGITAL  CROSSTALK 

Digital  crosstalk  is  the  signal  coupled  to  the  output  of  a  DAC  due 
to  a  changing  digital  input  from  adjacent  DACs  being  updated.  It 

is  specified  in  nano-Volt-seconds(nVs). 

Refer  to  the  beginning  of  the  Digital-to-Analog  Converter  sec- 
tion |n  the  PMI  databook  for  additional  p2U'ameter  definitions. 


eiRCUlT  DESCRIPTION 

The  DAC-8426  is  a  complete  quad  8-bit  D/A  converter.  It  con- 
tains an  internal  bandgap  reference,  four  voltage  switched 
R-2R  ladder  DACs,  four  DAC  latches,  four  output  buffer  ampli- 
fiers, and  an  address  decoder.  All  four  DACs  share  the  internal 
ten  volt  reference  and  analog  ground(AGND).  Figure  1  provides 
an  equivi#M^^#(itf  bllileffschematic. 


TABLE  1 :  DAC  Control  Logic  Truth  Table 


VhefO- 

AGNDO- 


'VouT 


FIGURE  1 :  Simplified  circuit  configuration  for  one  DAC. 
(Switches  are  shown  for  all  '1  s*  on  the  digital  inputs.) 
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No  Operation 

L 
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DAC  A  Transparent 

1 

L 

1 

L 

UMVy  M  Latcneu 

L 

L 

H 

DAC  B  Transparent 

J 

—1 

L 

H 

DAC  B  Latched 

L 

H  ; 

L 

DAC  C  Transparent 

I 

H 

L 

iDAGCLatehed 

L 

H 

H  ; 

DAC  D  Transparent  , 

jT 

H 

H  - 

-DAC  D  Latched ' 

L'LowSt 

ate,  H  =  High  State,  X  =1 

OP' 

NOTES: 

1 .  ALL  INPUT  SIGNAL  RISE  AND  FALL  TIMES  ARE  MEASURH3 
FROM  THE  10%  TO  90%  OF  Vdd-  (1,  =  1|  =  20ns  OVER  THE 
VoD  RANGE).  V|N  =  5V 

2.  TIMING  REFERENCE  LEVEL  IS  FROM: 


FIGURE  2:  Write  Cycle  Timing  Diagram 


The  eleven  digital  inputs  are  compatible  with  both  TTL  and  5\/(or 
higher)  CMOS  logic.  Table  1  shows  the  DAC  control  logic  truth 
table  for  WR,  A.,,  and  A^  operation.  When  WR  is  active  low  the 
input  latch  of  the  selected  DAC  is  transparent,  and  the  DAC  s 
output  responds  to  the  data  present  on  the  eight  digital  data 
inputs(DBx).  The  data  (DBx)  is  latched  into  the  addressed 
DACs  latch  on  the  positive  edge  of  the  WR  control  signal.  The 
important  timing  requirements  are  shown  in  the  Write  Cycle 
Timing  Diagram,  Figure  2. 

INTERNAL  TEN  VOLT  REFERENCE 

The  internal  10V  bandgap  reference  of  the  DAC-8426  is 
trimmed  to  the  output  voltage  and  temperature  drift  specifica- 
tions. This  internal  reference  is  connected  to  the  reference  in- 
puts of  the  four  internal  8-bit  D/A  converters.  The  output  termi- 
nal of  the  internal  1 0V  reference  is  available  on  pin  4.  The  1 0V 
output  of  the  reference  is  produced  with  respect  to  the  AGMD 
pin.  This  reference  output  can  be  used  to  supply  as  much  as 
5mA  of  additional  current  to  external  devices.  Care  has  been 


taken  in  the  design  of  the  internal  DAC  switching  to  minimize 
transients  on  the  reference  voltage  terminal(VpgpOUT).  Other 
devices  connected  to  this  reference  terminal  should  have  well 
behaved  input  loading  characteristics.  D/A  converters  such  as 
the  PMI  PM-7226A  have  been  designed  to  minimize  reference 
input  transient  currents  and  can  be  directly  connected  to  the 
DAC-e426 1 0V  reference.  Devices  exhibiting  large  current  tran- 
sients due  to  internal  switching  should  be  buffered  with  an  op 
amp  to  maintain  good  overall  system  noise  performance.  A 
lOnF  reference  output  bypass  capacitor  is  required. 

BUFFER  AMPLIFIER  SECTION 

The  four  internal  unity-gain  voltage  buffers  provide  low  output 
impedance  capable  of  sourcing  5mA  or  sinking  350nA.  Typical 
output  slew  rates  of  +4V/|xs  are  achieved  with  10V  full-scale 
output  changes  and  R|^  =  2ka,  Figure  3  photographs  show  large- 
signal  and  settling  time  response.  Capacitlve  loads  to  3300pF 
maximum,  and  resistive  loads  to  2ka  minimum  can  be  applied. 
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TEST  CONDITIONS,  ALL  PHOTOS:  .  .Bigloi  JlJQtliD  e-tSF  t 
C„g,OUT=10|iF  •,  ^       -  - 


FIGURE  3:  Dynamic  Resptina»  - 


e9r 


The  outputs  can  withstand  an  Indefinite  short-circuit  to  AGND  to 
typically  50mA.  The  output  may  also  be  shorted  to  any  voltage 
between  V^^  and  Vggi  however,  care  must  be  taken  to  not  ex- 
ceed the  device  maximum  power  dissipation. 

The  amplifier's  emitter  follower  output  stage  consists  of  an  in- 
trinsic NPN  bipolar  transistor  with  a  400nA  NMOS  pull-down 
^^rcent-^urce  load  connected  to  Vgg.  This  circuit  configuratbn 
^own,jn  Figure  4  enaUes  the  output  amplifierto  develop  output 
>«ilitagiBSA^ry  6lQ<^  toA@N|^.2j^a^  th.e:n^M^  tbe 

■      T--;   '^'■,1  "  A.'i-r.i  ir  -'II'.'  •  -,•        :  ,1 
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four  output  buffer  amplifiers  are  connected  to  Vgg.  Operating  the 
DAC-8426  from  dual  supplies  (Vpp  =  +15V  and  Vgg  =  -5V)  im- 
proves negative  going  output  settling  time  near  zero  volts. 

When  operating  single  supply  (V^j  =  +15V  and  Vgg  =  OV)  the 
output  sink  current  decreases  as  the  output  approaches  zero 
voltage.  Within  200mV  of  AGND  (single-supply  operation)  the 
internal  sinking  capability  appears  resistive  at  a  value  of  ap- 
proximately 1200a.  The  buffer  amplifier  output  current  and  volt- 
•.Sgg^bat^lPlilltis^  are  plotted  in  Figure  5. 
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UNIPOLAR  OUTPUT  OPERATION 

The  output  voltage  appearing  at  any  output  V^^^  is  equal  to  the 
internal  10V  reference  multiplied  by  the  decimal  value  of  the 
latched  digital  Input  divided  by  2^  (x256).  In  equation  form: 

VQy^(D)  =  D/256X10V 

where  D  -  O^p  to  255,^ 


INPUTO  1^ 

Vss 

^^OUTPUT 
5|4S0|lA 

FIGURE  4:  Amplifier Ouput  Stage 


Note  that  the  maximum  possible  output  is  1  LSB  less  than  the 
internal  1 0V  reference,  that  is,  255/256  x  1 0V  =  9.961  V.  Table  2 
lists  output  voltages  for  a  given  digital  input.  The  total  unad- 
justed error  (TUE)  specification  of  the  product  grade  used  deter- 
mines the  output  tolerances  of  the  values  listed  in  Table  2.  For 
example,  a  ±2  LSB  grade  DAC-8426FP  loaded  with  decimal 
128, (J  (half -scale)  would  have  a  guaranteed  output  voltage  oc- 
curring in  the  range  of  5V  ±2  LSB,  which  is  5V  ±(2  x  10V/256) 
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400 


— I — I — n 

Ta»+25X 
Vdo-  +15V. 


-VSS--5V- 


-r 

-fVss=OV 


01     23456789  10 
VouT  (VOLTS) 


lowing  range:   ■    

4.922V  <Vo^jT.(128,o)<  5.078V        •e'«OH'-  -  ■ 

For  the  top  grade  DAC-8426EP  ±1  LSB  total  unadjusted  error 
(TUE),  the  guaranteed  range  is  4.961  V<  VQyj(128,„)  <  5.039V. 
These  tolerances  provide  the  worst  <^ia  analysis  including 
temperature  changes. 

One  additional  characteristic  guaranteed  is  a  DNL  of  ±1  LSB  on 
all  grades.  The  DAC-8426  is  therefore  guaranteed  to  be  mono- 
tonic.  In  the  situation  where  a  continuously  positive  1  LSB  digital 
increment  is  applied,  the  output  voltage  will  always  increase  in 
value,  never  decrease.  This  is  very  important  is  servo  applica- 
tions and  other  cbsed-loop  feedback  systems.  Finally,  in  the 
typical  characteristic  curves,  Idng  tam  aiilpat  voltage  drift  (sta- 
bility) is  provided. 

BIPOLAR  OUTPUT  OPERATION 

An  external  op  amp  plus  two  resistors  can  easily  convert  any 
DAC  output  to  bipolar  output  voltage  swings.  Figure  6  shows  all 
four  DACs  output  operating  in  bipolar  mode.  This  is  the  general 
expression  describing  the  bipolar  output  transfer  equation: 

Vq 

where  D  = 
IfR, 

Vout(D)-(D/128-1)x10V 

Table  3  lists  various  output  voltages  with  R^  versus  digital 
Input  code.  This  coding  is  considered  offset  binary.  Note  that  the 
LSB'^ep'^ize'^s  HoW^'V/256  -  0.078V,  tw^  aslai^e  as  the 
unipolar  output  case  previously  discussed.  In  order  to  minimize 
gain  and  offset  errors,  choose  R.,  and  Rj  to  match  iuid  track 
within  0.1%  over  the  selected  operating  temperature  range  qf 
interest.  ' 


TABLE  2:  Unipolar  Output  Voltage  as  a  Function  of  Digital  Input 
Code.  

DIQITAkMPUT  ANALOG  OUTPUT 


'out(D)  =  [(URj/R,)  X  D/256JC  10V]-fyR,  x  10V, 
=  0ioto255,„ 
■  Rj,  then  becomes: 


CODE 

VOLTAGE  (= 

D/256X10V)  ' 

255 

9.961V 

Full-Scale  (FS) 

254 

9.922V 

FS-1  LSB 

129 

5.039V 

128 

5.000V 

Half -Scale 

127 

4.961V 

1 

0.039V 

1  LSB 

0 

O.OOOV 

Zero-Scale 

FIGURE  S:  DAC  OuU>ut  Current  Sink 


OFFSETTING  AGND 

Since  the  OAC  ladder  and  bandgap  reference  are  terminated  at 
AGND,  it  is  possible  to  offset  AGND  positive  with  respect  to 
DGND.  The  10V  output  span  remains  if  a  positive  offset  is  ap- 
plied to  AGND.  The  offset  voltage  source  connected  to  AGND 
must  be  capable  of  sinking  1 4mA.  AGND  cannot  be  taken 


FIGURES:  Bipolar  Operation 

negative  with  respect  to  DGND;  this  would  forward  bias  an  inter- 
nal diode.  Allowance  must  be  made  at  Vpp  to  maintain  3.5V  of 
headroom  above  VpgpOUT.  This  connection  setup  is  useful  in 
single  supply  applications  where  virtual  ground  needs  to  be 
slightly  positive  with  respect  to  ground.  In  this  application  con- 
nect Vgg  to  DGND  to  lake  advantage  of  the  extra  buffer  output 
current  sinking  capability  when  the  DAC  output  is  programmed 
to  all  zeros  code,  see  Figure  7. 

CONNECTION  AND  LAYOUT  GUIDELINES 

Layout  and  design  techniques  used  in  the  interface  between 
digital  and  analog  circuitry  require  special  attention  to  detail. 
The  following  considerations  should  be  evaluated  prior  to  PCB 
layout. 

1 .  Return  signal  paths  through  the  ground  sy^ern  shbuM  be 
carefully  considered.  High-speed  digital  logic  current  pulses 
traveling  on  return  ground  traces  generate  glitches  that  can 
be  radiated  to  the  analog  circuits  if  the  ground  path  layout 
produces  loop  antennas.  Ground  planes  can  minimize  this 
situation.  Separate  digital  and  analog  grounding  areas  to 
minimize  crosstalk.  Ideally  a  single  common-point  ground 
should  be  on  the  same  PCB  board  as  the  DAC-8426.  The 
analog  ground  returns  should  take  advantage  of  the  appro- 
{ywte  piseement  of  power  supply  byp««  qnpaettors. 


TABLE3:  bipolar  uuipui  vonageasarunciionui  L/igu<ii  ii ipui 
Code  

DIGITAL  INPUT  ANALOG  OUTPUT 

CODE  VOLTAG  E  (=  D/256  x  1 0V)  


255 
254 
129 
128 
127 


9.922V 
9.844V 
0.078V 
O.OOOV 
-0.078V 
-9.922V 
-1 0.000 V 
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Zero-Scale 


N€^.Full-Scale 


ct  Isi'ner 


VrefOUT=.10V 


11 


DAC-8426  '''do 


AGND    DGND  Vss 


"1 


>9W 


I  ill,  tlB-ii) 


FIGURE.?:  AGND  Biasing  Scheme  Providing  Offset  Output 
Ra 


2.  For  optimum  performance,  bypass  Vqq  and  Vgg  (if  using 
negative  supply  voltage)  with  0.1)iF  ceramic  disk  capacitors 
to  shunt  high-frequency  spikes.  Also  use  in  parallel  6.8ji  to 
10nF  capacitors  to  provide  a  charge  reservoir  for  lower  fre- 
quency load  change  requirements.  The  reference  output 
(VpgpOUT)  should  be  bypassed  with  a  lOjiF  tantulum  ca- 
pacitor to  optimize  reference  output  stability  during  data  inr 
put  changes.  This  helps  to  minimize  digital  crosstalk,  j  , 

3.  Power  Supply  Sequencing  —  ^^^^alj3lqu);ements!exist 
with  the  DAC-8426.  However,  users  should  be  aware  th^ 
often  the  5V  togic  supply  may  be  powered  up  momentarily 
prior  to  the  +15V  analog  supply.  In  this  situation,  the  DAC- 
8426  ESD  input  protection  diodes  will  forward  bias  if  the 
applied  Input  logic  is  at  logic  T.  No  damage  will  result  to  the 
input  since  the  DAC-8426  Is  designed  to  withstand  momen- 
tary currents  of  up  to  130m  A.  This  situation  wnlj  1^^ 

any  DAC  or  ADC  operating  from  a  separate  ahalog^upply. 

Ai  -ESD  input  protection — Attentkm  has  been  given  in  the  de^ 
sign  iof  the  DM>B4es  XQ  ESD  sensRH^.  Uising  the  human 
body  model  test  technique  (MIL-STD  3015.4)lh'e>DAG^84a6 
generally  will  withstand  1500V  ESD  transients  on  all  pins. 
Handling  and  testing  prior  to  PCB  insertion  generally  expo- 
ses ICs  to  the  toughest  environment  they  will  experience. 
Once  the  IC  is  soldered  in  the  PCB,  it  is  still  important  to  con- 
sider any  traces  that  connect  to  PCB  edge  connectors. 
Thas9traeeiS^ilMi^  protected  witti  apprapiiate  dlpdMI, 


REV.  C 


DIGITAL-TO-ANALOG  CONVERTERS  2- 1 105 
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especially  If  the  boards  will  experiencefield  replacement  or 
adjustment.  Handling  the  exposed  edge  connectors  by  field 
"  maintaince  people  in  a  low  humidity  environment  can  pro- 
.  duceSOkVESD  transients  which  will  be  detrimental  to  almost 
any  integrated  IC  connected  to  the  edge  connector. 

J/IICHQPROCEKi)RIMTEHFACaNO  

The  DAC-S^e  easily  interfsees  to  most  8-  and:16-blt  wide 
databus  syst«ns.  :Serial  and  4-bit  busses  can  al^  be  accom- 
modated with  additional  latches  and  control  circuitry.  Interfac- 
ing canJbei^DBQMtSplished  with'data  bus  transfers  running  with 
50ns  write  pulse  widths.    I'n'  T"' 

Examples  of  various  microprocessor  interface  circuits  are  pro- 
vided in  Rgures  8  through  12.  These  figures  have  omitted  cir- 
cuitry not  essential  to  the  bus  interface.  The  design  process 

-should  include  review  eHtte-DAG-8428  timing  diagram  with  the 

!^P  system timiitgdtopaiii. 
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FIGURE  8:  DAC-8426  to  8085A  Interface  (SimpWigd em^, 
only  lines  of  interest  are  shown.)  .-  ,,. 
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FIGURE  9:  DAC-8426  to  Z-80  Intaifaoo  (Simplified  circuit, 
^ly  lines  of  interest^re  shown.)  . 


FIGURE  1 0:  DAC-8426  to  6809  Ir^r^ceJSimplified  circuit, 
only  lines  of  interest  are.ahomi.) 
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FIGURE  11 :  DAC-8426  to  6502  Interface  (Simplified  circuit, 
only  lines  of  interest  are  shown.) 
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FIGURE  12:  DAC-8426  to  68000  Interface  (Simplified ckm^l 
paly  lipes  of  interest  are  shown.) 
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FEATURES  „.  l  AO 

±1/2  LSB  Total  UnadJMMMlEirar'ii*'  

2^s  Settling  Time 
Serial  Data  Input 

±Full-Scale  Output  Set  by  V„^H  and  V^U 
Unipolar  and  Bipolar  OperattOfi 
TTL  Input  Compatible 
20-Pin  DIP  or  S 
Low  Cost 


APPLICATIONS 

*  Voltage  Set  Point  Control 

*  Digital  Offset  &  Gain  Adjustment 

*  Micr9pieees«|)r4S9ntrolled  Calibration 


GENERAL  DESCRIPTION 

The  DAC-8800  TrimDAC^"  is  designed  to  be  a  general  purpose 
digitally  controlled  voltage  adjustment  device.  The  output 
voltage  range  can  be  independently  set  for  each  set  of  four  D/A 
converters.  In  addition,  both  unipolar  and  bipolar  output  voltage  ■ 
ranges  are  easy  to  establish  by  external  reference  input  high  and  I 
low  terminals.  The  digitally-programmed  output  voltages  are| 
ideal  for  op  amp  trimming,  voltage-controlled 
setting  and  any  general  purpose  trimming  tasks. 

A  three-wire  serial  digital  intej[{nSB  loads  tiw  contsnt»«f  ei^it 
TmemOT)ACregteiBt8wt»wiia^8»»BieBa^ij 


-An  asynchronous  Cleai^.^^^tAputi 
code  output  condition,  very  haifily  for  8y8M>ff'tailiW!>#g#i 
intemai  regulator  providi^^  TTI.  j^ut  eaoiMiPSlilCMIiar 
range- of       supply  witages;  Singie-auiffiljfi^ffl,^^ 
■available  by  connecting-Vgg  to  GND.  ^-i^;. 
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ORDERING  INFORMATION  * 


ADDRESS 
DATA 


Vqut* 

»outB 

VoutC 
v„„,o 


■OUT'S 

VoutH 


12  20 

0  6 


'  PACKAGE 

CERDIP 

PLASTIC 

so 

.  OPERATING 
TEMPERATURE 

20-PIN 

20-PIN 

20-PIN 

RANGE 

DAC8800BR" 
DACeSOOFR 

DAceeooFP 

DAC8800FS" 

-55°CIO+125°C 
-40'C  to  +85"C 

*    For  devices  processed  In  total  compliance  to  MIL-STO-ses,  add  /883  after  part 

number.  Consult  factory  for  S83  data  sheet, 
t    Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

CerDlP  and  plastic  DIP  packages, 
tt  For  availability  and  burn-in  Information  on  SO  package,  contact  your  local  sales 

ofHoe. 


PIN  CONNECTIONS^ 


w>ll 

jaw 

VoutCCE 

Vootbll 

v„„  [7 

IS  Vss 

SDI  [? 

13]  LD 

CLK  [T 

12]  CLR 

5S'[35 

ni  OND 

20-PIN  CERDIP 
(R-Suffix) 

20-PIN  SOL 
(S-Suffix) 

20-PIN  EPOXYDIP 
(P-Suffix) 


V„,,L  =  OV;  or  DUAL  SUPPLY:      =  +12V.  V..  =  -5V.  V„-H  =  +2.5V.  V-.J.  = 

-2.5V;  F  GRADi::  -4t»-i; «  i  r«! 
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DAC-8800 

PARAMETER 

SYMBOL 

CONDITIONS 

#m 

^Hrrs 

STATIC  ACCURACY       All  specifications  apply  for  DACs  A,  B,  C,  0,  E,  F,  G,  H 

Resolution 

N 

a 

P 

Bits 

Total  UnaOjutted  Error 
(rtote  2) 

TUE 

- 

[}|fferentlar  Nbnnnearlty 
(Note  3) 

DNL 

SniiH  y.i'l  JOE  .  "  ~ . 

,    -j  ..^  . 

...  .LSB. 

Full  Scale  Error 

- 

±1/2 

LSB 

Zero  Code  Error 

VzsE 

- 

*1/2 

LSB 

DAC  Output  Resistance 

8 

12 

16 

kQ 

DAC  Output  Resistance  Match 

*"0UT'"^0UT 

0.5 

% 

REFERENCE  INPUT 

Voltage  Range  (Note  5) 

Pins  2  &  19 

V 

Pins  1  &  20 

Vss 

V 

hef" 

Input  Resistance 

Digital  Inputs  =  55„  -   

-   2 

3 

Input  Resistance  Match 

AR„EpH/R„gpH 

Digital  Inputs  =  55^ 

O.S 

«' 

Reference  inpul 

Digital  Inputs  All  Zeros 

50 

 T!  

rs 

pP 

Capacitance  (Note  4) 

Digital  Inputs  All  Ones 

100  " 

DIGITAL  INPUTS  ! 

Logic  High 

r — ^  <axox 
 H  M»M4i 

j 

V 

Logic  Low 

V,NL 

0.8  ' 

V 

Input  Current 

'iN 

V,^  =0Vor+5V 

±1 

liA 

Input  Capacitance  (Note  4) 

C,H 

4 

8; 

PF 

Input  Coding 

BINARY 

POWER  SUPPUES  (Note  6) 

Positive  Supply  Current 

'OD 

Dual  Supply  ^^^g 

1 

0.2 

2 
0.4 

mA 

Negative  Supply  Current 

'ss 

Dual  Supply 

0.01 

.  0.2 

mA 

Power  DIeslpatlon 

^DISS 

Single  Supply  Operation 
Dual  Supply  Operation 

12 
12 

24 

25 

mW 

pcPMiwfjMiinue^) 

PSRR 

0.001 

0.01 

%J% 

DYNAMIC  PERFOiHCMI^  (Note  4)  | 

Vpij^j  Settling  Time 

•s 

±1/2  LSB  Error  Ban  j 

0.8 

2 

I*! 

Channel-to-Channel 
CrosstaBt  (Note  7) 

CT  

Measured  Between  Adjacent  DAC  Outputs 

80 

nVs 

mam.  mmm 


2-fm  wmtm^misimmeBmm'ms 
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-55«C  S     S  +125*C.  Continued 


PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

DAC-8800 

TYP 

MAX 

UNITS 

SWITCHING  CHARACTERISTICS  (Notes  4, 8)  ^ 

Input  Clock  Pulse  WicWi 

Clocfc  Lwri||gh  or  Low 

60 

ns 

Data  Setup  Time 

■ds 

30 

ns 

Data  Hold  Time 

"dh      ■  '  ■-  ' 

30 

ns 

DAC  Register  Load  Pulse  VMdIh 

U  ^  [[ 

 ^4.^^.1  -i^  

50 

ns 

Clear  Pulse  Width 

■cLR         i  ' 

SO 

ns- 

Clock  Edge  Is  Load  Time 

SO 

■  nsj 

Load  Edge  loNcnBlKfc 
Edge  Time 

'lock  ' 

SO 

nsi 

NOTES: 

!1.  Testing  performed  in  SINGLE  SUPPLY  mode,  except  Ipp,  Igg.  and  PSRH 
which  are  tested  in  DUAL  SUPPLY  mode. 

2.  Includes  Full  Scale  Error,  Relative  Accuracy,  and  Zero  Code  Error. 

3.  Ail  devices  guaranteed  monotonic  over  the  lull  operating  temperature  range. 

4.  Guaranteed  by  design  and  not  subject  to  production  test. 

5.  Vg  g  -  4  volts  Is  the  maximum  reference  voltage  for  the  above  specifications. 
«"VMFH»V„gpL. 

DrrAILEbDA6«mO  BLOCK  DIAGRAM 


6.  Digital  Input  voltages  V,  .  '^\fn,°'  ^inh  'o'TTL  condition;  V,^  .OV  or  +5V  for 
CMOS  condition.  DAC  outputs  unloaded.  Ppisj  is  calculated  from  (lup  «  V,, 

7.  Measured  at  V^^.^  pin  where  aii  adjacent  V^^.,.  pin  is  making  cihllj^e  volt, 
age  change.  ^Slm 

8.  See  timing  diagram  for  location  of  measured  values. 
•liai.p«Oti>^t  ,*).-iiOSi.i    I- r?.a 

(inni.^l>3S.vr  .tnfnecoe  ;  ■  s; 


Vbo 

p 


••I«f»»  MWlOU  Cc'li 


CLKO- 


diSL. 


0^     »^--  .iai.^?«i4T5»3T«9a.v/ 


REGUL>T»i|  <ni>M'fMaiiuu.u)eic 


ADDRESS 
DECODE 


//////// 


A,  A,  A,  0,  D,  D,  0,  Dj  0,  D,  Dj 

11-Btr  SERIAL  INPUT 
Ok  CK 


O 


IMCA 
JIEeBTEl 

D  5S 


NEGATIVE 
SUPPLY 


DACB 
REGISTER 


CK 

DACH 

REGISTER 

) 

DACH 

D  CLR 

-O'ourO 
IVoutC 
>VoutD 

^  VoutF 
VoutG 
Lo  VoutH 


my.  A 


DICE  CHARACTERISTICS 


DIE  SIZE  0.151  X  0.190  hoh,  19,030  aq.  ml* 
(3.8354  X  3.S033  mm,  12.004  sq.  mm) 


1. 

2. 

3. 

4. 

5. 

O. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 


cue 

cEK 

GND 
CLR 

LD  ,3' 


''heft 


WAFER  TEST  LIHIT^^.Vdo  -  -fcl^V.  Vss«  OV.  VrefH  -  +5V,  VrqzL  -  OV;  Ta  -  -i-2S<>C  unless  otherwise  noted. 


PARAMETER 


DAC-8800G 

LIMIT 


Total  Unadjusted  Error 


Differential  Nonlinearlty 


Full  Scale  Error 


Gfse 


LSB  MAX 


Zero  Co<Je  Error 


VZSE 


DAC  Oulput  Resistance 


Hour 


I  I 


8 
1« 


Reference  Input  Reilslance 


RhefH 


Digital  Inputs -S5H 


KaMN 
kOMAX 


kflMIN* 


Digital  Inputs  High 


I  ! 


VMIN 


Digital  Inputs  Low 


VMAX 


Digital  Input  Current 


ViN-4Vor'4SV 


pAMAX 


Pwdijys  SUB^y  Ciirrertt 


'dd 


m- 


2 

0.4- 


mAMAX 


Negative  Supply  Siurrent 


Vss— 5V 


02 


mAKMX 


DC  Power  Supply 
Rejection  Ratio 


PSRR 


AVdd-15% 


0.01 


«%MAX 


NOTE:  -  .  .      ^  -  _ 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  sftown.  Due  to  variations  In  assembly  niethods  arid  nofinalyislcl  Ion,  yield  after  packaging  Is  not  guamnMdfct' 

standard  product  dice.  Consult  lactoiy  to  negotiate  specifications  based  on  dice  lot  qualifk»lions  Ihiaugh  sample  1st  asaainbly  and  testing. 


@EV>tA 


ABSOLUTE  MAXIMUM  RATINGS  (T^  =  +25°C,  unless 
otherwise  noted) 

VootoVgs  0V,+20V 

VootoGND  OV,  +20V 

VsgtoGND  -20V,  OV 

Digital  Input  Voltage  to  GND  GND  -  0.3V,  V^^  +  0.3V 

VrefHIoGND  „  V„,,L,  V„, 

V„,,LtoGND...    V3,.V„,,H 

to  GND  V„„L,  V„„H 


PACKAGE^  TYPE 

i    '*  -»  

«ic 

UNITS 

20.Pin'ManTi^OIP(R) 

0  76 

11 

•WW 

20-Pln  Plastic  DIP  (P) 

69 

27 

20- Pin  SO  (S) 

88' 

2S 

•c/w 

'OUT 


•hef"- 


'REF' 


Operating  Temperature  Range 

Military,  DAC-8800BR  ..„,««>»,»»><,«<-«5°C  to+12S«C 

Extended  InduMM.  DA%iS0^R.FP,FS  ...-40°C  to  +85°C 

Maximnin  Jum^n  1%mfj8^ure  (T,  Max)  +150°C 

Storage  Temperature  •yfafHiSiffi^S'*- -65°Cto+150°C 

Lead  Temperature  (Solderif®/fl^^.':.t...'.  +300°C 

Package  Power  Dissipation  (Tj  Max  -  T^J/^jji 


NOTE: 

device  in  socket  tor  CerOIP.  SIMl  P-^D^  packages:      is  S(fKiifia#fcr  detfiqe 
soldered  to  printed  dreuitlioaHtfbr  SO  package. 
CAUTION: 

1.  Donoitipply«aia«piM||iHi«OTVooarlessthanVgg|»l^^ 

—      nal.  "   "• 

2.  The  digital  control  Inputs  are  zener-protected;  liowewr,  permanent  dainafi|e 
may  occur  on  unprotected  units  from  iilgh-energy  electrostatic  fields.  Ke^ 
units  In  conductive  foain  at  all  times  until  ready  to  use.  | 

3.  [3onotlnserttlilsdevlipeiltiKpamr«d«(«A<mMM)Minin^  

,pr  rernoval.    ,  , 

jTi-  SltBlloi  JtaWe  jhese  listed  under  'Al^lute  Maximum  I 
'  pHBtfllilll'>laii*9»lo  device. 


TABLE  1:  PIN  Function  Description 


DESCRIPTION 


2 

3 

4 

S 

6 

7 

8 

9 

10 

11 

12 

13 

14 
1S 
16 
17 
18 
19 
20 


VrefL, 

VouT* 

VoutB 
VoutD 

cOt 

GND 

ES 

VqutE 

Vou/ 


^ref'-s 


External  DAC  voltage  reference  input  sfiared  by  DAG  A,  B,C,QJ/f,gpi.,  detamilnes  the  hwastnegtfveDAC  output volnge. 
VpgpL^  must  be  equal  to  or  more  positive  tfian  Vgg.  ^   ------   —  •  =  . 


>  Output  voltage  determined  tqr  fficternal  V„ j,,H^  and  V„g,U, . 


TTL  Input  Compatible 


,  B,  C,  D.  VpgpH,  detennines  the  highest  posiiive  DAC  output  voM^. 

DAC  A  Output 
DAC  B  Output 

moooutput 

QACDOutput 

PDsflive  supply,  allowable  input  voltage  range  -Ht.SV  to  -f  16V. 
SaMDUBilnput 

S«U  @ixik  Input,  posiiive  edge  trtggeied 
dock  Enable  or  Serial  Ckick  biput,  negalve  edge  triggered 
'.Giound 

_Cld&r  l[iput  Hhsfiva  Low),  Asynchronous  TTL  compatible  input  that  resets  all  DAC  registers  to  zero  code. 

Load  DAO  Register  Strabii  TTL  compatible  Input  that  transfers  data  bits  from  serial  input  register  into  the  decoded  DAC  register. 
See  Table  2.  _      ;  '    .      [  '    ;   , 

Negative  Supply,  allowable  input  voltage  range  OV  to -12V.  -"^  ^ 

,  /    .  .....I     ;  1       .     -J     I.     ,1      ■  - 

DACEOtilput 
DAC  F  Output 
DAC  G  Output 
DAC  H  Output 

External  DAC  voltage  reference  Input  shared  by  DAC  E,  F,  G,  H.  V^^pHj  determines  the  highest  positive  DAC  output  voltage. 
External  DAC  voltage  reference  input  shared  by  DAC  E,  F,  G,  H.  V^^pL,  determines  the  lowest  negative  DAC  output  voltage. 
^m:^'!*''^^'*^*^-^''^^^'!^'^^  ■   -  -   


f  TOUCH 

tiajeoT 


Output  voltage  determined  by  external  V^^pHj  and  V^^pLj. 


2S 


:  _J\AAAA  A/WW\ 


IB 


V  r  

\  I    OMOo) 


M   

ov 

DETAIL  SERIAL  DATA  INPUT  TIMING  (CLK  =  0) 
soi'- 

(OATAW).  


I"  «0M  • 


CLEAR.QPERATION 

?.i  T)   ■■    Ji-oiB^iQ  •  . 


'^DCX  * 


jr 


Vqut 


CLK  IHPUT(PIN  10)  TIMINO  IS  BUtCTLY  INVERTED  FROH  CLK»II>UT(PIN  9) 


FIGURE  1 :  Timing  Diagrams 
TABLE  2:  Serial  Input  Decode  Table 


I 


LSB 

MSB 

LSB 

MSB 

0. 

0, 

0, 

Oa 

">S 

D. 

Dt 

*. 

*. 

>0  IS'SS 

■'3  ter.og 


l>7 

"»4 

">1 

0, 

DAC  OUTPUT  VOLTAGE 

(K-Vto=H-V,^ 

0      0      0      0      0      0      0  j4 

0  0      0     ,0      0      0      0  1 

• 
• 
• 

oil  11111 

1  000  0000 

1       0      0      0      0      0      0  1 

• 
• 
• 

11111111 

-.  ■^yrfw''*  .  -OH'  i 
(1/25B)xKf  VrcpL 

(127/256)  xK  +  V„^ 

(128aSS)xK  +  V„EFl- 
(12W2SS)xK  +  V„q:L 

(255/256)  xK+V^efL 

*1 

DAC  UPDATED 

0 

0 

0 

DAC  A 

0 

0 

1 

DACB 

0 

1 

D 

DACC 

0 

1 

1 

DACD 

1 

0 

0 

DACE 

1 

0 

1 

DACF 

1 

1 

c 

DACG 

1 

1 

1 

DACH 

TABLE  3:  Logic  Control  Input  Truth  Table 


GLK 

INPUT  SHIFT  REGISTER  OPERATON 

T 

L 

Shift  Data 

H 

i 

Shift  Data 

L 

X 

No  Operation 

X 

H 

No  Operation 

2S-»7f2  DIGITAL-TO-ANALOG  CONVERTERS 


REV.  A 


r  >^  rioiifc'.sqo  fuo' 

TOTAL  UNADJUSTED  ERROR 
vs  DIGITAL  INPUT  CODE 


SUPPLY  CURRENT  vs 
TEMPERATURE 


POWER  SUPPLY  REJECTION 
RATIO  vs  FREQUENCY 


'h  ,* '  * 

.C.  D 

:L,''=  C 

HPOS 

DA 

Cs  E.  F 

G.H 

UPER 

UPOS 

Fn 

V,„Hj.  » 
1 

1 

V 

1 

1  1 

•IMH 

-75      -SO  0        25       50       7S       100  126^ 


DIQITAL-WPUT  CODE  ^ECIHAU 

DAC  OUTPUtSETTLING  TIMl 
POSITIVE  &  NEGATIVE 
TRANSITIONS 


EXPANDED  DAC  OUTPUT 
SETTLING  TIME  POSITIVE 
TRANSITION 


UPPER  TRACE: 
LOWER  TRACE: 
CONDITIONS: 


t,^;,  INPUT  (5V/DIV) 
VouT*  (2V/DIV) 
V„„=:+12V,V„„H,=*5V, 
V„„L,=0V,V3,  =  0V, 
R,  =1MQ,  C,  =3.«pF 


UPPER  TRACE:  t,^,,  INPUT  (5V/DIV) 

LOWER  TRACE:  V^^^A  (1V/DIV) 

CONDITIONS:     V^^=  +12V,  V^^pH,  =  +sV, 
V„,L,=OV,V„  =  OV, 
R,  =1Ma,  C,  s  3^pF 


EXPANDED  DAC  OUTPUT 
SETTLING  TIME  NEGATIVE 
TRANSITION 


UPPER  TRACE:  t^^  INPUT  (5V/DIV) 
ISW^^ieE:  V<,„^  A  (1 V/DIV) 

eoNWfieifis:  Voo=+i2v,v„jpH,  =  +sv, 
v„5,L,  =  ov,y^pv, 


DAC  OUTPUT  CHANNEL-TO- 
CHANNEL  CROSSTALK  BOW 
TRANSITIONS 


EXPANDED  DAC  OUTPUT 
CHANNEL-TO-CHANNEL  CROSS- 
TALK NEGATIVE  TRANSITION 


EXPANDED  DAC  OUTPUT 
CHANNEL-TO-CHANNEL  CROSS- 
TALK POSITIVE  TRANSITION 


2V  ' 

UPPER  TRACE:  V^jj^A  0  TO +5V  CHANGE 

LOWER  TRACE:  Vg^^B  (1V/DIV) 

CONDITIONS:         „  =  +1 2V,  Vp^pH,  =  +SV, 
V„ef'-,=''V,V„  =  OV, 
R,  =1Ma,  C,  =3.4pF 


UPPER  TRACE:  V^^^A +5V  TO  OV  CHANGE 
LOWER  TRACE:  V^y^B  (100mV/DIV) 
CONDITIONS:     Vp^  =  +12V,  V„gpH,  =  +5V, 
«BW^=''V,V33  =  0V, 
\  =  1Ma,  C^  =  3.4pF 


UPPER  TRACE:  V^^^A  0  TO  +SV  CHANGE 
LOWER  TRACE:  Vq„^B  (lOOmV/DIV) 
CONDITIONS:     V^^,  =  +12V,  V„  ^^H,  =  +5V, 
V      L  =  OV  V 


=  iMa,c, 


=  ov, 

='3"4pF 
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DIGITAL-TO-ANALOG  CONVERTERS  2-1113 


CIRCUIT  OPERATION 

The  DAC-8800  provides  a  programmable  voltage  output  adjust- 
ment capability.  Changing  the  programmed  output  voltage  of 
each  DAC  is  accomplished  by  clocking  in  an  1 1-bit  serial  data 
word  into  pin  SDI  (Serial  Data  Input).  The  format  of  this  data 
word  is  three  address  bits,  MSB  first,  followed  by  8  data  bits, 
MSB  first.  Table  2  provides  the  serial  input  decode  table  for  data 
loading.  DAC  outputs  can  be  changed  one  at  a  time  in  random 
sequence.  The  fast  serial-data  clocking  of  6.6MHz  makes  it 
possible  to  load  all  8  DACs  in  as  little  time  as  14  microseconds. 
The  exact  timing  requirements  are  provided  in  Figure  1. 

Aclear  (CLR)  input  pin  allows  the  circuit  to  be  powered-up  in  the 
all  zero  state  or  a  system  reset  pulse  connected  to  CLR  can 
asynchronously  clear  all  data  registers. 


where  D  is  a  whole  number  binary  digital  input  word  loaded  into 
the  DAC  register.  For  example,  when  Vp^pH  =  +5V  and  V^^pL  ^ 
OV  unipolar  output  operation  results  with  the  following  binary 
digital  Inputs: 


D 

WD) 

Vbef"  =  +5.00V;V^  =  PV 

255 

4.98V 

Full-Scale 

128 

2.50V 

Half-Scale 

1 

0.02V 

1  LSB 

0 

O.OOV 

Zero-Scale  also  generated  . 
When  CLR  Input  Activated 

Bipolar  output  operation  Is  achieved  when  Vp,gpH  =  -i-2.5V  and 
VpppL  =  -2.5V,  also  note  Vgg  must  be  equal  to  or  more  negative 


N.CH 


n  I 


-"OUT 
CONSTANT 
INDEPENDENT 
OF  DIGITAL 
INPUT  CODE 


VrefLo- 


BGURE  2:  PAC-8800't 


ijff'^  Equivalent  DAC  Circuit 

The  output  voltage  range  is  determined  by  the  external  input 
voltages  applied  to  VpgpH  and  Vp,gpL.  See  Figure  2  for  a  simpli- 
fied equivalent  DAG  circuit.  If  a  negative  supply  is  used  on  Vgg 
then  VpgpL  may  be  set  negative  resulting  in  a  programmable 
bipolar  output  voltage  swing. 

The  actual  output  voltage,  V^^.^,  depends  on  V^^pH  and  V^^pL 
as  follows: 

Vout(D)  =  D  X  (V„^pH  -  V„gpL)/256  + 


following  example  lists  the  actual  bipolar  output  voltages  pro- 
ducecf  by  the  binary  digital  input  which  would  how  be  considered 

offset-binary  coded: 


D 

VpgpH  =  +2.50V;  V^^pL  =  -2.50V 

255 

'  2.48V 

Positive  Full-Scale 

129 

0.02V 

Positive  1  LSB 

128 

O.OOV 

Bipolar  Zero-Scale 

127 

-0.02V 

Negative  1  LSB 

0 

-2.50V 

Negative  Full-Scale 

1  """  •REF'-I 

ngpH^andVpgpL, 


REFERENCE  INPUTS  {V„,pH„  V„,pL,.  V„,pH,,  V„,pL,) 

The  external  voltages  connected  to  the  V^^p  input  pins  deter- 
mine the  programmable  output  voltage  ranges  of  the  two  sets  of 
four  DACs  in  the  DAC-8800.  Specifically.  VpgpH,  and  Vq^^L 
are  connected  to  DACs,  A,  B,  C,  D,  and  Vq, 
are  connected  to  DACs  E,  F,  G,  H. 

Insp^lon'of  the  DAG^SSOO  equivalent  DAC  circuit  (Figure  2) 
shows  the  external  VpgpH  and  V_g  J,  inp^s  connected  to  the 
internal  DAC  switches.  During  updatilrig,  tlie  DAC  switches  pro- 
duce transient  current  flowing  from  Vp,gpH  to  Vp,gpL.  It  is  recom- 
rnended  to  place  O.OI^F  bypass  capacitors  across  the  Vp^pH 
yapd  A/^^  inputs  to  m\^^a  the  voltage  transient?.  . 


.-  o.-  ;  -cj 


flEV,.A 


DAC-8800 


A  wide  range  oifiaxtdfnal  voltage  references  can  be  used  subject 
to  the  referenee  inplrtvoltage  range  boundary  conditions.  First 
VpgpH  should  always  be  more  positive  than  VpgpL.  DC  voltages 


DAC  OUTPUTS  (Voo^r  A,  B,  C,  D,  E,  F,  G,  H) 

The  eight  D/A  converter  voltage  outputs  have  a  constant  output 
resistance  independent  of  digital  Input  code.  The  distribution  of 
are~recommended.  VpgpLcan  be  equal  to  the  negative  power       Rqut       f^^do  DAC  within  the  DAC-8800  typically  niatche? 


supply  Vgg.  This  feature  results  in  single  supply  operation  when 
Vgg  is  at  ground.  Vpg^H  should  notbecloserthanfourvoltsto 
Vpp.  This  is  due  to  the  DAG-8800  NMOS  only  DAC  switches 
which  will  no  longer  operate  properly  if  Vp^pH  is  closer  to  Vujy 
than  four  volts.  Total  unadjusted, ^tror  d^rades-when  (Vpl  4- 
V^gpH)  is  less  thanlour  volts  as  six  wn  M  P^pi»  3.  ' 


TOlTAL  UNADJUSTED  ERROR  ' 
VS(Vdd-VrefH) 


Ta  ■  *25*C 

Vss-OV 

a — 

a 

! 

ol 

Vw-^mfH  (VOLTS) 


FIGURES: 


Operating  Beyond 


RECOMMENDED  OPERA^rMMHSMMarSUP^LY 
VOLTAGE  RANGES 

Although  the  DAC-8800  is  thoroughly  specified  for  operation 
with  Vp  p  = + 1 2  V  and  Vg.  =  0  V  or-5  V,  it  will  still  f  unctbn  with  the 
following  recommendeo 

•  (V, 


DO 


)<  18V 
4.5V<  V[,o<  16V 

.  -12V 


•  OV  >  V, 

In  all  cases  the  reference  voltage  boundary  conditions  still  ap- 
ply. The  boundary  conditions  described  here  make  it  possible 
to  use  DAC-8800  with  a  wide  variety  of  readily  available  st^^ 
voltages.  Some  choices  include,  but  are  not  limited  to: 

Voi^  V^-<l:15VMBV;  *12\/MlVj  +12¥A€V;  +5V/-5V:  +5V/-12V 


by  0.5%.  Device  to  device  J  matching  is  process-lot  to  prod- 
ess-lot  dependent  trying  a  ±20%  variation.  The  change  ii;i 
Rq^j  with  .temparstur&Jsi-wsry  small  as  a  result  of  PMI's  low 
temperalur^^efficient  SiCr  thin-film  resistor  process. 

The  nominal  DAC  output  eapatS^aiHSW^isarea  three  picof ar- 1 
ads  and  has  little  variation  with  temperature. 

One  aspect  of  the  nominal  12.5k£2  DAC  output  resistance  is 
channel-to-channel  crosstalk.  Under  a  worst  case  condition  of 
adjacent  DAC  outputs  when  DAC  A  makes  a  five  volt  output 
voltage  change  D  AC  B  exhibits  a  300mV  voltage  transient.  See 
photograph  in  typical  characteristics  section  of  data  sheet. 

The  channel-to-channel  crosstalk  is  due  to  the  0. 1 5pF  inter-pin 
package  capacitance.  A  FET  probe  with  3.4pF  input  capaci- 
tance was  used  to  measure  the  DAC  output  channel-to-channel 
crosstalk  characteristics  shown.  In  voltage  transient  sensitive 
applications,  minimization  of  crosstalk  can  be  accomplished  by 
placing  ground  traces  between  adjacent  DAC  output  pins.  DAC 
output  bypass  capacitors  will  also  minimize  voltage  transients. 

Output  settling  time  has  a  dominant  pole  response  as  the  photo- 
graph in  the  typical  characteristics  section  shows.  The  output 
settling  time  characteristic  consists  of  an  80  nanosecond  propa- 
gation delay  followed  by  a  single  RC  decay  waveform  deter- 
mined by  the  nominal  f^Q^JJ  of  12.5kf2  times  C^^.^  plu8  C,_oj^ 

which  includes  the  oscilloscope  probe. 

,  i  t     •  r  joott* 

The  digiral  feddttirsuglHrdm  thr^mmaarinpute  {GIK.  aitf 
wes-tesMhan-ZOmV. 


DIGITAL  INTERFACING 

The  DAC-8800  contains  a  standard  three-wire  serial  input  cori- 
trol  interface.  The  three  inputs  are  clod<  (CLK).  load(LD),  and 
serial  data  input  (SOI),  A  CLK  input  pin  is4WSik^le4eM^«{^|aliw 
edge  triggered  dataloffjttig:  \Tlt^«d^NQHWlmelaSiaf^ 
requires  clean  transitk>ns  to  av<rid  cloetting  incorrect  data  into 
.  jhe  serial  input  registei;.^  StanclaKl  l^iQ  failles  wprk.well.  If 
jf^saii^,  ^fii^jaffi^y  for  p[odufti,f!yia|(^l^itl\^ 
.ih(»uld)M  debpunce£by  afliprflopor  qth 

The  logiG^eontroi  input  truth  tab)eSfnil«9|dlril«i^«(i||liMliy 
the  serfal  data  input  register.       ■  ■      -.r     ,    ,/>  v  .-  :^ 

The  CLK  input  is  used  to  place  data  in  the  serial  data  input  reg- 
ister. The  unused  clock  input  {CLK  or  CLK)  should  be  tied  to  the 
active  state  (CLK  =  1  or  CLK  =  0  for  active).  The  load  strobe  (LD) 
which  must  follow  the  eleventh  active  CLK  edge  transfers  the 
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FIGURE  4:  Three-Wire  Serial  Interface  Connections 
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FIGURE  5a:  Decoding  MuUpto  DACSBOOs 

data  from  the  serial  data  Input  register  to  the  DAC  register  de- 
coded from  the  first  three  address  bits  clocked  into  the  input  reg- 
ister. Any  eictra  CLK  edges  after'the  elevenlh  Mge  looses  the 
first  bits  shlftedin.'$s«Xabl^2Jor«c(>mpletsndoae(i^j0n/Sae 
Figure  4  for  an  example  using  the  CLK  hipMt-pi'* doek « 
into  the  SDI. 


The  unused  clock  Input  of  Rg  ure  4  can  bemused  to  provkle  a  chip 
select  (CS)  feature  for  applications  using  more  tfian  one  DAC- 
8800.  Figure  5a  shows  the  proper  connection  and  timing  of  the 
CLK  inputs  which  assures  that  the  CLK  acting  as  a  chip  select 
(CS)  is  taken  to  the  active  low  state  selecting  the  desired  DAC- 
8800. 
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Another  method  of  (tooociing  multiple  OAC-8800S  Is  shown  in 
Figure  5b.  Hm  all  fit  B0iO  serial  input  registers  receive  the 
same  input  tfalK  hoiwever,  only  one  of  DAC's  ID  input  is  acti- 
vated to  tranafer  Ms  serial  input  register_contents  into  the  desti- 
ination  DAC  register.  In  this  circuit  the  LD  timing  generated  by 
the  address  decoder  should  follow  the  DAC-8800  standard  tim- 
ing requjywaante.  Ni^ithead^^ffij^^i^f  r  should  not  be  acti- 
Vided  t^lto  Wittepi>t«in»^l^  inputs  are  chang- 


CLOCK  O- 


LD 
CLK 

sn 


CLK 
SOI 


DAC 
8800 


nGURE  5b:  DecocKng  mU#»mC-8B008  Using  the  LD 
Input  Pin  —   —  — 


APPLICATIONS 

DIGITALLY  PROGRAMMABLE  AUDIO  AMPLIFIER 

The  DAC-8800  is  well  suited  to  digitally  control  the  gain  or  at- 
tenuation settings  of  eight  voltage  controlled  amplifiers  (VCAs). 
In  professional  audio  mixing  consoles,  music  synthesizers  and 
other  audio  processor's  VCAs,  suchastheSSM-2014,  adjust 
audio  channel  gain  and  attenuation  from  front  panel  potenti- 
ometers. The  VCA  provides  a  clean  gain  transition  control  of 
audio  level  when  the  slew  rate  of  the  analog  input  control  volt- 
age (Vq)  is  properly  chosen.  Talcing  advantage  of  the  12.5ka 
nominai  ou4>ut  resistance  of  the  DAC-8B00  It  is  very  easy  to 
control  the  slew  rats  of  V^^.^  by  appropriate  selection  of  C^^.^. 
Figure  6  shows  one  chaimri  of  9  ^itedty  pi^i^mq|aie  audio 
amplifier. 

The  reference  high  (Vp,gpH)  and  reference  low  (Vp^^L)  input 
voltages  of  the  DAC-8800  provide  a  digitally  programmable 
output  voltage  of  -1 .2V  to  + 1 .2V  which  Is  connected  to  the  con- 
trol voltage  (V^)  inputtermjnaloftheSSM-2014VCA  Thegain 
of  the  SSM-201 4  is  guaranteed  to  change  from  -1 5dB  to  + 1 5dB 
for  1 .2  to  -1 .2V  input  voltage.  A  C^^.^  of  0.1  |iF  provides  a 
control  voltage  transition  time  of  1 .2ms  which  gefiera^s  adicjlt 
free  change  in  audio  channel  gain. 


<1 


V 


 1  _5V  ~ 


GAIN  (dB)  va  Vc 


I 

[}A(J 


FIGURE  6:  Digitally  Progr^mable  Amplifier 

BUFFERING  THE  DAC-siw  OUTPUT 

External  op  amps  can  bd  us^  to  buffer  Vie  eil$ut  dFth#Oi 
8800's  nominal  1 2.5I<Q  ou4>ut  resistance.  In  F^re  7  a  variet]| 
of  possibilities  are  showxi.  the  quad  low  power  OP-420  is  used 
as  a  simple  buffer  to  reduce  the  output  resistance  of  DAC  A.  Jm 
OP-420  was  chosen  for  its  wide  operating  supply  range,  botN 
single  and  diial,  low  power  consumption,  and  low  cost. 

The  next  two  DACs,  B  and  C,  aie  configured  in  a  summing  ar- 
rangement  where  DAC  G,provides  the  course  output  vpttogq 
setting  and  DAC  B  can  be  used  for  fine  adjustment.  The  inser- 
Jlon  of  In  series  with  DAC  B  atteiHMtea  Its-eontribrtaii  to  the 
voltage  sum  node  at theDACC  output."  "  ' 

DAC  D  in  Figure  7  is  in  a  noninverting  gain  of  two  configuration 
increasing  the  available  output  swing  to  10V.  Appropriate 
choice  of  external  op  amp  gain  can  achieve  output  voltage 
swings  beyond  the  range  of  the  DAC-8800  If  the  external  op  amp 
power  supply  voltages  are  sufficiently  high.  In  addition,  the  opj 
amp  feedback  network  termination  could  be  a  bias  voltage 
which  would  provide  an  offset  to  the  output  signal  swb^ 

SETTING  COMPARATOR  TRIP  POINTS 

The  DAC-8800  is  ideal  to  provide  setpoints  for  voltage  input 
comparators.  In  Figure  8  the  very  low  power  CMP-404  detects 
whether  Input  voltage  QJ^^)  is  higher  or  lower  than  the  pro- 
grammed limit  values  providing  TTL  compatible  output  signals. 
The  compactness  of  the  DAC-8800  makes  it  ideal  for  high  den- 
sity te^ng  applications  found  in  pin  hwiiigilBielronics. 
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HGURE  7:  Buffering  the  DAC-8800  Ouput 


 14 


DACA 


-QUWLKin' 


-O  VARIABLE  LIMIT 


FIGURE  8:  Setting  the  Comparator  Trip  Points 
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Since  tne  uau-ubuu  nas  aconsiam  ouipui  resisiaiiiw  luyaiM- 
less  of  digital  input  code,  it  can  be  used  in  a  currant  sumcnir^ 
application.  Figure  9  depicts  the  DAC  output  connected  to  the 
Inverting  input  of  an  OP-20  low  power  consumption  op  amp.  An 
external  feedback  resistor  sets  the  output  signal  swing  accord- 
ing to  the  formula  given.  The  gain  accuracy  of  this  circuit  has  a 
wide  variation  due  to  the  30%  output  tolerance  of  the  DAC-8800 
Hq^jj  specificatnn.  A  second  DAC  in  the  DAC-8800  could  be 
used  «^ -an  Bxlamal  resistor  summed  into  the  OP-30ieiinrei^ 
summing  node  to  digitally  adjust  the  full-scale  swing.^.  | 

OPTICALLY  ISOLATED  TWO-WIRE  INTERFACE 

Two-wire  signal  Interfacing  is  often  found  in  process  control 
applications  where  electrical  isolation  of  hazardous  environ- 
ments and  minimization  of  wiring  is  necessary.  Isolation  trans- 
formers or  optocouplers  provide  the  high  voltage  isolation. 
Normally  the  DAC-8800  requires  a  three-wire  interface  to  up- 
date the  DAC  contents.  One  technique  which  translates  a  two- 
wire  interface  into     iMeNii^M  si^td  eerM  rwpM  tft» 


Vlfe(l|i-»'ov)-" 

WHW  D  >  DECIMAtTODE 

118(1!  iKlJtOOfclOOBli  0,^Q■»>.v 
■"/t 

DAC-8800  is  shown  in  Figure  1 0.  A  single  package  CMOS-logic 
dual-retriggerable  one-shot  MC1 4538  provides  the  solution, 
rest  the  optocouplers  are  both  OFF  allowing  the  pull-up  resi^ 
tors  to  sit  at  logic  high.  No  undefined  transients  should  occur  on 
the  control  Input  line     to  avoid  inadvertently  clocking  incorrect 

49^inlaitoRA3'S#Q)3^/i!^'  'nP'^'  regist.e.('t.W,heoJt>i^4iiTi9ito 
c^iiifiMtlFAs  M^P0  DACs,  the  CQNTR<^||^t||e 
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HGURE 10:  Isolatod  Two-Wire  Signal  Interiace  for  Serial  Input  DAC 
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DACW 


BURN-IN  CIRCUIT 


low,  triggering  tlie  first  one-shot  (Q^).  At  this  time  valid  data 
should  also  be  applied  to  the  DATA  input  optocoupler.  Sufficient 
time  must  be  allowed  before  the  control  (V^,)  input  returns  to 
logic  high  to  make  sure  the  DAC-8800  input  data  is  stabilized. 
When  Vj,  changes  to  logic  high,  the  first  DATA  bit  shifts  into  the 
DAC-8800  serial  data  input  register.  The  time  constant  of  the 
first  one-shot  established  by  and  C,  should  be  at  least  twice 
as  long  as  the  basic  CONTROL  Input  clock  period.  This  will 
prevent  the  output  from  returning  to  the  high  state.  The  next 
control  input  negative  edge  retriggers  the  first  one-shot  and  sets 
up  the  DAC-8800  clock  forthe  next  DATA  bit.  All  eleven  positive 
clock  edges  will  fill  the  DAC-8800  serial  input  register  and  each 
negative  clock  edge  will  retrigger  the  first  one  shot.  As  soon  as 
the  CON";  ROL  line  returns  to  the  passive  state,  the  first  one  shot 
will  time  out,  triggering  the  second  one  shot  (Q^),  which  will  pro- 
duce the  required  load  LD  pulse  for  the  DAC-8800  to  transfer  its 
serial  input  register  contents  to  the  internal  DAC  register  com- 
pleting the  DAC  update.  The  R.|C,  and  R.C,  limes  need  to  be 
designed  based  on  the  system's  CONTROL-input  clock  rate. 
Th&dptocoupler  cloeking  rate  must  also  be  considered  In  set- 
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FEATURES 

Replaces  8  Potentiometers   ' " 

1  MHz  4-Quadrant  Multiplyinfj  Bandwidth 
No  Signal  Inversion  ~ 
Low  Zero  Output  Error  i 

Eight  Individual  Channd*  I  

3-Wire  Serial  Input  { 
SOO  kHz  Update  Data  Loading  Rate 
±3  Volt  Output  Swing 
MMseala  Pmtk^^timOm 

APPUCATIONS  ^  I 

Aunmatic  Adjustment ' 
Trimmer  Replacement 
Dynamic  Level  Adjustment 
Special  Waveform  Generation  amf 


GENERAL  DESCRIPTION 

The  DAC-8840  provides  eight  general  purpose  digitally  con- 
trolled voltage  adjustment  devices.  The  TrimDAC™  capability 
allows  replacement  of  the  mechanical  trimmer  function  in  new 
designs.  The  DAC-8840  is  ideal  for  ac  or  dc  gain  control  of  up 
to  1  MHz  bandwidth  signals.  The  4-quadrant  multiplying  capa- 
bility is  useful  for  signal  inversion  and  modulation  often  found 
in  video  convergence  circuitry. 

Internally  the  DAC-8840  contains  eight  voltage  output  CMOS 
digital-to-analog  converters,  each  with  separate  reference  inputs. 
Each  DAC  has  its  own  DAC  register  which  holds  its  output 
state.  These  DAC  registers  are  updated  from  an  internal  serial- 
to-parallel  shift  register  which  is  loaded  from  a  standard  3-wire 
serial  input  digital  interface.  Twelve  dau  bits  make  up  the  data 
word  clocked  into  the  serial  input  register.  This  data  word  is 
decoded  where  the  first  4  bits  determine  the  address  of  the  DAC 
register  to  be  loaded  with  the  last  8  bits  of  data.  A  serial  data 
output  pin  at  the  opposite  end  of  the  serial  register  allows  sim- 
ple daisy-chaining  in  multiple  DAC  applications  without  addi- 
noatla^enlf^  decoding  logic. 


Euycggca<»M^  BUXK  diagram  :< 


The  DAC-8840  consumes  only  190  mW  from  ±5  V  power  sup- 
plies. For  single  5  V  supply  applications  consult  the  DAC-8841. 

The  DAC-8840  is  available  in  24-pin  plastic  DIP,  cerdip,  and 
SOIC-24  packages.  A  separate  MIL-STD/883  data  sheet  for 
-55°C  to  -I-  125°C  operation  is  available  on  request.  i 
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for  DAC-8840F,  unless  otherwise  noted) 


Piurainctcr 

Conditions 

iVUn 

Tim 

jTiajE 

Units 

ST ATir  ArrURACY 

All  Specifications  Apply  for  DACs  A,  B,  C,  D, 

E  F  G  H 

Resolution 

Integral  Nonlinearity 

Diiierential  Wonlincanty 

N 

INL 

8 

Bits 
LSB 

All  Devices  Monotonic 

±1/4 

±1 

-<-i 

PR  =  0,  Sets  D  =  80h     

PR  =  0,  Sets  D  =  80„ 

3  — 
10 

mV 

(j-vrc 

Output  Offset 
Output  Offset  Drift 

Vbze 
TCVbz 

REFERENCE  INPOTS 

Applies  to  All  Inputs  Vn^X 

Note  1 

D  =  2Bh,  Code  Dependent 
D  =  FFhj  Code  Dependent 

Input  Resistance 

c 

±3 
3 

6 
19 

30 

V 

kn 

DAC  OUTPUTS 
Voltage  Range 
Output  Current 
Capacitive  Load 

OVR 
Iqut 
Cl 

Applies  to  All  Outputs  VotrrX 
R   =  10  kn 
AVouT  <1  LSB 
No  Oscillation 

±5' 

>?toV  o»S 

200 

(.  S  '- 

V 

mA 
pF 

DYNAMIC  PERFORM^CE 
Multipl^iiig  Gain  Bandwidth 

GBW 

Applies  to  All  DACs 
VinX  =  icq  mV  p^ 

1 

2.5 

MHz 

Slew  Rale 

Measured  iWo  to  tUto 

Positive 
Negative 

SR+ 
SR- 

AV       Y—  4- A  V 
*1VoutA—  to  V 

AVgxrt-X  =  -6  V 

1  a 

I,  J 

1.3 

4.0 

2.5 

V/)is 

V/(ji,s 

Total  Hannonic  Distordan  t 

_v  VjQ^  —  4  V  p-p,  u  —  rrns 

f  —  1  IrH-F   f      —  fin  IrTTv 

0.01 

% 

Spot  Noise  Voltage 
Output  Settling  Time 
Channel-to-Channel  Crosstalk 

Cn 
ts 
Ct 

f  =  1  kHz 

±  1  LSB  Error  Band,  D  =  0  to  FF„ 
Measured  Between  Adjacent  Channels, 

0.17 
3.5 

6 

(iV/%4E 
p,s 

f  =  100  kHz 

60 

80 

dB 

Q 

_j  :  

V,Kx  =  OV,D  =  0ffi25^„,„^,^,^^^, 

6 

■  I" 

nVs 

POWER  SUPPLY   lo  ii  '.ilif^v  >■  ! 

Power  Supply  Current 
Negative  Supply  Current 

Idd 
Iss 

=  ov 

PR  =  OV 

19 
19 

26 
26 

mA 
mA 

Power  Dissipation 

Pdiss 

190 

260 

mW 

DC  Power  Supply  Rejectjon  Ratio 
Power  Supply  Range 

PSRR 
PSR 

PR  =  0  V,  AVdd  =  ±5% 
Vdd.|VssI 

,4.75 

0.0002 
.5.«) 

0.01 
5.25 

%/% 
V 

DIGITAL  INPUTS 

:>j  it- 

Logic  IBgb 
Logic  Ijow 
Input  Current 
Input  Capacitance 
Input  Coding 

Vm 
Vn. 
Ii. 
Cn. 

i.  s     ■    ^.1  -.■ 
:.wii»  ;■■  ■.<;tt  is 

2.4     .  T  .xnisaMi  i 

>M  -     ■'7.;-  :  :^  :;.»^; 

■y..:  ;  . 

V    1.-  - 
1  'pF-. . 

DIGITAL  OUTPUT 

Logic  Higb 
Logic  Low 

VoH 

Vol 

loH  =  ~0.4  mA 
loL  =  1-6  mA 

3.5 

0.4 

V 

NOTE 

'Mayininm  input  voltagc  is  slwajra  2  V  less  than  Vop. 

Specifications  subject  to  change  without  notice. 


llmINu  ortblrlUAIIUNo  to  +8S°C  apply  for  DAC-884aF,  unless  otherwise  nam 


Parameter 

Symbol 

Min 

Max 

Units 

Input  Clock  Pulse  Width 

80 

ns 

Data  Setup  Time 

40 

ns 

Data  Hold  Time 

'dh 

20 

ns 

CLK  to  SDO  Propagation  Delay 

tpD 

120 

ns 

DAC  Register  Load  Pulse  Width 

tl-D 

70 

ns 

Preset  Pulse  Width 

tpR 

50 

ns 

Qock  Edge  to  Load  Time 

tcKU> 

30 

ns 

Load  Edge t^Wem't&miiM^:  ^ 

60 

ns 
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WAFER  TEST  UjjlllS^  ffy  ~fi  v.  Vss  =  -5  V,  Wtji^*  fit%»  »m,  unless  otherwise  noted.) 
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DAC8840GBC 

Parameter 

Symbol 

Conditiails 

Limits 

Units 

xnccgiat  IN  un  11  nrarny    \  '-^ 

INL 

+  1 

T  men 

DNL 

All  T^f>vippc  AAnnfif/^niP 

.  ±1  ...   .  ,3.  .' 

I  mat 

Oiitniit  Offiw*t 

*BZE 

PR  =  0,  Sets  D  =  80h 

25 

mV  tndy' 

Input  Resistance  (VjnX) 

D  =  2B^;  Code  Depoident 

3 

kfl  min 

^4 A  mill 

T)A(^  Oiirniit  Vnltatn*  Ran0i> 

OVR 

R.  =  10  kf! 

FlAf^  Oiimiif  f^irrpnt 

AqUT 

AV„,„  <  1  I  SB 

in  A  min 

^Imv  Rar^                '     — - 

OICW  AUIC  ! 

Mea<inrpd  10%  to  90% 

Positive                '  'i' 

SR+ 

AVoirrX  =  +6  V 

1.3 

V/|is  mi4 

Negative  ,,r.,' 

SR- 

AVoutX  =  -6  V 

1.3 

V/(is  min 

Positive  Supply  Current  ■ 

Idd 

PR  =  0  V 

26 

mA  mffli: 

Negative  Supply  Current 

Iss 

PR  =  OV 

26 

mA  max 

DC  Power  Supply  Rejection  Ratio 

PSRR 

fR  =«  OV,  AVdd  =  ±5% 

0.01 

%/%  mai 

Logic  Input  High  , 

Logic  Input  Low  ,  

VlH 

2.4 

V  min 

V,L 

1 

0.8 

V  max 

Logic  Input  Current 

II 

-■■t_ 

±10 

\i.A  max 

Logic  Output  High 

VoH 

I,,H  ~  -0.4  mA'  '■•». 

3.5 

V  min  1 

Logic  Output  Low 

Vol 

loL  =  1.6  mA 

0.4 

V  max 

NOTE 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Due  to  variations  in  assembly  methods  and  norm^^yield  Ipss,  yield  after  packagtng.is  not  gu^TT 
muet'fe  MHitei  Msri^  #ae.  Csiualllicffiiy  to  negotiate'^»ctf  catkns  based  oafdice  lot  qualification  tlsottg||iiHI^^>talim^ltaK|  C^V  I  e^:  I 
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DETAIL  SERIAL  DATA  INPUT  TIMING  (PR  =  -f) 


SDI  1 
(DATA  IN)      0  . 


SDO  1 
(DATA  OUT)  0 
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J)AC-8840 


PIN  DES  CRIPTION 

PIN 

MNEMONIC 

DESCRIPTION 

1 

VqUtC 

DAC  C  Output 

2 

VoutB 

DAC  B  Output 

3 

DAC  A  Ou^ut 

4 

V„B 

DAC  B  Raterancs  Input 

5 

VmA 

DAC  A  Rafarwiea  Input  '' 

6 

GND 

Ground                                            i' ' 

7 

PR 

Preset  Input,  Active  Low,          ,,,,  ,j-  -  .  , 

All  DAC  Registers  =  80„ 

8 

V,„E 

DAC  E  Reference  Input 

9 

V,„F 

DAC  F  Ratarancs  Iniwt 

10 

DAC  E  Output 

11 

DAC  F  Output 

12 

VoutG 

DAC  G  Output 

13 

VoutH 

DAC  H  Output 

14 

V„G 

DAC  G  Reference  Input 

15 

V«H 

DAC  H  Reference  Input 

16 

LD 

Load  DAC  Register  Strobe,  Active  High  input 

That  Transfers  the  Data  Bits  from  the 

Serial  Input  Raglatar  tato  tha  Daaodad 

17 

CLK 

Seriai  Clock  Input,  Posidva  Edga  Triggarad 

18 

SDO 

Seriai  Data  Output,  Active  Totam  Pole  Output 

19 

Vsg 

Negative  5  V  Power  Supply 

20 

SDI 

Seriai  Data  Input 

21 

Vdo 

Posithfa  S  V  Power  Supply 

22 

V,„D 

DAC  D  Reference  biput 

23 

v,„c 

DAC  C  Reference  iH^dt    '  '  '' 

24 

VoutD 

DAC  D  Output 

ABSOLUTE  MAXIMUM  RATINGS 

CTi  =  +25°C,  unless  otherwise  noted) 

Vdd  to  GND   -0.3,  +7  V 

Vss  to  GND   .  .  ,  .  :  +0.3,  -7  V 

Vo,X  to  GND    :   Vdd.  Vss 

VoctX  to  GND  Vdd.  Vgs 

Short  CiTcuit  IqutX  to  QiSB  rr.  . .  : . ~.  .  rr .  .  Continnour 

Digital  Input  &  Output  Voltage  to  GND  Vdd,  Vgs 

Operating  Teii;])enmie  Range  -  -  • 

Extended  Industrial:  DAC8840F  -40°C  to  +85°C 

Maximum  Junction  Temperature  (Tj  max)   +1S0°C 

Storage  Temperature  -65°C  to  +150°C 

Lead  Temperature  (Soldering, -M>-«ec)   +300°C 

Package  Power. Dissipation  ™ .-,  .  .  .-(Tj  Max  -TaVBja 

Thermal  Resistance  6ja 
Cerdip  ....  .  .-.       .  .  .64°C/W 

P-DIP   -r^,-.^.  .  .  .^^-.•>  .  .  .  57°C/W 

SOIC-24    70°cyw 

OB]>ERING  GinDE 


Model 

M 

tune  Range 

Package  Option 

DAC8840FP 

-40°C 

to 

+85X 

Plastic  DIP 

DAC8840FW 

-4«°C 

to 

+85°C 

Cerdip 

DAC8840FS 

-40°C 

to 

+85°C 

SOIC-24    .  _ 

DAC8840GBC 

25°C 

DICE 

Wi  CQIillGURATION 


«]  Vqut" 

22]  V,nD 

El  ^DD 
»]  SDI 

ii]vss 

li]  SDO 

CLK 
le]  LD 

!i1v,nG 

iilvouTH 


E 

VtturB 

E 

Vo«t* 

E 

VmB 

E 

E 

GND 

E 

PR 

E 

V|nE 

E 

VinF 

E 

Vqut^ 

E£ 

VqutF 

EI 

VoUT<5 

E 

DAC-8840 

TOP  VIEW 
(Not  to  Scais) 


DICE  CHARACTERISTICS 

DIE  SIZE  0.117  X  0.185  inch,  21,645  sq.  mils 

(2.9718  X  4.«99  mm,  13.964  aq.  mm) 

The  die  backside  is  decfxicaliy  common  to  Vqq. 


VinB 


VouiE 


SOI 


Vss 
SDO 


%  1 


For  devices  ^ocessed  in  total  Compliance  to  MIL-STD  883,  contact  our  local 
sales  office  for  the  DAC884(IBW/883  datasheet. 


•BOTH  GND  PADS  (6a,  6b)  ARE 
BONDED  TO  PIN  6  OF  PACKAGE. 


CAUTION   

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  uncoimected  devices  subject  to  high  energy  electro- 
static iiekb.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  prolBClive  ftam 
should  be  disdiarged  to  the  destination  socket  before  devices  are  inserted. 


WARNING! 
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DIGITAL  INPUT  CODE  -  DMimal 

Figure  2.  Linearity  Error 
vs.  Digital  Input  Code 
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DIGITAL  INPUT  CODE  -  Decimal 


Figure  3.  Linearity  Error  vs.  Digital 
Code  vs.  Temperature 
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Figure  4.  Vqut  Half-Scale  (SHy 
vs.  Temperature 
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Figure  S.  Input  Resistance  vs.  Code 


Figure  6.  Total  Harmonic  l^stortion 
vs.  Frequency 
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Figure  7.  VoiffSlew  Rate  vs. 
Temperature 
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Figure  10.  Voltage  Noise  Density 
vs.  Frequency 
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Figure  15.  Digital  Crosstalk  Figure  16.  Clocif  Feedthrough 
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Figure  17.  128  kHz  Sawtooth  VJayeiorm 
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Figure  20.  PSRR  vs.  Frequency 
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Hgure  24.  DAC-8840  TrimOAC  Equivalent  Circuit 
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Table  I.  Serial  Input  Decode 

 »-  FIRST 


LSBDO 

Dl 

D2 

D3 

D4 

DS 

Ot 

MSBD7 

LSB  AO 

Al 

Al 

MSB  A3 

PATA 


MSB 

LSB 

.  A3 

A2 

Al 

AO 

DAC  Updated 

0 

0 

0 

0 

No  Operatioa 

0 

0 

0 

DAC  A 

0 

0 

1 

DACE 

0 

0 

I 

DACC  1 

0 

0 

DAC  D        1  1 

0 

0 

DACE 

0 

1 

DACF 

0 

1 

DACG 

0 

0 

DACH 

0 

0 

No  Operation 

1 

1 

*  1 

No  Opentlaa 

D7 

D* 

05 

D4 

03 

D2 

Dl 

DO 

DACCMprtVaHw 
VOUT<(IVU*-UxVIN 

•      tooooo  0 

.j»  .,  ,|J»  .       0         0         0         0         0  1 

0  111111  1 
1000000  0 
1000000  1 

1  1          1          1          1          1          1  0 

,1111111  1 

-vm 

(127/1M-1)«  VIN 

(128/128  -1)  X  VIN  =  OV,  (Preset  Value) 
(129/128  -I)  X  VIN 

(254/128 -l)x  VIN 
(255/128 -DxVm- VIN 

n.  Logic  Contiol  Ii^  Tradi  Table 


-  ••-  SDI 

CLK 

LD 

PR 

Input  SUft  Register  Operation 

L 

L 

H 

No  OpetatioB 

L 

H 

Shift  One  Bft  In  Ecom  SDI  (Pin  20), 

Shift  One  Bit*  Out  from  SDO  (Fbi  18) 

X 

X 

L 

L 

All  DAC  Registers  =  80h 

X 

L 

H 

H 

Load  Serial  Register  Data  into 

DAO(X)Rq;iHtt 

*Dm  dufted  iuio  the  SDI  im  a|>pean  mhre  docks  later  ai  the  SDO  inL 


i*tm  DMSfTAb.m-mAU>G€cm/Efmm 


DAC-8840 


dRCUrr  OPERATION 

The  DAC-8840  is  a  genetal  ptirpose  multiple-cfaaimel  ac  or  dc 
signal  level  adjiutment  ^riiie  deajgwd  fi>  iqdace  potentiometen 
used  in  the  tfarec-tennind  ctimiectini  SsAdii'lEq^  ibd^N^ent  ' 
channels  of  programmable  signal  level  control  are  available  in 
thia  2^pin  package  device.  The  outputs  are  completely  buffered 
providing  up  to  S  mA  of  output  drive-current  to  drive  enemal 
loads.  The  DAC  and  amplifier  combination  shonn  in  Figure  25 
produces  four-quadrant  multiplication  of  the  signal  inputs 
applied  to  V^q  times  the  digital  input  control  word.  In  addition, 
the  DAC-8840  provides  a  1  MHz  gain-bandwidth  product  in  the 
four-quadrant  multiplying  channel.  Operating  from  plus  and 
minus  5  V  power  supphes,  analog  inputs  and  outputs  of  ±3  V 
are  ea^y  accommodated. 


■mm 


XT 


■/!i«si  «»ti 


Voin-  =2XVdaC-V|„ 

>2(D/2S6)XV„-V„ 
=  (D/138-1)XV,H 


wag] 


4 


DAC8840  INPUT  OUTPUT  VOLTAGE  RANQE 


^ouT  =  v„  (IV12S  - 1),  WHERE  D  >  0  TO  aas 


In  order  to  simplify  use  with  a  ( <iiiiinlliiniiiHilnimni(Tiiiii>|i_  a 
simple  layout-efGcient  three-wire  serial-data-interftce  was  dio- 
sen.  This  interface  can  be  easily  adapted  to  almost  all  miciocom- 
puter  and  microprocessor  systems.  A  clock  (CLK),  serial  data 
iapat  (SDI)  and  a  load  (LD)  strobe  pin  make  up  the  ihiee-wiie 
interface.  The  12-bit  input  data  word  used  to  change  the  value 
of  the  internal  DAC  legistos  contains  a  4-bit  address  and  8  bits 
of  data.  Using  this  wud  combinatioa  any  DAC  ng^xux  can  be 
changed  at  a  given  time  without  disturbing  the  other  channels. 
A  serial  data  output  SDO  pin  simplifies  raarMKng  multiple 
DA&8840S  without  adding  address  decoder  diipa  to  die  system. 


During  system  power  up  a  logic  low  on  the  preset  PR  pin  forces 

all  DAC  rasters  to  80h  which  in  turn  forces  all  the  buffer   

amplifier  outputs  to  zero  volts.  This  asynchronous  input  pin  PR 
can  be  activated  at  any  time  to  force  the  DAC  registers  to  the 
half-scale  code  80h.  This  is  generally  the  most  convenient  place ' ' 
to  sttort  general  purpose  adjustment  procedures.  ' 

ADJUSTING  AC  OR  DC  SIGNAL  LEVELS 
The  four  quadrant  multiplication  operation  of  the  DAC-8840  is 
shown  in  Figure  2S.  For  dc  operation  the  equation  describing 
the  relationship  between  V^,  digital  inputs  and  Vqut 's: 

VouT<D)  =  (D/m  -  1)  X  V,j^  ai] 
where  D  is  a  decimal  number  between  O  and  25S. 

The  actual  ouijnit  voltages  generated  with  a  fixed  3V  dc  input  ' 
tgffiel  t»      «•  smaarized  in  this  taUe. 

Table  m. 


Decimal  Input  (D) 

Vout(D) 

Comments  (V^,  =  3  V) 

O 

-3.00  V 

Inverted  FS 

1 

-2.98 

127 

-0.02 

128 

O.OO 

Zero  Output 

129 

0.02 

254 

2.95 

255 

2.98 

Full  Scale  (FS) 

-.>i 

Notice  that  the  output  polarity  is  the  same  as  the  input  polarity 
when  the  DAC  register  is  loaded  with  255  (in  binary  =  all 
ones).  Also  note  that  the  output  does  not  exactly  equal  the  input 
voltage.  This  is  a  result  of  the  R-2R  ladder  DAC  architecture 
chosen.  When  the  DAC  register  is  loaded  with  0,  the  output 
polarity  is  inverted  and  exactly  equals  the  magnitude  of  the 
input  voltage  Vq^.  The  actual  voltage  measured  when  setting  up 
a  DAC  in  this  example  will  vary  within  the  ±  1  LSB  linearity 
error  specification  of  the  DAC-8840.  The  odculated  voltage  'i 
error  would  be  ±0.023  V  (=  ±3  V/128).  r 

If  Vqj  is  an  ac  signal  such  as  a  sine  wave  then  we  can  use  equa- " 
tion  2  to  describe  circuit  performance.  '  ' 

VouT  (t,D)  =  (D/m  -  l)xAsm  (at)  ""  (2)" 

where  <o  =  2  irf,  A  =  sine  wave  amplitude,  and  D  =  dedmal 

input  code. 

This  transfer  characteristic  Equation  2  lends  itself  to  amplitude 
and  phase  control  of  the  incoming  signal  Vj^,.  When  the  DAC  is 
loaded  with  all  zeros,  the  output  sine  wave  is  shifted  by  180° 
with  respect  to  the  input  sine  wave.  This  powerful  multiplying 
capability  can  be  used  for  a  wide  variety  of  modulation,  wave- 
form adjustment  and  amplitude  control. 
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the  electrical  characteristics  table.  The  graph  (Figxire  5)  titled 
"Reference  Input  Current  versus  Code"  shown  in  the  typical 
performance  characteristics  section  displays  the  incremental 
changes.  Use  a  suitable  amplifier  capable  of  driving  this  input 
resistance  in  parallel  with  the  specified  19  pF  typical  input 
capacitance.  These  reference  inputs  are  designed  to  receive  not 
only  dc,  but  ac  input  voltages.  This  results  from  the  incorpora- 
tion of  a  true  bilateral  analog  switch  in  the  DAC  design  (see 
Figure  24).  The  DAC  switch  operation  has  been  designed  to 
operate  in  the  break-before-make  format  to  minimize  transient 
loading  of  the  inputs.  The  reference  input  voltage  range  can 
operate  from  near  the  negative  supply  i^ss)  to  within  2  V  of  the 
positive  supply  (Vdd)-  That  is,  the  operating  input  voltage 

Vss  +  0.5V<  Vj^X  <  (Vr,B-2  V)  "  (3) 

DAC  OUTPUTS  (VoutA,  B,  C,  D,  E,  F,  G,  H) 
The  eight  D/A  converter  outputs  are  fully  buffered  by  the  DAC- 
8840's  internal  amplifier.  This  amplifier  is  designed  to  drive  up 
to  1  kO  loads  in  parallel  with  100  pF.  However,  in  order  to 
minimize  internal  device  power  consumption,  it  is  recommended 
whenever  possible  to  use  larger  values  of  load  resistance.  The 
ampUfier  output  stage  can  handle  shorts  to  GND;  however,  care 
should  be  taken  to  avoid  continuous  short  circuit  operation. 

The  low  output  impedance  of  the  buffers  minimizes  crosstalk 
between  analog  input  chaimels.  A  graph  (Figure  9)  of  analog 
crosstalk  between  channels  is  provided  in  the  typical  perfor- 
mance characteristics  section.  At  1  MHz,  72  dB  of  channel-to- 
channel  isolation  exists.  It  is  recommended  to  use  good  circuit 
layout  practice  such  as  guard  traces  between  analog  channels 
and  power  supply  bypass  capacitors.  A  0.01  (jiF  ceramic  in  par- 
allel with  a  1-10  (jlF  tantulum  capacitor  provides  a  good  power 
supply  bypass  for  most  frequencies  encoimtered. 

DIGITAL  INTERFACING  _ 

The  four  digital  input  pins  (CLK,  SDI,  LD,  PR)  of  the  DAC- 
8840  were  designed  for  TTL  and  S  V  CMOS  logic  compatibil- 
ity. The  SDO  output  pin  offers  good  fanout  in  CMOS  logic  - 
applications  and  can  easily  drive  several  DAC-8840s. 

The  Logic  Control  input  Truth  Table  II  describes  how  to  shift 
data  into  the  internal  12-bit  serial  input  register.  Note  that  the 
CLK  is  a  positive  edge  sensitive  input.  If  mechanical  switches 
are  used  for  breadboarding  product  evaluation,  they  should  be 
debounced  by  a  flipflop  or  other  suitable  means. 

The  required  address  plus  data  input  format  is  defined  in  the 
serial  input  decode  Table  I.  Note  there  are  8  address  states  that 
result  in  no  operation  (NOP)  or  activity  in  the  DAC-8840  when 
the  active  high  load  strobe  LD  is  activated.  This  NOP  can  be 
used  in  cascaded  apphcations  where  only  one  DAC  out  of  sev- 
eral packages  needs  updating.  The  packages  not  requiring  data 
changes  would  receive  the  NOP  address,  that  is,  all  zeros.  It 
takes  12  clocks  on  the  CLK  pin  to  fully  load  the  serial  input 
shift  register.  Data  on  the  SDI  input  pin  is  subject  to  the  timing 
diagram  (Figure  1)  data  setup  and  data  hold  time  requirements. 
After  the  twelfth  clock  pulse  the  processor  needs  to  activate  the 
LD  strobe  to  have  the  DAC-8840  decode  the  serial  register  con- 
tents and  update  the  target  DAC  register  with  the  8-bit  data 


twelve  dock  edges,  data  initially  loaded  into  the  shift  register  at 
SDJ^jqjpf^  at  tbe  shift  register  output  SDO.  ..  - 

There  is  some  digital  feedthrough  from  the  digital  input  pins. 
Operating  the  clock  only  when  the  DAC  registers  require  updat- 
ing minimizes  the  effect  of  the  digital  feedthrough  on  the  analog 
signal  channels.  Measurements  of  DAC  switch  feedthrough 
shown  in  the  electrical  characteristics  table  were  accomphshed 
by  grounding  the  Vj^X  inputs  and  cycUng  the  data  codes 
between  all  zeros  and  all  ones.  Under  this  condition  6  nVs  of 
feedthrough  was  measured  on  the  output  of  the  switched  DAC 
channel.  An  adjacent  channel  measured  less  than  1  nVs  of  digi- 
tal crosstalk.  The  digital  feedthrough  photographs  shown  in  ibs''- 
typical  performance  characteristics  secpon  displays  these 
characteristics  (Figunes  -14vl5>  mA-iSiif    '  '  • 

Figure  26  shows  a  thoree-mjp-interface  for  a  iwigte  DAC-8840 
that  easily  cascades  ftrju^gfe  packages.  ■ 


PA1 
PAZ 


CLOCK 


SDI     DAC  A  < 

CLK 

DAC-8a40  #1 

LD 

SDO   DAC  H  < 


SDI 

DAC  A; 

CLK 

DAC-8840  #2 

LD 

SDO 

DACH' 

SDI  DACA< 

CLK 

DAC-8840  #3 


LO 


SDO  DACH  • 


Figure  26.  Three-Wire  Interface  Updates  Multiple 
DAC-8840S 
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DAC-8841 


FEATURES 

Replaces  8  Potentiometers 

Operates  From  Single  +5  V  Supply 

1  MHz  2-Quadrant  Multiplying  Bandwidth 

No  Signal  Inversion  '-  ''■ 

Eight  Individual  Channels 

3-Wire  Serial  Input 

500  kHz  Update  Data  Loading  Rate 

+3  Volt  Output  Swing 

MIdscale  Preset 

Low  95  mW  Power  Dissipation 

APPLICATIONS 

Trimmer  Replacement   

Dynamic  Level  Adjustment 

Special  Waveform  Generation  and  Modulation 

Programmable  Gain  Amplifien  '  . 

I 

GENERAL  DESCRIPTION 

The  DAC-8841  provides  eight  general  purpose  digitally  controlled 
voltage  adjustment  devices.  The  TrimDAC™  capabiUty  replaces 
the  mechanical  trimmer  function  in  new  designs.  It  is  ideal  foi 
ac  or  dc  gain  control  of  up  to  1  MHz  bandwidth  signals. 

Internally  the  DAC-8S41  contains  ei^t  voltage  output  CMOS 
digital-to-analog  converters,  each  with  separate  reference  inputs. 
Each  DAC  has  its  own  DAC  register  which  holds  its  output 
state.  These  DAC  registers  are  updated  from  an  internal  serial- 
to-parallel  shift  register  which  is  loaded  from  a  standard  3-wire 
serial  input  digital  interface.  Twelve  data  bits  make  up  the  data 
word  clocked  into  the  serial  input  register.  This  data  word  is 
decoded  where  the  first  4  bits  determine  the  address  of  the  DAC 
register  to  be  loaded  with  the  last  8  bits  of  data.  A  serial  data 
output  pin  at  the  opposite  end  of  the  serial  register  allows  sim- 
ple daisy-chaining  in  multiple  Qf^  i^pUeatkins  without  addi- 
tional external  decoding  1 


FUNCTIONAL  BLOCK  DIAGRAM 

YjiTSaeiiiiftll  luasiiii 


SDO  PRESET 


VrefL 


The  DAC-8841  consiunes  only  95  mW  from  a  -1-5  V  power  sup- 
ply. For  dual  polarity  applications  see  the  DAC-8840  which  pro- 
vides full  4-quadiant-midtiplying  ±3  V  a^;ndaq>alrilityNil^e 
operating  from  ±5  V  power  supplied."  "     '     '    s'  i;''.'tr'j.  '' 

The  DAC-8841  is  available  in  24-pin  plastic  DIP,  ceidip,  and 
SOIC-24  packages.  For  MIL-STD/883  applkationSj  contacl 
ADI  sales  for  the  DAC-8841BW/883  dmj^^^sl^ 
operation  over  -SS'C  to  -l-125°C. 
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'm&FAL-TO-ANALOG CONVERTERS  2-1131 


M&^^SPECIHGXnONS  £  C  1 

Ei£cmicAi  CHWttCTERisncs :^^^9«^^ 


Cvfnlwil 

CoiulitiOIIS 

Min 

Xvn 

Max 

Units 

$XATrc;  ACCURACY 

AU  Specifications  ^9l]rM£lAl4LA>.B>i<9  — 

-- 



D,  E,  F,  G,  H 

Resolution 

N 

8 

Bits 

Integral  Nonlinearity 

INL 

Note  1 

±1/2 

±1.5 

LSB 

Differential  Nonlinearity 

DNL 

All  Devices  Monotonic,  Note  1         f*ltoii  !■ 

±1 

LSB 

V 
♦hs 

PR  =  0  V  Sets  D  =  80,. 

1.475 

1.500 

1.525 

V 

Zero-Scale  Output  Voltage 

*  zs 

Digital  Code  =  OO], 

20 

100 

mV 

Output  Voltage  Drift 

*      '  HS 

=  0  V,  Sets  D  =  80h 

10 

M.V/°C 

SIGNAL  INPUTS 

Api^ies  to  AH  Ii^nin  VdjX  or  VkepL  tii 

Input  Voltage  Range 

IVR 

0 

1.5 

V 

D  =  55..*  Code  Denendent 

4 

10 

Ml 

Intent  Qfii^R 

Ofw^p  DprvnHpnt 

19 

30 

dF 

i_<UW  nC9iaUulL.C 

0.3 

0.75 

kfl 

liPP  T  C^itTMte^tant^ 

fViHp  DpnpnHpnt 

190 

250 

dF 

DAC  OUTPUTS 

Applies  to  All  Outputs  VqutX 

Voltage  Range 

OVR 

Rl  =  10  kn                           ,iiK  i.-.  ■-.1. 

St 

3 

V 

Output  Current 

Iqut 

AVouT  <  25  mV,  VemX  =  1.375V,  PR  =  0  V     f-  -. 

mA 

Capadtive  Load 

Cl 

No  Oscillation 

200 

pF 

DYNAMIC  PERFORMANCE 

Applies  to  All  DACs 

Multiplying  Gain  Bandwidth 

GBW 

VdjX  =  100  mV  p-p  +  1.0  V  dc 

1 

2.5 

MHz 

Slew  Rate 

Measured  10%  to  90% 

+  SR 

AVoutX  =  +3  V 

1.3 

4.0 

V/|« 

-SR 

AVotrrX  =  -3  V 

1.3 

2.5 

V/(is 

Toud  Harmonic  Distortion 

THD 

VjnX  =  1  V  p-p  +  1.0  V  dc,  D  =  FFh,  f  =  1  kHz, 

0.01 

% 

fu  =  80  kHz'''*'" 

Spot  Noise  Voltage 

Cm 

I  —  1  KrlZ 

0.17 

Output  Settling  Tune 

-1-1    T  CR  TJrmr  Han  A     S  tr. 

—  I  L.^D  error  canu,  ojq  to  /.djiq 

3.5 

o 

(IS 

*  tiiiinntTi  lu  ^  1111111110  v^nmiuiiK 

c 

MmciitmI  Tt^lujj'^ii  AHinrMit  r^hanni^ls  f  —  IflO  IcT-T? 

60 

70 

dB 

6 

nVa 

nvs 

POWER  SUPPLIES 

Positive  Supply  Curroit 

Idd 

M  =  OV 

19 

26 

mA 

Power  Dissipation 

r> 

•^DISS 

95 

1  sn 

mw 

ljKj  f  ower  ouppiy  isficcuiiii  iuuhj 

U.Ul 

/o/™ 

Pnw^r  ^iivmlv  Rnnoip 

PSR 

V  

4.75 

5.00 

5,25 

ft  't  1 

V 

l^lUl  1  ALt  API JrU  1 9 

1  ^IglC  xugu 

V 

...  1 

2.4 . 

V  'J 

T  YMnc  T  .AW 

V„ 

0.8 

V 

Ttmiit  f^iiTmt 

T, 

±10 

vjHpMmiwntic 

c 

ML 

o 

pr 

Tnmit  rVvlincr 

Binuj 

DIGITAL  OUTPUT 

Logic  High 

VoH 

Iqh  =  ~0.4  mA 

3.5 

V 

Logic  Low 

Vol 

loL  =  1.6  mA 

0.4 

V 

TIMING  SPECIFICATIONS 

Input  Clock  Pulse  Width 

tcH>  tL 

80 

ns 

Data  Setup  Time 

40 

US 

Data  Hold  Time 

^DH 

20 

ns 

CLK  to  SDO  Propagation  Delay 

tpD 

120 

ns 

DAC  Register  Load  Pulse  Width 

tLD 

70 

ns 

Preset  Pulse  Width 

tpR 

50 

ns 

Qock  Edge  to  Load  Time 

tcKLD 

30 

ns 

Load  Edge  m  litaaiCaai^  Bdge 

ea 

as 

NOTE 

'DO.  and  DNL  mu  do  not  indnde  upentioD  at  codea  0  dmi  7  dne  u  zno^eak  omint  vghagie.  For  biaa  nbages  ibmR  100  mV  on  Vmar^  INL  and  TOIL  aie 
BMiiiiiaiiied  over  all  codea. 
Spfrifiralioiia  aubject  a  chaaje  wMioiit  notice. 


«EVJ>A 


WAFER  TESTf  JJMITS:  -  Woo  =  +5  V,  ah  V|hX  =  +1.5  V,  V,sfL    0  V,T*  SF-Zrc,  umess  otiiemise  noted. 


ys* 


:    ,  J  i£St 

Parsincter          v ■  ' 

■  ■gywifWM 

fVifidftimiB 

UnitS; 

Integral  Nonlinearity 

INL 

Note  1 

±1.5   ■  ■■'  '' 

LSB  max 

Differential  Nonlinearity 

DNL 

All  Devices  Monotonic,  Note  1 

LSB  max 

Half-Scale  Output  Voltage 

Vhs 

PR  =  0  V,  Set&  D  T  ^W- 

147Sft4|5 ' 

V  min/max 

Input  Resistance  (V^jX) 

l^IN 

D     SSh;  Code  Dependent 

•i  4. 

kO  min 

REF  Low  Resistance 
DAC  Output  Voltage  Range 

OVR 

D  =  ABhJ  Code  Dependent 
R,  =  10  kn  ,, 

0.3 

3 

kn  min 
V  min 

DAC  Output  Current 

loirr 

AVouT  <  25  mV 

±5 

mA  min 

Slew  Rate 

Measured  10%  to  90% 

Positive 

N^jaave        "  ..'r  •  ■ 

SR+  - 
SR"- 

AV^X  =  41^  

flVoirr»  ^K^^f*^   

■  -  1,3 

■  •  1.3 

Positive  Supply  Current 

Idd 

PR  =  0  V 

mA  max 

DC  Power  Supply  Rejection  Ratio 
Logic  Input  ^  ito.f-cj- 

PSRR 

PR  =  0  V,  AVdd  =  ±5% 

0.01 

%/%  max 

 2,4 

V  n>M  ■  ! 

Logic  Input  Low                „,  J  , 

V,i. 

0.8 

V  max  ' 

Logic  Input  Current 

Il 

±10 

M.A  max 

Logic  Output  High 

VoH 

loH     ~0'4  mA 

3.5 

V  min 

Logic  Output  Low 

Vox, 

loL  =  1.6  mA 

0.4 

V  mail 

NOTE 

Electrical  tests  are  performed  at  wafer  probe  to  the  limits  shown.  Dve  to  variationii  mm^^^  m^js^  i|4  g^p|i.)ael4  loss,  yield 
gtmianteed  for  standard  product  dice.  Consult  factory  to  negotiate  specificatiom  M 


"OUT 


FS  — 

ZS  - 


DETAIL  SEniAL  DATA  INPUT  TIMING 
(PR.-1,-V|„  =  1.5V,V„efL  =  0V) 

m   1  — ■-  

(DATA  lil)     B  , 


SDO  1 
(DATA  OUT)  0 


^^^^ 


HxiV 

■■■J 


MO 

oa« 

tKfiO 

tot 


rr 
•:t 


ar 


•^^h'   ^   ■  ■      . . — i--:  '■-'^.o"  '■' — '  '  — ^    f  t1  LSg ERBORBAWB 


W«"n> 
PRESET  TtMINa 


Vout("=hI 


1 


tpR   ^ 


MEV.m 


ffAC-8841  ~~ 

ABSOLUTE  MAXIMUM  RATINGS  

(T^  =  +25°C,  unless  otherwise  noted) 

Vdd  to  GND   '<i\  .     .Xl'^03  V,  +7  V 

VinXioGND  ,..  Vdd 

VrepL  to  GND    Vdd 

VourXtoGND   Vdd 

Short  Circuit  IqutX  to  GND   Continuous 

Digital  Input  &  Output  Voltage  to  GND   Vdd 

Operating  Temperature  Range 

Extended  Industrial:  DAC-8841F   -40°C  to  +85°C 

Maximum  Junction  Temperature  (Tj  max)  ........+  150°C 

Storage  Temperature   -65°C  to  +150°C 

Lead  Temperature  (Soldering,  10  sec)   +300°C 

Fackagl:%wer  Dissipation   (Tj  Max  -  T^J/ejA 

Thennal  Resistance  6ja 

Cerdip   6VaW 

P-DIP  ,  .  57Xm 

SOIC-24  .  7(PC/W 

DAC-8841  HN  DfiSCRffTION 


 Wm  CONHGURATIONS 


Pin 

Mnemonic 

Description 

1 

DAC  C  Output 

2 

VoutB 

DAC  B  Output 

3 

DAC  A  Output 

4 

V,„B 

DAC  B  Reference  Input 

5 

V«A 

DAC  A  Reference  Input 

6 

DAC  Input  Reference  Low 

7 

PR 

Preset  Input,  Active  Low,  All  DAC  Registen 

8 

V,„E 

DAC  E  Rsferance  Input 

9 

V,„F 

DAC  F  Reference  Input 

10 

DAC  E  Output 

11 

DAC  F  Output 

12 

VoutG 

DAC  G  Output 

13 

VoutH 

DAC  H  Output 

14 

V».G 

DAC  G  Reference  Input  > 
DAC  H  Reference  Input 

IS 

WmH 

18 

U) 

Loed  DAC  Register  Strobe,  Active  High  Input 
that  Transfers  the  Data  BItS  from  the  Serial 
input  Register  into  the  Decmled  DAC 

Register.  See  Table  i 

17 

CLK 

Serial  Ciocli  Input,  Positive  Edge  Triggered 

18 

SDO 

Serial  Data  Output,  Active  Totem  Pole  Output 

19 

GND 

Ground     

20 

SDi 

Serial  Data  Input  

Positive  S  V  Power  Supply 

21 

VpD 

22 

V,„D 

DAC  D  Reference  Input   

23 

V,nC 

DAC  C  Reference  Input      c     —            <  . ' 

24 

VoutD 

DAC  D  Output 

VoJtC{7  • 
VootB  E 
W*  E 

V|nB  E 

v,nA  E 
Vref"-  E 
PR  E 

V|nE  E 
VinF  E 

VoutE  lio 

VoutF  E! 
VoutG 


DAC-8841 

TOP  VIEW 
(Not  to  Scale) 


B^outD 
a|  v,nC 

i  Vind 

13  Vdd 

^  SDI 

is]  GND  ' 
li]  SDO 
it]  CLK 
16]  LD 
is]  V|nH 
14]V|nG 

13]  VoutH 


DICE  CHARACTERISTICS  j,  >!  (  .^., 

DIE  SIZE  0.117  X  0.185  inch,  21,645  sq.  mfls 

(2.9718  X  4.699  mm,  13.964  sq.  mm) 

The  die  backside  is  electrically  common  to  V^q. 


1'    1      1                  i          ;       !  -!  

15  16 

1  1 
17          18  1 

1 

9  20 

1-  VoutC 

13.  VoutH 

2.  VoutB 

14.  V,nG 

3.  Vqut* 

15.  V,nH 

4.  V,„B 

16.  LD 

5.  V,nA 

17.  CLK 

18.  SDO 

7.  PR 

19.  GND 

^  ^ t  

8.  V,nE 

20.  SDI 

9.  V,nF 

21.  Voo 

10.  VoutE 

22.  V,nD 

11.  VoutF 

23.  V,„C 

12.  VoiiiB^ 

a4.VouTD- 

CAUnON   '  '  " 

BSD  (electrostatic  disdiaige)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  eniB^^^e£lc£l^ 
static  fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shuntsl  The  proi^eQW  foam 
should  be  <B«AMiBd<a>^dM>'it*i*'^r'*'™  sodcet  before  devices  are  inserisd. 
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DAC-8841 


ORDERING  GUIDE 


Model 

Temperature  Range 

Package  Option 

DAC8841FP 

-40°C  to  +85°C 

Plastic  biP 

DAC8841FW 

-40°C  to  +85°C 

Cerdip  ^ 

DAC8841FS 

-40°C  to  +85°C 

SOIC  • 

DAC8841GBC 

-25°C 

Dice 

-Jr.. 


For  devices  processed  in  total  compliance  to  MIL-STD  883y,coatii^ 


Table  I.  Serial  Ittpot  DeewriTAie- 


Dl 

02 

D3 

04 

DS 

m 

MSB  07 

LSB  AO 

Al 

A2 

MSB  A3, 

MSB 

LSB 

A3 

A2 

Al 

AO 

DAC  Updated 

1° 


-TTT^ 


No  Operation 


MSB 

LSB 

D7 

06 

DS 

04 

03 

D2 

01 

OO 

OAC  Output  VoHiEe 

VOUT  =  D/12»  (VIN  -  VREFL)  +  VREFL 

-  — »  — 


0 


0  - 


•      «    «  1 


0  •  •  0 
a      e      •  1 


'  •KW:^  -  VREFL)  -I-  Vffilte 


U7/128  (VIN  -  VREFL)  +  VHBn.'. 
VIN  (Preset  yiluc) 


254/128  (VIN  -  VREFL)  +  VREFL 
255/128  (VIN  -  VREFL)  +  VREFL 


Table  n.  Logic  Control  Inpi^  Truth  TMt 


LD 

PR 

Input  Shift  Register  Operation 

X 

L 

L 

H 

No  Operation 

X 

L 

H 

Shift  One  Bit  In  from  SDI  (Pin  20), 

Shift  One  Bit*  Out  from  SDO  (Pin  18) 

X 

X 

L 

L 

All  DAC  Registers  =  80h 

X 

L 

H 

H 

Load  Serial  Register  Da^a  into 

DAC(X)  Raster 

'Data  shifted  ii 

to  the  SDI  pin  appears  twelve  clocks  later  at  the  SDO  pin. 

f  Mil 


■0,16 Ml.-.-'  ^-J* 


«EV,  A 


OIGITAL-TO-ANALOGeONvemt»&  !^113S 


3    "  %Nf^*t'**lt*'%i^s#|H!^^ 


^  0 


DAC>  A,  B,  C,  D  SUPERIMPOSED 


T»  =  25-C 
V„  =  5V 
V,,  X  =  1.5V 
Vbef  >-  =  lOOmV 


I  1  1- 

DACt  E,  F.  G,  H  SUPERIMPOSED 

T^fvtH^Ull^4^^ 


64  128  192  256 

DIGITAL  INPUT  CODE  -  Decimal 


Figure  2.  Linearity  Error  vs.  Digital 
Input  Code 


1  1 

.  Tj  =  -55.25. 
V,„X  =  1.5V 

1 

65  C 

EpL 

100r 

nV 

Ml 

d 
tar 

T 

64  128  192 

DIGITAL  INPUT  CODE  -  Decimal 


Figure  3.  Linearity  Error  vs.  Digital 
Code  vs.  Temperature  -  -  - 


1.501 
1.500 


1  1.407 
#  1.496 
1.495 
1.494 
1.493 


1 

_  Vdd  •  5V 
Vref  l  =  0 
  V,„X  =  1.S 

V 
V 

PF 

TEMPERATURE  - ^C 

Figure  4.  Half  Scale  vs.  Temperature 

.  ■■■I 


a  0.8 
0.6 


T — I — r- 

Vfl«L>2.5V 


0      32     M     ae    128   100   lie  22«  2H 
DIGITAL  INPUT  CODE  -  DacMial 

Figure  5.  I^^^L  Input  Currerte  vS: 
Digital  Code  , 


1  M  II  II 

-  Voo=*5V 

V,N  =  IVpp  .  IV 
RL  =  2k£J 
T«  =  2S'C 

r 

n       Ik  ion 

FREQUENCY -Hz 


Figure  6.  Total  Harmonic  Distortion 
.  vs.,  Fnaqiisncy 


^>  2 


Vdd=5V 
-V|N  =  1.5V 
V„„L  =  OV 


^-EO->aS    0.25    so  7S10O12S 
TEMPERATURE  -  'C 


Figure  7.  Vqi 
Tefftperature 
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1 

"do  - 

'load  =  51"*   

VrefL.OV 
T,  =  25-C  — 
1      1  1 

\ 

Figure  8.  Full-Scale  Output  to 
Positive  Saturation 


1  I 

_  Vdo  =  5V 
Ta  =25-c 
-V,„  =t1.5> 

Vref«-  =  ov 

1 

/  — 

D 

ITA 

ALL 

ZER 

OS 

0         100       200       300       400  500 
VourX-mV 

Figure  9.  Zero-Scale  Output  Detail 


Ik  lOk 

FREQUENCY  -  Hz 


Figure  10,  Voltage  Noise  Density  vs. 
Frequency 
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Figure  1 1.  Pulse  Respond 


VOUT 

(50mV/DIV) 


DIGITAL  CODE  =  1 28  -•  1 27 

Figure  13.  Worst  Case  1  LSB  Digital  Step  Change 


LD 

(5V/DIV) 


VoUT 

(IV/DIV) 


DiGITAC'bODE  =  255  -  8  ->  25S 

Figure  12,  Settling  Time 


ime  I 


28 

u 

i 

m  20 
K 
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1  1 

V|N 

X  =  1.5\ 

1 

'dd=6 

V  



\ 

'do  =  5 

V 
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.1 

Figure 


50      -25       0        2S        50       75  100 
TEMPERATURE  -  X 
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DAC-8841 


CIRCUIT  OPERATION 

The  DAC-8841  is  a  general  purpose  multiple-channel  ac  or  dc 
signal  level  adjustment  device  designed  to  replace  potentiometers 
used  in  the  three-terminal  coimection  mode.  Eight  independent 
chaimels  of  programmable  signal  level  control  are  available  in 
this  24-pin  package  device.  The  outputs  are  completely  buffered 
providing  up  to  5  mA  of  drive  current  to  drive  external  loads. 
The  DAC  and  amplifier  combination  shown  in  Figure  18  pro- 
duces two-quadrant  multipUcation  of  the  signal  inputs  applied  to 
V^M  times  the  digital  input  control  word.  In  addition  the  DAC- 
8841  provides  a  1  MHz  gain-bandwidth  product  in  (ht  two- 
quadrant  multiplying  channel.  Operating  from  a  S  V'-jt^'t^ 
supply,  analog  inputs  to  -M.S  V  which  generate  outputs  to 
-^3  V  are  easily  accommodated. 


IN  o — I  p— oVD#e 


R 


 1 


VpUT-^  2  "  Vd«  WHPN  Y„Bp  L  =  PV 
•  2(D/2sa)>V„ 

.(IVi2i4>v,H 

QENERAL  CASE  WHEN  Vref  L  OV: 

VouT  =  (D/128)  «  (Vm  -  VMF  L)  t  VflHf  L 

DAC8841  INPUT-OUTPUT  VOLTAGE  RANGE 


Vref 

♦  5V 
-  =  0V 

D  - 

FF., 

^  D  =  40m 
D  =  0Oh 

*OIIT  *  2  «  ^  (DOSS),  WHERE  D  =  0  TO  2B 

Figure  18,  DAC  Plus  Amplifier  Comtiine'to  Produce  Two- 
Quadrant  i\/lultiplication 

In  order  to  be  easy  to  use  with  a  controlling  microprocessor,  a 
simple  layout-efficient  three-wire  serial  data  interface  was  cho- 
sen. This  interface  can  be  easily  adapted  to  almost  all  microcom- 
puter and  microprocessor  systems.  A  clock  (CLK),  serial  data 
input  (SDI)  and  a  load  (LD)  strobe  pin  make  up  the  three-wire 
interface.  The  12-bit  input  data  word  used  to  change  the  value 
of  the  internal  DAC  registers  contains  a  4-bit  address  and  8-bits 
of  data.  Using  this  combination,  any  DAC  register  can  be 
changed  without  disturbing  the  other  devices.  A  serial  data  out- 
put (SDO)  pin  simplifies  cascading  multiple  DAC-8841s  without 
adding  aMfes^  d^odd't^s  to  tlt^^tem.  '  '  ' "'  J- 


During  system  power  up  a  logic  low  on  the  preset  PR  pin  forces-  - 
all  DAC  registers  to  80^  which  in  turn  forces  all  the  buffer  am- 
plifier outputs  to  equal  half-scale.  The  transfer  equation  (1) 
shows  that  in  the  preset  condition  (80h)  that  Vqut  will  equal 
V[N.  The  asynchronous  PR  input  pin  can  be  activated  at  any 
time  to  force  the  DAC  registers  to  the  half-scale  code  SOh-  This 
is  generally  the  most  convenient  place  to  start  for  general  pur- 
pose adjustment  applications. 

ADJUSTING  AC  OR  DC  SIGNAL  LEVELS 

The  two-quadrant  multiplication  operation  of  the  PAC-8841  is 
shown  in  Figure  18.  For  dc  operation  the  equation  describing 

the  relationship  between  V,tj,  digital  inputs  and  Vqut 's: 

Vqjip)  =.  {D/m)  X  iViN  -  VrefL)  +  VkefL  (1) 
wbere  Z)  is  a  decimal  number  between  0  and  2SS. 

The  actual  output  voltages  generated  with  a  fixed  1.5  V  dc  input 
on  Vm  and  VrefL  =  0  V  are  summarized  in  this  table. 


Comments 

Decimal  Input  (D) 

Vout(D) 

(V,^,  =  1.5V,VbefL  =  0V) 

0 

0.000  V* 

Zero  Scale 

1 

0.012* 

2 

0.024* 

127 

1.488 

128 

1.500 

Half  Scale  =  Vq, 

129 

1.512 

254 

2.976 

255 

2.988 

Full  Scale  ' 
(FS)  -  2  X  V™ 

*See  "Opetalion  Iiiteui^^i^Y^T'g 

Notice  that  the  output  polarity  is  the  same  as  the  input  polarity 
when  the  DAC  register  is  loaded  with  2SS  (in  binary  =  all 
ones).  Also  note  that  the  output  does  not  exactly  equal  two 
times  the  input  voltage.  This  is  a  result  of  the  R-2R  ladder  DAC 
chosen.  When  the  DAC  register  is  loaded  with  0,  the  output  is 
VkepL-  The  actual  voltage  measured  when  setting  up  a  DAC  in 
this  example  will  vary  within  the  ±1  LSB  linearity  error  specifi- 
cation of  the  DAC-8841.  The  actual  voltage  error  would  be 
±0.012  V. 

Operation  Near  ground  -  The  input  stage  of  the  internal  buffer 
amplifier  fimctions  down  to  groimd,  but  the  output  stage  cannot  . 
pull  lower  than  the  internal  ground  voltage.  When  a  DAC  out- 
put tries  to  output  a  voltage  ^  or' below  the  internal  ground  po- 
tential, it  saturates  and  appeto  like  a  SO  O  resistor  to  groimd. 
The  typical  saturation  volugs  appearing  at  the  output  is  20  mV, 
see  Figure  9.  The  100  mV  worst  case  zero-scale  voltage  specifi- 
cation t^eOs  thiS'saturatioi^  effea,  including  the  worst  case 
.  ..anridpated-variation  of  the  internal  ground  resistances,  quies- 
cent currents  and  buffer  sinking  current.  Linearity  is  measured 
between  code  8,o  and  code  2S5,o  to  avoid  this  safiiration  effect. 
^,  Ij;  summary,  the  transfer  function  of  each  DAC  Will  be  a 
straight  line  from  code  8  to  code  255  when  Vr^pL  =  0  V.  For 
input  codes  0  to  7,  some  DAC  outputs  will  be  saturated  in  the 
zero-scale  output  voltage  region;  therefore,  changing  digital  code 
0  to  1  may  not  change  the  output  voltage  when  Vk^fI'  =  0  V. 
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SIGNAL  INPUTS  (V^A,  Bi  CrB,  E;  F,  G,  H) 
The  eig^t  independent  Vq^  inputs  have  a  code  dependent  input 
resistance  whose  worst  case  minimum  value  is  specified  in  the 
electrical  characteristics  table.  Use  a  suiuble  amplifier  capable  of 
driving  this  input  resistance  in  parallel  with  the  specified  input 
capacitance,  lliese  rdference  inputs  are  designed  to  receive  not 
only  dc,  but  ac  input  voltages.  This  results  ftom  the  incorpora- 
tion of  a  true  bilateral  analog  switch  in  the  DAC  design,  see 
Figure  19.  The  DAC  switch  operation  has  been  designed  to  op- 
oate  in  the  break-before-make  format  to  minimize  transient 
loading  of  the  inputs.  The  reference  input  voltage  range  can  op- 
erate from  ground  (GND)  to  1.5  V.  That  is,  the  i^ioatiDg  input 
voltage  range,  when  VftgiiL  =  D  ¥»,is: 

ov< Vt,.^r^nkv~-^_^  ]  &) 


mJ  . 


Figure  19.  DAlCrWtif  trimO/^  BquivOlma  i 
(One  Channel} 


Wit 


The  reference  inputs  can  withstand  input  voltages  up  to  Vdd\ 
however  due  to  the  internal  amplifier's  gain  of  two  configura- 
tion, the  output  voltage  of  the  circuit  reaches  its  maximum  spec- 
ified value  of  3  V  when  the  input  voltage  equals  1.5  V  and 
VrefL  =  0  V;  see  Figure  18. 

The  reference  low  input  VrepL  is  the  bottom  end  of  the  DAC 
(see  Figure  18).  This  input  is  normally  tied  to  ground;  however 
it  can  be  biased  above  ground.  When  VgEpL  is  biased  Sbove 
ground,  its  value  and  tbK  ef  Vn«X  Aeukt  be  chosen  iit  «|pe> 
ment  with  Equation  3. 

VoaT^yDD-2V  (3) 

Also  for  the  general  case  the  headroom  restriction  to  Vdd  for 
VinX  and  VrefL  is  given  by  Equation  4. 

V,^^,  V^^L  ^V^^-2V  (4) 

According  to  the  above  equations,  the  DAC-8841  can  only  be 
operated  under  certain  combinations  of  Vj^X  and  VrepL.  The 
shaded  area  in  Figure  20  defines  the  theoretical  allowable  ranges 
of  operation.  Note  that  Vrj,fL  can  be  biased  higher  than  V,nX. 
Linearity  will  vary  with  the  reference  voltages  and  supply  condi- 
tions. If  a  symmetrical  output  ac  signal  is  desired,  then  the  sym- 
metrical ac  input  on  V,^X  should  be  offset  to  VkspI"  The 
output  agial  will  then  be  wkh  leqMct  to  li^^^. 


IVsVhEF>-3 

Voo-w 

lf*6  :)#.CI  al»tUl  il  »1  5-,;S    T  ri 


Rgure  20.  DAC-8841  Input  Voltage  Operating  Boundaries 

For  example,  biasing  VrepL  equal  to  one  volt  would  accept  a 
1  V  p-p  ac  input  signal  on  Wy^.  This  input  signal  could  then  be 
tttmuiOed  or  gmsi «  giu»-af-two  depending  on  the  DAC  data 


DAC  OUTPUTS  (VouT*.  B,  C,  D,  E,  F,  G,  H) 

The  eight  D/A  converter  outputs  are  fully  buffered  by  the  DAC- 
8841s  internal  amplifier.  This  amplifier  is  designed  to  drive  up 
to  1  kfi  loads  in  parallel  with  200  pF.  However  in  order  to  min- 
imize internal  device  power  consumption,  it  is  recommended 
whenever  possible  to  use  larger  values  of  load  resistance.  The 
amplifier  output  stage  can  handle  shorts  to  GND;  however,  care 
should  be  taken  to  avoid  continuous  short  circuit  operation.  See 
Figure  16  "DAC  output  current  versus  Vqut-X"  graph. 

The  amplifier  output  is  guaranteed  to  operate  to  within  2  V  of 

under  all  load  conditions  and  temperature.  Figure  8  shows 
typical  operation  to  positive  output  saturation  with  a  5  mA  load. 

The  low  output  impedance  of  the  buffers  minimizes  crosstalk 
between  analog  input  chaimels.  At  100  kHz  70  dB  of  chaimel- 
to-chaimel  isolation  exists.  It  is  recommended  to  use  good  cir- 
cuit layout  practice  such  as  guard  traces  between  analog 
chaimels  and  power  supply  bypass  capacitors.  A  0.01  |iF  ce- 
ramic in  parallel  with  a  l-IO  )iF  tantulum  capacitor  providex  a 
good  power  sui^y  bypass  tot  most  frequencies  encounietal 

DIGITAL  INTERFACING   

The  four  digital  input  pins  (CLK,  SDl,  LD,  PR)  of  the  DAC- 
8841  were  designed  for  TTL  and  5  V  CMOS  logic  compatibil- 
ity. The  SDO  output  pin  offers  good  fanout  in  CMOS  logic 
applications  and  can  easily  drive  several  DAC-8841s. 

The  Logic  Control  Input  Truth  Table  II  describes  how  to  shift 
data  into  the  internal  12-bit  serial  input  register.  Note  that  the 
CLK  is  a  positive  edge-sensitive  input.  If  mechanical  switches 
are  used  for  breadboard,  product  evaluation  they  should  be  de- 
bounced  by  a  flipflop  or  other  suitable  means. 

The  required  address  plus  data  input  format  is  defined  in  the 
Serial  Input  Decode  Table  I.  Note  there  are  8  address  states 
that  result  in  no  operation  (NOP)  or  activity  in  the  DAC-8841 
when  the  active  high  load  strobe  LD  is  aLiivated.  This  NOP  can 
be  used  in  cascaded  applications  where  only  one  DAC  out  of 
several  packages  needs  updating.  It  takes  12  clocks  on  the  CLK 
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the  processor  needs  to  activate  the  LD  strobe  to  have  the  DAC- 
8841  decode  the  serial  register  contents  and  update  the  target 
DAC  register  with  the  8-bit  data  word.  This  needs  to  be  done 
before  the  thirteenth  positive  clock  edge.  The  timing  require- 
ments are  in  the  electrical  characteristic  table  and  in  the  Figiu-e 
1  timing  diagram.  After  twelve  clock  edges  data  initially  loaded 
into  the  shift  register  at  SDI  appears  at  the  shift  register  output 
SDO. 

There  is  some  digital  feedthrough  from  the  digital  input  pins. 
Operating  the  clock  only  when  the  DAC  registers  require  updat- 
ing minimizes  the  effect  of  the  digital  feedthrough  on  the  analog 
signal  channels. 

Figure  21  shows  « tbne-wiie  interface  for  a  sin^  DAC-8841 
that  aaHy  cascades  for  mnlc^  pacicages. 


figure  21.  Thne-Wire  Interface 
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DEVICES 


12-Bit  High-Speed  Multiplying 
D/A  Converter 


PM-6012: 


FEATURES 

•  Differential  Nonllnearlty.. 

•  Nonllnearlty  

•  F^st  Settling  Time  „ 

•  High  Compliance. 


±1/2LSB 

 -w.;0.05% 

 ....  250ns 

.-5Vto+lbV 

 0  to  4mA 

 1 2  Bits 


Differential  Outputs  .....^....j 
Guaranteed  Monotonldt^. 

Low  Full-ScaleTempco  „i^„..,-  10ppm/°C 

Circuit  Interface  to  TTL,  CMO^;%Bi;i>MOSmMCS 

Low  Power  Consurnptlon  „„  ...  225mW 

Industry  Standard  AM601 2  PInout 


The  PM-601 2  combines  a  9-bit  master  D/A  converter  with  a  3- 
bit  (MSBs)  segment  generator  to  form  an  accurate  12-bit  D/A 
converter  at  low  cost.  This  technique  guarantees  a  very  uniform 
step  size  (upto±1/2  LSBfromthe  ideal),  monotonicityto  12bits 
and  integral  nonlinearity  to  0.05%  at  its  dSfelMilial«urrei)t  out- , 
puts.  In  order  to  provide  the  same  perforMieaoiM)  aJt2M  R-; 
2R  ladder  design,  an  integfeibfipoliaeartty  aii«Klenip||ii|q{e<fi%| 
1/2  LSB  (0.012%)  would  tjcf  fSsqulrSdr 

The  250ns  settling  time  with  low  glitch  energy  and  low  power 
consumption  are  achieved  by  careful  attention  to  the  circuit 
design  and  stringent  process  controls.  Direct  interface  with  all 
popular  logic  families  is  achieved  through  the  logic  threshold 
tcirminal.  ^ 


ORDERING  INFORMATION ' 


PACKAGE 

OPERATING 
TEMPERATURE 
RANGE 

±1/2LSB 

BM6012ER' 

COM 

±1LSB 

PM6012FR  PM6012HS 

XINO 

tlLSB 

PM6012HR  PM6012HP 

XIND 

Continue<^ 


PIN  CONNECTIONS 


riumber.Corisult  factory  for  883  data  sheet.  ' '  ~   

CetOIPrfiailte  fiap,  awd-lBiiw  pMlceaw.  .  ..  1  


GENERAL  D^CRIPTION 

The  PM-6012  series  of  12-bil  multiplying  digltal-to-analog  con»  

verters  provide  high  speed  with  guaranteed  performance  to 
0:01 2%  differential  nonlifij^ity  over,^  f  uy^(nmer|cal  oper^^ 
Ing  temperature  range. 


20-PIN  HERMETIC  DIP 
(R-Suffix) 

(P-Suffix) 

20-PIN  SOL 
'  (S-Suffix) 


FUNCTIONAL  DIAGRAM 
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LOGIC  SWITCHES 
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9-BIT  R-2R 
D/A  CONVERTER 
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Manufactured  under  one  or  more  of  the  Ibllowino  patei^s:  4,055,773;  4,056,740;  4,092^9. 
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GENERAL  DESCRIPTION  Continued 

High  compliance  and  low  drift  characteristics  (as  low  as  1 0ppni/ 
°C)  are  also  features  of  the  PM-6012  along  with  an  excellent 
power  supply  rejection  ratio  of  ±.001  %  FS/%AV.  Operating  over 
a  power  supply  range  of +5/ -1 IV  to  ±18V  the  device  consumes 
225m  W  at  the  lower  supply  voltages  with  an  absolute  maximum 
dissipation  of  375mW  at  the  higher  supply  levels. 

With  their  guaranteed  specifications,  single  chip  reliability  and 
low  cost,  the  PM6012  device  makes  excellent  building  blocks 
for  A/D  converters,  data  acquisition  systems,  video  display  driv- 
ers, programmable  test  equipment  and  other  applications 
where  low  power  consumption  and  coiApMeln^uVAJtpMVrdr- 
satility  are  required. 

ABSOLUTE  MAXIMUM  RATING?  (Note  1) 

Operating Temperaturer. ,,1  i  .i,'  •:'  j.^ 

PM-6012E  r.  0°Cto+70°C 

PIVI-601 2F,  PM-601 2H   -40°C  to  +85''C 

Junction  Temperature  -65°C  to  +  1 50°C 


^  ■ 

storage  Temperature  (T.)   -65°C  to  +12S 

Lead  Temperature  (Solaering,  60  sec)   +300°C 

Power  Supply  Voltage  ±18V 

Logic  Inputs  ,  -5Vto  +18V 

Analog  Current  Outputs  -8Vto  +12V 

Reference  Inputs  V,^,  V,^  V-to  V+ 

Reference  Input  Differential  Voltage  (V,^,  V,^)  ±18V 

Reference  Input  C.urtentO,,)  1.25mA 

PACKAGE  TYPE  e,^(N0te2)  UNITS 

20-Pin  Hermetic  DIP  (R)  76  11  °C/W 

20-Pin  Haslic  DIP  (P)   69  27  'C/W 

20-Pin  SOL  (S)  88  25  'C/W 

NOTES: 

1 .  Absolute  maximum  ratings  apply  to  packaged  parts,  unless  otherwise  noted. 

2.  is  specified  for  worst  case  mounting  conditions,  i.e.,  is  spocHMB^ 
devica  in  socket  for  CerDIP  and  P-DIP  packages:  e^^  Is  specified  for  device 
soldered  to  printed  circuit  board  for  SOL  package. 


ELECTRICAL  CHARACTERISTICS  at  Vg  =  ±15V,  l^^p  =  1 .0mA,  0°C«T^»70°C  for  PM-6,q)2E  and  -A0°CaT^x+S5'C  for  PM-6012F, 
PM-6012H,  unless  otherwise  noted.  Output  characteristics  refer  to  both  l^^j.^  and  iQ^y. 


PM-601 2E 

PM-6012F 

PM6012H 

PARAMETER 

SYMBOL 

CONDITIONS 

IMIN 

TYP  MAX 

MIN 

TYP  MAX 

MIN  TYP 

MAX 

UNITS 

Resolution 

12 

- 

12 

- 

12  — 

Bits 

Monotonicity 

12 

12 

12 

- 

Bits 

Differential  i^^^ 

r*"'*'^  («(>hie-3) 

Deviation  from  Ideal 

fUtm  %l7A  /Mnta  9\ 

OUO  &J 

-  ±0.0125 

—  ±0.5 

-  ±0.0250 

—  *1 

±0.0250 

%FS 
LSB 

I 

Monllnearity 

IM. 

Deviation  froni  Ideal 
Straight  Line  (NdtSST  

-  iO.05 

-  ±0.05 

±0.05 

%FS 

Full-Scale 
Current 

<rs 

V„^P=  10.000V 
R,j  =  R,,=  lO.OOOkQ 

3.967 

3.999  4.031 

3.935 

3.999  4.063 

3.935  3.999 

4.063 

mA 

(Note  2) 

Full-Scale 

±5  ±20 

±10  ±40 

±80 

ppmrc 

Tempco 

±0.0005  ±0.002 

±0.001  ±0.004 

Output  Voltage 
{Compliance 

Voc 

DNL  Specifications 
Guaranteed  Over 
Compliance  Range 

-5 

+10 

-5 

+10 

-s 

+10 

V 

Full-Scale 
;  Symmetry 

'f8S 

I'fsI-I'fsI  _ 

±0.4  ±1 

±0.4  ±2 

±0.4 

±2 

HA 

zero-Scale 
j  Current 

'zs 

0.10 

0.10 

0.10 

mA 

Tox1/2LSB,AIIBlts 

Settling  Time 

's 

Switched  ON  or  OFF 
(Note  1) 

250  500 

250  500 

250 

500 

ns 

Propagation 
Delay - 
Ail  Bits 

•pHL 

All  Bits  Switched 
50%  Point  Logic  Swing 
to  50%  Point  Output 

25  50 

25  50 

25 

SO 

ns 

(Note  t) 

Output 
Resistance 

"6 

S-TO 

>1B 

»W 

Output 
Capacitance 

20 

20 

20 

PF 
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ELECTRICAL  CHARACTERISTICS  at  Vs=±15V,  lpgp=1.0mA,  O'CaT.aro'C  for  PM-6012E  and ~40°i 
PM-6012H,  unless  otherwise  noted.  Output  characteristics  refer  to  both  lQj.,.and  (Q^ConHnued 


PARAMETER        SYMBOL  CONDITIONS 


PM-6012E 
MIN       TYP  MAX 


PM-6012F 
MIN       TYP  MAX 


MIN 


UNITS 


Logic  Input 
Levels  "0" 


OS 


J  g .  . .  i«. ....  miO  -. OAT        TU" .  (J^) 


Logic  Input 
Levels"!" 


-GND 


Loglclnput 
Current 


V,„=.-5IO+18V 


40 


40 


40 


Logic  Input 
Swing 


Reference  Bias 


-2 


0       -0.5         -2  |lA 


Reference  Input 
Slew  Rate 


dliidl 


C.  =  OpF  (Note  1) 


Power  Supply 
Sensitivity 


PSSL, 


V+  =  +1 3.5V  10+1 6.5V, 
V-  —15V 

V-  .-13.SVto-16.SV, 
V+-+15V 


•  ±0.0005  ±0.001 


-  ±0.0002  ±0.001 


±0.0005  ±0.001 


-±0.00025  ±0.001 


±0.0005  ±0.001 


-±0.00025  ±0.001 


Power  Supply 
Range 


V+ 
V- 


4.5 
-18 


18 
-10.8 


4.5 
-18 


18 
-10.8 


4.5 
-18' 


-10.8 


'1  V 


Power  Supply 
Current 


U 
I- 
1+ 
I- 


V+=+SV.V— 1W  1- 
V+.+lSV.V'— 1WL 


3.3  7 

-13.9  -18 

3.9  7 

-13.9  -18 


3.3 
-13.9 

3.9 
-13.9 


33  7 

-13.9  -18 

3.9  7  mA 

13.9  -18  .  Si-i 


Power 
Disslpalion 


V+-+5V,V-— 15V 
V+-+1SV,V— -1SV 


225 
287 


305 
375 


225 
287 


305 


^  > 


NOTES:  ■ 

1.  Guaranteed!^ design:  'I 

2.  T,  .  2S°c  for  Plhl-ebiZKr  grade  orityt ' 


-T 


-  4—^  -- 


!  /  1 
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TYPICAL  PERFORMANCE  CHARACTERISTICS 


OUTPUT  CURRENT  vs 
OUTPUT  VOLTAGE 
(OUTPUT  VOLTAGE  COMPLIANCE) 


REFERENCE  AMPLIFIER 
COMMON-MODE  RANGE 


OUTPUT  COMPLIANCE 
vs  TEMPERATURE 


V(-|  =  -10.8V 
I 


ALL  BITS  ON 


-14     -10       -6       -2        2         6        10  14 
OUTPUT  VOLTAGE  (VQLT^ 


IbEF- 1.0mA 

i 

f 

N 

)TES; 
P0S1T1 
IS  ALW 
NEGAT 

k/E  com 

AYS  (VI- 
VE COW 

AON  Ma 

-1.2SV 
MON  U 

DE  VOL 

3DE  VO 

AGE 
TAGE  - 

IS  ALWAYS  (V- 

+  1.8  +  ( 

|ref  =  o.b 

mA 

i 

i 

-^A  "  ''"mIN  ™  '''ma 
Al  1  RITS  OM 

K   

<RE 

F  =  0.2 

{ 

( 

:  SHADED  AREA  INDICATES 
^  PERMISSIBLE  RANGE  OF 
;  OUTPUT  VOLTAGE  WITH 
\  V(-M-15V.lf,gp-    1,0mA,  ; 
i  FOR  OTHER  V(-l  OR  IpEp.  ■■ 
:  SEE  OUTPUT  CURRENT  VI  i 
!  OUTPUT  VOLTAGE  CURVE  - 


r  REFERENCE  COMMON  MODE  tVOLTS) 


-100      -50         0  50        100       150  200 


POWER  SUPPLY  CURRENT  vs 
POWER  SUPPLY  VOLTAGE 


POWER  SUPPLY  CURRENT 
vs  TEMPERATURE 


TRUE  AND  COMPLEMENTARY 

OUTPUT  OPERATION 


4.5 
4v0 

3.5 

B 

t- 

3.0 

z 

cc 

cc 

3 

-9 

VQi 

-10 

1 

-11 

-12 

S 

2 

-13 

-14 

-15 

4  6  8  10  12  14  16  18  20 
POWER  SUn>LY  VOLTAGE  (VOLTS) 


(000000000060) 


0111  11111111) 


TEMPERATURE  ("O 


REFERENCE  AMPLIFIER  REFERENCE  AMPLIFIER 

SMALL-SIGNAL  LARGE-SIGNAL  GAIN  ACCURACY  vs 

FREQUENCY  RESPONSE  FREQUENCY  RESPONSE  REFERENCE  CURRENT 


0.01  0.1  1  10  0;01  0.1  1  10  0     0.1   0.2   0.3  0.i  O.S   0.6   0.7   0;8  0.9  1.0 
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BASIC  CONNECTIONS 

BIPOLAR  OFFSET  (TRUE  ZERO) 


R14"— — —  "RIB  J   1  

1.0II1A  >  R15  0    OPTIONAL  FOR 

<  lOWl        /\  rt  COMPLEMENT 

Wref      f  Tawi»Tio« 
"wf"£SS     X  o 


NOTE:  _ 
CODE  MAY  BE  COMPLEMENTED  BY  REVERSING  Iq  &  Iq 


CODE  FORMAT 


OUTPUT  SCALE 


MSB 

B1    B2  B3 


LSB 

B7    BS     B9    BIO    B11  B12 


■o 

(ikA) 


■o 

(mA) 


yqut 


Offset  binary; 
true  zero  output. 

fOO* 


Positive  full  scale  1 

Positive  full  scale  —  LSB  1 

Wi'    +LSB  0^9 

Zeroacale        '  f 

•it    -LSB  0 

Negative  full  scale  1- LSB  0 

f4egatlve  full  scele  0 


1        1         1         1  3.999  0.000  9.9961 

1  1  1  0  3.898  0.001  9.9902 
p      ig.»»«|llllle<tll'>v '2>aM'>'<< 'MS' ''•IBUia 

grio'mPi    0  2.000  1.99B  0.000 

1111  1.999  2.000  -0.0049 

0       0        0        1  0.001  3.998  -9.9951 

0       0        0        0  0.000  3.999  -10.000 


2's  complement; 
true  zero  output 


Positive  full  scale 
Positive  full  scale  —  LSB 

Zetu  SGWte "  ■ 

-1  LSB 

Negative  full  scale  +  LSB 
Negative  full  scale 


0 

-0 


1 


1  1  3.999  0.000  9.9951 

1  0  3.99S  0.001  9.9902 

0  0  2.000  1.9»  0:000 

1  1  1  999  2  000  -0.0049 
0  1  0.001  3-998  -9.9951 
0  0  0.000  3.999  -10.000 


!-t,l!.Y 


I 
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BASIC  CONNECTIONS 


BASIC  UNIPOLAR  OPERATION 


VrefI-i 


CODE  FORMAT 


OUTPUT  SCALE 


MSB 

81    B2  83 


81    86    87  sa 


LSB 

810    811  812 


(mA)  (mA) 


"OUT 


straight  binary;  Positive  full  scale 

unipolar  witti  true  input  Positive  full  scale  —  LSB 
code,  true  zero  output.  LSB 

Zero  Scale 


3.999  0.000  9.9976 

3.998  0.001  9.9951 

0.001  3.908  0.0024 

0.000  3.999  0.0000 


Cwnplemantary  binary; 

PoslttvafullKsala  . 

0  0 

0 

0     »  Q 

0  0 

0  0 

0 

0 

0.000  3.999 

9.9976 

unffxilarwmt 

Positive  full'soale  LSB 

0 

0> 

S     0  0 

0  0 

0  0 

0 

1 

0.001  3.998 

9.9951 

complemeritary  input 

LSB 

1  1 

1 

1      1  1 

1  1 

1  1 

1 

0 

3.996  0.001 

0.0024 

code,  true  zero  output 

Zero  scale 

1  1 

1 

1      1  1 

1  1 

1  1 

1 

1 

sttn  onm 

SYMMETRICAL  OFFSET  OPERATION 


.  'MfMHnjkpmia  0di«l 


R14 

^akn 


5£.  Ao 


"OUT 

— o 


>  R3        >  F 

r  I 


MS 

9 

LS8 

'o 

lo 

CODE  FORMAT 

OUTPUT  SCALE 

81 

82 

83 

84 

B< 

86 

87 

86 

BS 

810 

811 

812 

(mA) 

(mA) 

Vqut 

StniBMotfssI  binary: 

Positive  full  seal* 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

3.999 

0.000 

9.9876 

symrrwtrica!  about  zero, 

Positive  full  scale  —  LSB 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

3.998 

0.001 

9.9927 

no  true  zero  output 

'.  +  '  Zero  scale 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2.000 

1-999 

0,0024 

(-  Zero  scale 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1.999 

2.000 

-0.0024 

Negative  full  scale  —  LSB 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0.001 

3.998 

-9.9927 

Negative  fuii  scale 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

OiOdO 

8,899 

-9.9876 

1'scompiement; 

Positive  full  acftle 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

3.999 

0.000 

9.9976 

symmetrical  about  zero. 

Positive  full  scale -LSB 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

3.998 

0.001 

9.9927 

no  true  zero  output 

1+)  Zero  scale 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3000 

1  999 

0  0024 

MS8  c  Qi.llplSjlllsi.l^Kt 

l-i  Zero  scale 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1,999 

2.000 

-0  0024 

(MMtmMMM-WHI). 

Negative  fuii  scale  —  LSB 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0.001 

3.998 

-9.9927 

Negative  full  scale 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.000 

3.999 

-9.9976 
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APPLICATIONS  INFORMATION 

RSFEl^ENdE  AMt>t£lPieM  S&ijP 

The  PM-601 2  is  a  multiplying  D/A  converter  in  which  the  output 
current  is  the  product  of  a  digital  number  and  the  input  reference 
current.  The  reference  current  may  be  fixed  or  may  vary  from 
nearly  zero  to  +1 .0mA.  The  full  range  output  current  is  a  linear 

noit 


4096 
Where 


■I, 


In  positive  reference  applications,  an  external  positive  refer- 
ence voltage  forces  current  through  R,  ^  into  the  +V^gpterminal 
(pin  1 4)  of  the  reference  amplifier.  Alternatively,  a  negative  ref- 
erence may  be  applied  to  -Vpgp  at  pin  15.  Reference  current 
flows  from  ground  through  R.,^  into  +Vpgp  as  in  the  positive  ref- 
erence case.  This  negative  reference  connection  has  the  ad- 
vantage of  a  very  high  impedance  presented  at  pin  1 5.  The  volt- 
age at  pin14  is  equal  to  and  tracks  the  voltage  at  plh15.  The 
voltage  at  pin  1 4  Is  equal  to  and  tracks  the  voltage  at  pin  1 5  due 
to  the  high  gain  of  the  internal  reference  amplifier.  R.^  (nomi- 
nally equal  to  R,^)  is  used  to  cancel  bias  current  errors. 

Bipolar  references  may  be  accomodated  by  offsetting  V^^p  or 
pin  15.  The  negative  common-mode  range  of  the  reference 
amplifier  is  given  by:  V^^^^-  =  V-  plus  (l^^p  x  3kn)  plus  1.23V. 
The  positive  common-mode  range  is  V+  less  1 .8V. 

When  a  DC  reference  is  used,  a  reference  bypass  capacitor  is 
recommended.  A  5.0V  TTL  logic  supply  is  not  recommended  as 
a  reference.  If  a  regulated  power  supply  is  used  as  a  reference, 
R,  ^  should  be  split  Into  two  resistors  with  the  junction  bypeissed 
to  ground  with  a  O.lnF  capacitor. 

For  most  applications  the  tight  relationship  between  l^^p  and 
Ip3  will  eliminate  the  need  for  trimming  If  required,  full- 
scale  trimming  may  be  accomplished  by  ac|Mll8'^h0«ialtie  of 
R.i^,  or  by  using  a  potentiometer  for  R.,^. 

The  reference  amplifier  must  be  compensated  by  using  acapacitor 
from  pin  1 6to  V-.  Forfixed  reference  operation,  aO.OIjiF  capacitor 
is  recommended.  For  variable  reference  applications,  see  section 
entitled  'Reference  Amplifier  Compensation  for  Multiplying 
Applications.' 

MULTIPLYING  OPERATION 

The  PM-6012  provides  excellent  multiplying  performance  with 

an  extremely  linear  relationship  between  Ip^  and  over  a 
range  of  1  mAto  1|j.A.  Monotonic  operation  is  maintained  over  a 
typical  range  of  l^gp f rom  1 00|iA  to  1 .0  mA.  Although  some  deg- 
radation of  gain  accuracy  will  be  realized  at  reduced  values  of 
IpigP  (see  Gain  Accuracy  vs.  Reference  Current  graph). 

REFERENCE  AMPUFIER  COMPENSATION  FOR 
MULTIPLYING  APPLICATIONS 

AC  reference  applications  will  require  the  reference  amplifier  to 
be  compensated  using  a  capacitor  from  pin  1 6  to  V-.  The  value 
of  this  capacitor  depends  on  the  impedance  presented  to  pin  1 4 
forR^^vfhiescif  1.G,2J  andS.OI«a,iiihi|||g^i[^at^GpaF« 


5,1 0  and  25pF.  Larger  values  of  R,^  require  proportionately  in- 
creased values  of  C^  for  proper  phase  margin. 

For  fastest  response  to  a  pulse,  lowvalues  of  R.,^  enabling  small 
values  should  be  used.  If  pin  14  is  driven  by  a  high  Imped- 
ance such  as  a  transistor  current  source,  none  of  the  above 
values  will  suffice  and  the  amplifier  must  be  heavily  compen- 
sated which  will  decrease  overall  bandwidth  and  slew  fat»JS^ 
^  =  1  kn  and  =  5pF,  the  reference  amplifier  slews  at  Amflf 
US  enabling  a  transition  from  Ip^p  =  0  to  lpgp=  1mA  in  250ns.  1 

Operation  with  pulse  inputs  to  the  reference  amplifier  may  be 
accommodated  by  an  alternate  compensation  scheme.  This'- 
technique  provides  lowest  full-scale  transition  times.  An  inter- 
nal clamp  allows  quick  recovery  of  the  reference  amplifier  from 
a  cutoff  (Ippp  =  0)  condition.  Full-scale  transition  (0  to  1mA) 
occurs  in  62.5ns  when  the  equivalent  impedance  at  pin  14  is 
800fl  and  C^,  =  0.  This  yields  a  reference  slew  rate  of  SmA/jis 
which  is  relatively  indepamiBnt  of  R„^  andV,^  values. 

LOGIC  INPUTS 

For  V-  =  -15V,  the  logic  inputs  may  swing  between  -5  and 
+1 OV.  This  enables  d  irect  interface  with  + 1 5V  CMOS  logic,  even 
when  the  PM-601 2  is  powered  from  a  +5V  supply.  Minimum  in- 
put logic  swing  and  minimum  logic  threshold  voltage  are  given 
by:  V-  plus  (1^^^  x  3kn)  plus  1 .8V.  The  logic  threshold  may  be 
adjusted  over  a  wide  range  by  placing  an  appropriate  voltage  at 
the  logic  threshold  control  pin  (pin  13,  V|^j,).  The  appropriate 
graph  shows  the  relationship  between  V^^,  and  V.^^^  over  the 
temperature  range,  with  V^^^  nominally  1 .4  atxjve  Vj^^.  For  TTL 
interface,  simply  ground  pin  13.  When  interfacing  ECL,  an  Ipgp 
<  1mA  is  recommended.  For  general  setup  of  the  logic  control! 
circuit,  it  should  be  noted  that  pin  1 3  will  sink  7mA  typical;  exter-- 
nal  circuitry  should  be  designed  to  accommodate  this  current. 

ANALOG  OUTPUT  CURRENTS 

Both  true  and  complemented  output  sink  currents  are  provided 
where  Ig  +  'o  =  'fr-  ^^"^'^^  appears  at  the  "true"  output  when  a 
"1"  is  applied  to  each  logic  input.  As  the  binary  count  increases, 
the  sinkcurrent  at  pin  1 8  increases  proportionally,  in  the  fashion 
of  a  "positive  logic"  D/A  converter.  When  a  "0"  is  applied  to  any 
input  bit,  that  current  Is  turned  off  at  pin  l^and  turned  on  at  pin 
19.  A  decreasing  logic  count  increases  1^  as  in  a  negative  or 
inverted  logic  D/A  converter.  Both  outputs  may  be  used  simulta- 
neously. If  one  of  the  outputs  is  not  required  it  must  still  be  con- 
nected to  ground  or  to  a  point  capable  of  sourcing  1^^,;  do  not 
leave  an  unused  output  pin  open. 

Both  outputs  have  an  extremely  wide  voltage  compliance  ena- 
bling fast  direct  current-to-voltage  conversion  through  a  resistor 
tied  to  ground  or  other  voltage  source.  Positive  compliance  is 
25  V  above  V-  and  is  independent  of  the  positive  supply.  Nega- 
tive compliance  is  +10  above  V-. 

The  dual  outputs  enable  double  the  usual  peak-to-peak  load 
swing  when  driving  loads  in  quasi-differential  fashion.  This  fea- 
ture is  especially  useful  in  cable  driving,  CRT  deflection  and  in 
other  balanced  applications  such  as  driving  center-tapped  coils 
and  transformers. 
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POWER  SUPPLIES 

The  PM-601 2  operates  over  a  wide  range  of  power  supply  volt- 
ages from  a  total  supply  of  20V  to  36V.  When  operating  with  V- 
suppliesof-1  OV  or  less,lp,gpSl  mA  is  recommended.  Low  refer- 
ence current  operation  decreases  power  consumption  and  in- 
creases negative  compliance,  reference  amplifier  negative 
common-mode  range,  negative  logic  input  range,  and  negative 
logic  threshold  range;  consult  the  various  figures  for  guidance. 
For  example,  operation  at  -9V  with  Ip^p  =  1  mA  is  not  recom- 
mended because  negative  output  compliance  would  be  re- 
duced  to  near  zero.  Operation  from  lower  supplies  is  possible, 
f^f^aSt'  however,  at  least  8V  total  must  be  applied  to  ensure  turn-on  of 
the  internal  bias  network. 

Symmetrical  supplies  are  not  required,  as  the  PM-6012  is  quite 
insensitive  to  variations  in  supply  voltage.  Battery  operation  is 
feasible  as  no  ground  connection  is  required;  however,  an  artifi- 
cial ground  may  be  used  to  ensure  logic  swings,  etc.,  remain 
between  aoeepta^|b  Rmks. '  i  H>  u^9tm»(^^.■J 

SETTUNGTIME 

The  PM-6012  is  capable  of  extremely  fast  settling  times,  typi- 
cally 250ns  at  Ipgp  =  1 .0mA.  Judicious  circuit  design  and  careful 
board  layout  must  be  employed  to  obtain  full  performance  po- 
tential during  testing  and  application.  The  logic  switch  design 
enables  propagation  delays  of  only  25ns  for  each  of  the  12  bits. 
Settling  time  to  within  1/2  LSBof  the  LSB  is  therefore  25ns,  with 
each  progressively  larger  bit  taking  successively  longer.  The 
MSB  settles  in  250ns,  thus  determining  the  overall  settling  time 
of  250ns.  Settling  to  10-bit  accuracy  requires  about  90  to  130ns. 
The  output  capacitance  of  the  PM-6012  including  the  package 
is  approximately  20pF;  therefore,  the  output  RC  time  constant 
dominates  settling  time  if  RL  >  SOOn. 

Settling  time  and  propagation  delay  are  relatively  insensitive  to 
logk:  input  amplitude  and  rise  and  fall  times,  due  to  the  high  gain 
of  the  logic  switches.  Settling  time  also  remains  essentially 
constant  for  Lpp  values  down  to  0.5mA,  with  gradual  increases 


for  lower  Ip^p  values  lies  in  the  ability  to  attain  a  given  output 
level  with  tower  load  resistors,  thus  reducing  the  output  RC  time 

constant. 

Fastest  operation  can  be  obtained  by  using  short  leads,  mini- 
mizing output  capacitance  and  load  resistor  values,  and  by 
adequate  (bypassing  at  the  supply,  reference,  and  V^^  terminals. 
Supplies  do  notrequife  large  electrolytic  bypass  capacitors  as 
the  supply  current  drain  is  independent  of  input  togic  states; 
0. 1  capacitors  at  the  supply  pins  ploy  icl^i$||^  ti;ansiei$prot{!^ 
tion. 

DESCRIPTION  OF  OPERATION 

The  PM-6012  is  divided  into  two  major  sections,  an  8-segment 
generator  and  a  9-bit  master/slave  D/A  converter.  In  operation 
the  device  performs  as  follows  (see  Simplified  Schematic). 

The  three  most  signif  teant  bits  (MSBs)  are  inputs  to  a  3-to-8  line 
decoder.  The  selected  resistor  (R^  in  the  figure)  is  connected  to 
the  miister/siave  9-bit  D/A  converter.  All  lower  order  resistors 
(R.  through  R^)  are  summed  into  the  line,  while_all  higher 
oraer  resistors  (R,  through  Rg)  are  summed  Into  the  1^  line.  The 
Rg  current  supplies  512  steps  of  current  (0  to  0.499mA  fora  1  mA 
reference  current)  which  are  also  summed  into  the  1^  or  1^  lines 
depending  on  the  bits  selected.  In  the  figure,  the  code  selected 
is:  100  110000000.  Therefore,  2mA  (4  x  0.5mA/segment) 
+0.375mA  (from  master/slave  D/A  converter)  are  summed  into 
Iq  giving  an  l^  of  2.375mA.  Iq  has  a  current  of  1.625m A  with  this 
code.  As  the  three  MSBs  are  incremented,  each  successively 
higher  code  adds  0.5mA  to  1^  and  subtracts  0.5mA  from  Iq,  with 
the  selected  resistor  feeding  its  current  to  the  master/slave  D/A 
converter;  thus  each  increment  of  the  3  MSBs  allows  the  current 
in  the  9-bit  D/A  converter  to  be  added  to  a  pedestal  consisting  of 
the  sum  of  all  lower  order  currents  from  the  segment  generator. 
This  configuration  guarantees  monotonicity. 
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PM-6012 


SIMPUFIED  SCHEMATIC 


3T0  8  LINE  DECODER 


B5       86  a? 
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LOGIC  CONTROL 
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1 2-BIT  FAST  A/D  CONVERTER 


n 


S  CC  DO 
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Si 


V     V  V 


0.001 

0.001 

NOTE: 

DEVICE(S)  CONNECTED  TO  ANALOG  INPUT  MUST  BE  CAPABLE  OF  SOURCING  4.0fnA. 
A  BUFFER  (S9.  BUF-03)  MAV  BE  REQUIRED. 


CONVERSION  TtWlE  vs  ACCURACY 
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Selection  Tree 


S/D  Converters                       ^  ■  "  ■ 
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MOTION  CONTROL  PRODUCTS 

Fosition-to-Digital 
Converters 


Resolvei-to-Digital 


AD2S46  (16-Bit) 
AD2S47  (16-Bit) 
AD2S80A  (10-  to  16-Bit) 
AD2S82A  (10-  to  16-Bit) 
AD2S83  (10-  to  16-Bit) 
AD2S34  (Dual  Channel,  14-Bit) 
SDC/RDC1740  (14-Bit,  Iso) 
AD2S81A  (12-Bit) 
AD2S44  (Dual  Channel,  12-Bit) 
SDC/RDC1741  (12-Bit,  Iso) 
SDC/RDC1742  (12-Bit,  Iso) 
AD2S90  (12-Bit) 


LVDT-to-Digital 


2S56  (16-Bit) 
2S58  (16-Bit) 
2S54  (14-Bit) 

AD2S93  (Monoliflilc,  UrVm 
2S50  (11-Bit) 


Digital-to-Resolver 
Converters 


16-Bit 


DRCa746 
AD2|66, 


14-Bit 


DRC1745 
AD2S65 


It. 


Synchro/Resolver  Support 
Components  . 


Signal  Conditioning 


AD2S75  (Sig  &  Ref  Isolation) 
IPA1764  (Inductosyn""  Prean^) 


Reference  Oscillators 


AD2S99  (Monolithic) 
OSC1758  (Hybrid) 


Vector  Transformation 


AD2S100 
AD2S110 
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Digital-to-Synchro  and  Resolver  Converters 


Model 


*A02S6S  14 
DRa746  16 


Res  Output  Accniacy 
Bits  Fonnat'  arc  mins 


R 
R« 


±2,  ±4' 

±2,  ±4' 
±2,  ±4' 


Driving 

CapabiUtjr  Hz 
2.0VA'  4«^^<00 


Reference    Reference  Signal 
Fieqnency  Input  Volt  Output  Volt  Transfonaat 
Options      Options      Options  Output 


2.flVA« 


dG-:>2600 
dc-»2«00 


V  rms 
0-^3.4 


0-^3.4, 


Vrms 
P-4.8 


0-^.8 
0->6.8 


Isolations 
,  lbeE«.  STM 


Package  Temp 
Options^  Range' 


Page 


Comments 


^^^Mi2Sf6     16  R 

Motor  Control 


±1,±2,  ±4» 


dc->2600 


0-*3.4  -  0->6X 

i,  F-Hi  r 


Use  Ext.  STM 
1680  and  STM 


UP 


C,M, 

lit 


CI  3-107  DigilBl-to4tesoIv»€onveiter 
widi  Int.  2  VA  Power  Amplifier. 
'  Optional  lnt.  TiansZorb^  Pro- 
tection. 2  Byte  Latched  Inputs 

C|jLj-35     Digital-to-Resolver  Converter. , 
AstonulBm  (AN)  Option 


i! 


t.H'  W  Ct^H  Cf>3^5    Digital-to-R«Mrfn»  eairtn«ir.''^ 
IV.t.     Autonullii*(«1^0plj«<'  '' 


cm 


Model 
*AD2S100 


Desciiplkm 

AC  Vector  Contniller 


cii-ni  m^y 


SynohiilRKolver  Support  Components 


Pidiage 

Temp 

Model 

Description 

Options^ 

Range' 

Page 

Comments 

♦AD2S75 

Signal  and  R^eience  Isolation  for  AD2S80/8I/82 

8  ' 

CM 

CI  3-43 

56-20,000  Hz  Freq,  11.8-115  V  rms  Ref,  11.8/26/90  V  rms  Input 

*AD2S99 

Monolithic  Sine  Wave  Oscillator  Reference 

5 

I 

C I  3-101 

2.0-20  kHz  Frequency  rai 

ige,  Miase  Shift  Compensation 

*OSC1758 

Hybiid  Sine/Cosine  Power  OsdIlitDp'  - 

8 

C,  M 

C  I  3-117 

0.0-10  kHz  Frequency  Ra 
1.5  W  Output  Power 

nge,  In-phase  and  Quadrature  OUIj^Ms, 

•IPA1764 

Inductosyn  Preamplifior  . 

8  : 

CM 

CI  3-115 

Gain  of  1250  ±5% 

J     ( i 

Cerdip;  4  =  Ceramic  Leadless  Chip  Carrier;  5  =  Plastic  Leaded  Chip  Carrier;  6  =  Small  Ontfme  **SO!Kr  Fuklg^ 


'S  =  Synchro;  R  =  Resolvcri  I  =  Inductosyn. 

^Package  Options:  1  =  Hermetic  DIP,  teramic  or  Metal;  2  =  Plastic  or  Epoxy  Sealed  DIP;  3  = 

7  =  Hermetic  Metal  Can;  8  =  Hermetic  Metal  Can  DIP;  9  =  Ceramic  Flatpack;  IT)  =  Plastic  Quad  Flatpack;  U  =  Single-In-Line  **SIF*  Package;  12  =  Ceramic  I^eaded  Chip  Carrier;  13  =  Nonhemwcic  Oemskl 
Glass  DIP;  U  =  J-Leaded  Ceramic  Package;  15  =  Ceramic  Pin  Grid  Array;  16  =  TO-92. 

'Temperature  Ranges:  C  =  Commercial,  0"^  to  +70°C;  I  =  Industrial,  -AQX.  to  -^^^i^^mimtSll^l^^^  +85*0;  M  =  MiUtary,  -55X  to  +125X. 
''Synchro  fonnat  output  with  external  output  transformer  STM1683. 

'Depends  on  option.  -  .  .  —  .  .   -       -     -  -   —  —   

^Can  be  used  with  pulsating  power  supply  for  reduced  dissipation. 
Boldface  type.:  prpduct  ripcommended  for  itiew  desi^. 
*New  product  since  the  publication  of  the  most  rewnt  Datab 
''^^nD^Zortvil   badfifwric  OH  Sca]aic»nductt>r  Industries,  Inc. 
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Selection  Guide 

Synchro  and  Resolver  Converters 


Synchro,  Resolver,  Inductosyn^  and  LVDT-to-Digital  Converters 


„lfes .  ,Inpi|t  Accwacy  Optioiis 
Bite      Foimat*  arc  mins  levi/sec' 


Trackiiig  Rate  Reference 


Model 

SDC«Qia741v  U 1  «  '  *IS.3 

SDORIKIW  12 .  Si- ft  ....  ''iS.S' 

*AD2S8fA*'  ■   12  '  i;r'     '  ±I*» 


18 
18 


Fieqnency        Input  Package  Temp 
OptimsHz        bol    Options^  Range'*  Page 

,400,2.6kA<      Yei    8  C,M     CI  3-119 


S,  R  ±5.3 


2SS4 


2SS6 


2SS8 

*AD2S8I»V> 


14         LVDT  ±0.006' 


16        LVDT  ±0.006' 


16       LVDT  ±0.003' 


*AP2S83 


*AD2S34 


♦AD2S46 


16, 14,  ft         .  ±8  -)! 


400,2.6  k 
400-^20  k 


16, 14,  I,  R  *2,  ±4,  ±8  1040'*' 
12, 10» 


12  400,  2.6  k 

360  LSB/ms"    360^5  k 

m  imim^^  360-^  k 

680  LSB/ms*    7  k-»ll  k 
■  50-20 k  • 


■Yes  ^8  ....  ;  'Cj.M^  :;C'I3Ma9 
^...^  ''^'^^'•■''clI^- 


Yes  8  CM     CI  3-119 

No  8  C,  M     CI  3-137 

No  8  C,M     CI  3-137 

No  8  C,M     CI  3-137 

No  1,4  C,  I,  M  C1'3^S 


*AD2S82A'        16,14,  I,  R        ±2,  ±4,  ±8  1040" 
12,10' 


50-20  k  No     5  C  CI  3-71 


1040  »     ;  '1 


■«>.       NB'-Ffijiv    It  G«3-87 


.  V.fiin        ■  ..■"•■.7.  .  , 

,  r-L'-drij,."' 

14        R  ±2.6,  ±4.0  20i-4»- 


16        S,  R       ±1.3,  ±2.6  12 


2.«it)».'0  k     No     12         M        CI  3-7 


0.4->2.6  k 


No  1 


M 


C  1 3-23 


Comments 

Tiistate,  Latched  Output 
Internal  Transformer  Isolation 
Tristate,  Latched  Output 
Internal  Transformer  Isolation 
Monolithic,  User  Selectable  Dynamic 
Characteristics,  High  Tracking  Rate, 
Quality  Velocity  Output,  Class  2  ESD 
Tristate,  Latched  Output 
Internal  Transformer  Isolation 
Direct  Ratiometric  Conversion 
of  LVDT  Signal,  Selectable 
Inpnt  Gain.  No  External  Trims 
Direct  Ratiometric  Conversion 
of  LVDT  Signal,  Selectable 
Input  Gain.  No  External  Trims 
Direct  Ratiometric  Conv«siott  of 
LVDT  Signal,  Wg^tGl^'Wm-LiBear 
Moiliiiithtc/Uii«r  Sd£ctabliil>Jfiiianic 
Characteristics,  and  Resolution  Hij^ 
Tracking  Rate  and  Quality  Velocity 
Output,  Class  2  ESD 
Monolithic,  User  Selectable  Pjtnamic 
ChaiacteartMs,  aii^]U«eliii«>^fi^ 
Tracking  Bate  andXhuH^'  vyto^<J!- 
Output,  Class  2  ESD 
Monolitihic,  User  Selectable  ^ 
jO^iniamic  Characteristics,  and 
Resolution  High  Tracking  Rate  and 
±0.25%  Linearity  Velocity  Output 
Dual  Channel  Resolver-to-Digital 
Converter  with  Onboard  Oscillator. 
No  External  Trims 
16  Bit  Resolver/Synchro-to-  _ 
Digital  Converter,  1.3  arc  min 
in  a  28-Pin  DIP  Ceramic 
Package.  No  Eattenial  Trims 


Model 
*AD2S44 


Res 
Bits 

12 


Input  Accuracy 
Fannat*  afcmins 


Tracking  Rate  Reference 


Options 
revs/sec^ 


S,R 


±2.6,"  ±4.0,  20 
±5.2 


*AD2S90 
*AD2S47 


*AD2S» 


12,10  R 
16, 14    S,  R 


±8 

±1.3,  ±2.6 


375,  1500 
5,20 


14 


LVDT  "  fti;0t05%  ■  ^fBD 


Frequency 
Options  Hz 

0.4-^2.6k 

■i  _    ^'  1-"' 

2.0^10.0  k 
200,400 


2.0-10.0  k 


Input  Package  Temp 
Isol     Options'  Range^ 


No  8 


No 
No 


No 


M 


C,I 
M 


C 1 3-15 


C  I  3-93 
C I  3-31 


CI3-97 


Comments 

Dual  Channel  Resolver/ 
Synchro-to-Digital  Converter  ' 
with  Loss  of  Track  Detection. 
No  External  Trims 

Low  Cost  RDC,  Encoder-Like  Output 
Second  Source  for  NATEL  HSRDC 
1006/56,  75  mW  Power  Consumption, 
MIL-STD-883 

14-Bit  LVDT-to-Digital  Converter  - 


'S  =  Synchro;  R  =  Resolver;  I  =  Inductosyn. 

^Revs/sec  equivalent  to  pitches/sec  in  the  case  of  an  Inductosyn;  in  general,  higher  reference  frequency  options  have  higher  tracking  rates. 

'Package  Options:  1  =  Hermetic  DIP,  Ceramic  or  Metal;  2  =  Plastic  or  Epoxy  Sealed  DIP;  3  =  Cerdip;  4  =  Ceramic  Leadless  Chip  Carrier;  5  =  Plastic  Leaded  Chip  Carrier;  6  =  Small  Outline  "SOIC"  Pai 
7  =  Hermeiic  Metal  Can;  8  =  Hermetic  Metal  Can  DIP;  9  iCetamic  Flatpack;  10  =  Plastic  Quad  Flatpack;  II  =  Single-In-Line  "SIP'  Package;  12  =  Ceiamic  Leaded  Chip  Carrier;  13  =  Nonhermetic  O 
Glass  DIP;  14  =  J-Leaded  Ceramic  Package;  IS  =  Counic  Fiii  &tid  Acray;  I«  -  TO-92. 

Tempeiatuie  Ranges:  C  =  GommocilU  91 »  *39'fel "  MttMt  s*WC-*6  ttfflC  ^qKiMjnMiets  -25T  to  *85"p)l^=  ^JiHtaiy,  -55°G  to. + 125°C. 
'Die  Revision.    •        '  *         ™  ^  j»  j  J  Jf  *  S  B   ?3  5  5  •-■  -  "S       ►  :    '  - 

•Consult dau sheet.  '   '  -  .    -  ,  ...  ^  _ 

^LVDT  converter  accuracy  given  as  %  full-scale  linearity. 

'Slew  Rate  (min). 

'Resolution  is  user  selectable. 
'"Depends  on  resolution  selected. 

"±2.6  arc  min  only  available  over  0°C  to  70°C.  '  '  '  h 

'-^New  product  since  the  publication  of  the  most  recent  Databooks.  -  4- 

.  ^lltductosyn  is  a  roistered  trademark  of  Farrand  Industries,  Inc. 
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Orientation 

S/D  Converters 


These  products  constitute  a  complete  line  of  devices  for  the  digi- 
tal measurement  and  control  of  angular  and  linear  displacements 
by  means  of  synchros,  resolvers,  Inductosyn®,  and  LVDT 
transducers. 

All  use  the  tracking  conversion  technique  whereby  the  digital 
output  follows  the  transducer  shaft  angle  automatically  without 
the  need  for  convert  commands  or  wait  loops.  Apart  from  pro- 
ducing near  instantaneous  digital  angular  data,  this  inherently 
ratiometric  conversion  method  is  yay  tolennit  of  mrise  on  the 
signal  inputs  as  well  as  voltage  drops  betwttn  the  tnmsdiictr 
and  the  converter. 

In  addition  to  the  monolithic  int^rated  drcuits  and  hybtids  tliat 
perform  the  conversions,  the  line  also  includes  support  compo- 
nents sudi  as  power  osdOatois,  tfansfonnecs  md  preanqdifiers. 

The  range  of  products  now  available  covers  a  wide  spectrum  of 
i^lications.  Synduo  and  resolver  transducers  are  used  in  a 
wide  variety  of  commercial,  industcM,  and  military  applications 
where  extreme  reliability,  ruggedness,  and  absolute  angular  posi- 
tion information  are  desirable.  These  transducers  have  a  number 
of  advantages  over  potentiometers  and  optical  encoder  based 
systems.  The  combination  of  an  ac  excited  transducer  with  the 
technique  of  synchronous  demodulation  of  the  error  signal  by 
the  converter  inherently  guarantees  repeatability  to  1  LSB  of  the 
slated  resolution  of  the  converter.  In  addition,  the  location  of 
the  electronics  may  be  many  hundreds  of  feet  from  the  trans- 
ducer, allowing  use  in  electronically  hostile  envhoumeats  unsuit- 
able for  other  types  of  transducers. 

In  this  section,  the  word  "synchro"  appears  frequently.  In  many 
cases,  the  word  "resolver"  can  be  used  in  its  place.  The  mono- 
lithic and  some  of  the  hybrid  converters  (options  x  10,  x  13, 
X 14,  X 18)  accept  resolver  format  input.  If  the  input  signals  are 
3-wire  synchro  format,  a  "Scott-T"  transformation  converts  it  to 
resolver  format.  For  our  monolithic  devices,  this  can  be  easily 
accomplished  using  the  AD2S7S  universal  transformer  isolated 
interface. 

In  this  introductory  section,  there  is  a  brief  set  of  device  defini- 
tions. Detailed  data  and  applications  information  are  given  in 
the  individual  data  sheets.  For  complete  information  about  the 
synchro/resolver-to-digital  converters  and  their  applications. 
Analog  Devices  has  a  208-page  book.  Synchro  and  Resolver  CoHr 
version  Handbook,  edited  by  G.  Boyes  (1980). 

Resolver  &  Syncfaio-to-Digital  Converters 

These  devices  accept  4-wirB  resolver  format  (SIN,  COS)  signals 
or  3-wire  synchro  format  (SI,  S2,  S3)  signals  together  with  a 
2-wire  reference  signal,  and  output  a  digital  binary  word  that 
represents  the  absolute  shaft  angle  of  the  transducer.  All  stan- 
dard resolver  and  synchro  voltages  ate  supported. 

LVDT-to-Digital  Convettras 

Linear  Variable  Displacement  Transducer-B>-digital  converters 
provide  conversion  to  12-,  14-  or  16-bit  digital  words  of  an  ac 
modulated  input,  tefeienced  to  a  second  fited  signal  input.  The 
tracking  loop  technique  employed  ensiues  I  LSB  tq)eatability 
and  input  flexilnlity.  The  ^S4/S6/S8  series  oaamxxexs  have  been 
optimized  for  use  bi  yety  iofjk  pcedmm  apf&adons  such  as 
metrology. 

IMgital-to-Resolver  Converters 

These  devices  accept  pandlel  binary  digital  inputs  ai^-^  mi^i  - 
erence  si^ial.  The  output  is  a  4-wire  reiver  f(»maf  signal.  For' 


3-wire  synchro  format  output,  use  our  STM1683  resolver-to- 
synchro  output  transformer,  and  for  references  >3.4  V  rms,  use 
the  STM1680  input  reference  conditioning  transformer.  All 
Stantbrd-'resolver  and  synchro  voltag#.^  < 


AC  Vector  Controller 

This  device  combines  the  fimction  of  Park  and  Clarke  trans- 
forms along  with  coordinate  conversion  on  j  single  monolithic 
chip.  These  constitute  a  key  elenient  in  Veapr  oantml  of  ac 
asynchronous  and  brusbless  dc  motors. 

VdocilT  Ontpnt 

The  rescdver  &  synchix>-to-digital  converters  (MX}s  &  SDCs) 
not  only  provide  absolute  angular  position  information,  but  also 
provide  an  analog  dc  voltage  proportional  to  the  tiansduca's 
shaft  speed.  This  can  be  used  to  exert  second  order  conttvd  in  a 
speed  and  position  loop  motion  control  system. 

Transformer  Isolation 

Our  input  signal  conditioning  drcuits  for  synchro  and  resolver 
inputs  >2  V  rms  are  dther  solid  state  or  transformer  based  (e.g., 
1740,  41,  42  series).  Our  transformer  based  hybrids  utilize  a 
imique,  patented  miniatiure  transformer  technology  and  provide 
input  isolation  to  3S0  V  dc.  This  protects  and  isolates  the  elec- 
tronics of  a  system  from  the  hostile  and  electromagnetically  noisy 
environments.  The  AD2S7S  is  a  imiversal  transformer  isolated 
(1,000  Vdc)inteifiiGe  and  cover&aU  standard  synchro  and  tesotver 
volq^.  'lie.AD2S7S  is  particularly  wdl  suited  for  use  widi  all 
oar'monaliddc  RD^  (AO2S80  series)  and  some  hybrid  RDCs. 

Snppott  Devices 

We  also  offer  support  components  such  as  power  oscillators 
(OSC17S8),  transformer  based  synchro/resolver  signal  c«mdi- 
tioning  (AD2S7S)  resolver-to-synchro  output  transformer 
(STM1683),  and  Inductosyn  preamplifiers  (IPA1764). 

BIT  WEIGHT  TABLE 

The  most  common  method  of  representing  angles  in  digital  form 

is  simple  natural  binary  weighting,  where  the  most  significant 

bit  (MSB)  represents  180°,  the  next  represents  90°,  etc.  The  fol- 
lowing table  shows  bit  wdghts  in  degrees,  minutes,  seconds, 
and  radians. 

#                   Arc  Arc  MilU- 

Bits   D^recs    Minutes  Seconds  Radians  radians 

1  180.0000    10800.0000  648000.00  3.1416  3141.S900 

2  90.0000     S400.0000  324000.00    1.S708  1S70.79S0 

3  4S.0000     2700.0000  162000.00  0.7854  78S.397S 

4  22.5000     1350.0000  81000.00  0.3927  392.6988 

5  11.2500      675.0000  40500.00  0.1963  196.3494 

6  5.6250       337.5000  20250.00  0.0982  98.1747 

7  2.8125       168.7500  10125.00  0.0491  49.0873 

8  1.4063        84.3750  5062.50  0.0245  24.5437 

9  0.7031        42.1875  2531.25  0.0123  12.2718 

10  0.3516        21.0938  1265.63  0.0061  6.1359 

11  0.1758        10.5469  632.81  0.0031  3.0680 

12  0.0879         5.2734  316.41  0.0015  1.5340 

13  0.0439         2.6367  158.20  0.0008  0.7670 

14  0.0220         1.3184  79.10  0.0004  0.3835 

15  0.0110         0.6592  39.55  0.0002  0.1917 

16  0.0055         0.3296  19.78  0.0001  0.0959 

17  0.0027         0.1648  9.89  0.0000  0.0479 

18  0.0014  0.0824  4.94  0.0000  0.0240 
19 ,      0.0007         0.0412  "       2.47  .  0.0000  0.0120 

-:M  ~'^  m/iias.      0.0206       i.m  msm  0.0060 
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AD2S34 


FEATURES 
1  in^,  32-Pin  Flatpack 
2.6  Arc  Minute  Accuracy 
14-Bit  Resolution 
On-Board  Oscillator 
Independent  Reference  Inputs 
Independent  Velocity  Outputs 
High  Traclcing  Rata 

APPLICATIONS 
Gimbal/Gyro  ConllSl 
Radar/Sonar 
Engine  Controllers 
Coordinate  Conversion 
IVIilitarv  Servo  Control 
Fire  Control  Systems 
Avionic  Systems 
Missile  Systems 
Antenna  Monitoring 
CNC  Macliine  Tools 


M 


ikl 


GENERAL  DESCRIPTION  -   

The  AD2S34  series  are  14-bit  dual  channel,  continuous  tracking 
cesolver-to-digital  conveners.  They  have  been  designed  specifi- 
cally for  applications  ^wie  spact  and  wei^t  are  at  a  premium. 
Each  32-pin  hybrid-device  contains  two  independent  Type  H 
servo  loop  tracking  converters  and  a  power  oscillator  suitable 
for  exciting  resolvers.  The  ratiometric  conversion  technique  em- 
ployed by  the  converters  provides  excdlenriKSse  immunity,  re- 
peataUlity  and  toloancie  of  long  Ind  lei^^.  jThe  core  of  each 


FUNCTIONAL 


conversion  is  performed  by  state-of-the-art  monolithic  integrated 
circuits  manufactured  in  Analog  Devices'  proprietary  BiMOS  11 
process  which  combines  the  advantages  of  low  power  CMOS 
digital  logic  with  bipolar  linear  circuits.  The  use  of  these  ICs 
keeps  the  internal  component  count  low  and  ensures  high  reU- 
ability. 

The  converter  interfaces  directly  to  2  V  rms  output  resolvefs.  A 
simple  voltage  divider  circuit  of  resistors  can  be  used  to  derive 
the  2  V  rms  from  other  standard  resolver  voltages. 

An  on-board  oscillator  provides  a  icifie^iee  excitation  for  vfstlts- 
ers  operating  at  either  400  lb,  2.6  kHz  e^^kllz.  Each  dj^fond 
has  an  independent  reference  mput,  dbnnilg  the  user  to  com- 
pensate for  any  resolver  phase  shift  betweoi  ii^uce^  !!^^^ 
(sin,  cos)  and  reference.  'y^^r  ■  '  •  'A 

The  converter  output  is  via  >-tiisat^:|f^WBient  latch  allowing-. 
data  to  be  read  without  inteiTttptlM  »f  c^SWher  operation.'^lii! 
SEL  A  and  SEL  B  control  lines  select  the  channel  and  pri^at 
the  digital  position  to  the  common  data  output  pins.  A  DATS 
VALID  flag  is  provided  to  assist  with  data  transfer. 

 The  AD2S34  also  feattues  two  velocity  outputs,  one  for  each 

cliannel;  these  continuou^y  g^Ueisti  andogi^^^ptopaitjtional 
to  the  rotational  velocity  of     iesolver  ^aAr^fwse  ^^ie^  can 
be  used  in  place  of  velocity  transducers  in  many  appli^ti<HK  to 
provide  loop  stabilizatiaD  and  velocity  feedback  data, 

MODELS  AVAILABLE 

The  AD2S34  series  is  available  in  2  accuracy  grades: 
AD2S34TZ  I4-Bits  2.6  arc  mins  -55°C  to  +125°C 
.:  Ap2S34SZ  14-Bits   4.0  arc  mins -55°C  to +125°C 

BLOCK  DIAGRAM  -qs?  a^aU 

■-  .    ■  IT'S 
.■        ....  %'  - 
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TSIB' CONVERTERS  3-7 


PERFORMANCE  — ^  

Accuracy' 
AD2S34TZ 
-  AD2S34SZ 
'-'Max  Tracking  Rate 
:  AD2S34xZ10 
AD2S34xZ40 
AD2S34xZ60 
Resolution 

•  Repeatability 
Signal/Reference  Frequency 
AD2S34xZ10                             ^.^^  .  „' 
AD2S34xZ40  ' 
'    AD2S34xZ60                   ■  -  '"-i  ■'•^"tl'i-? 
'  Tracking  Bandwidth  "            ■''  '  -■           '■'  .  ■ 
AD2S34xZI0         ' '^■T.'  i'  •■r- 
AD2S34xZ40         "       "            ■  •' 
AD2S34xZ60 

±2.6 
  ±4ifl- 

20 
48 
20 

14 

<1  LSB  =  l.Sarcmin) 
1 

360            400  440 
2340           2600  2860 
3600          4000  4400 

90 

370 
650 

arc  mill 

-55°Cto  +125°C 
-55°C  to  +125'C 

Output  Coding  Parallel 
Natural  Binary 

revs/s 
revs/s 
revs/s 
Bits 

LSB 

Hz 

Hz        .        ...  ,  . 
Hz 

Hz 
Hz 
Hz 

SIGNAL  INPUTS  (SIhf,  fcOS)  ^_ 
Signal  Voltage                    ,   ,    -  .  .. 
AUowable  Phase  Shift         '  '  '  , '  , 

(Signal  to  Reference) 
Input  Impedance 

1.8            2.0  2.2 
±10 

1 

V  rms 

Degrees 
MO 

REFERENCE  INPUTS  (REF  A,  REF  B} 

,Ri^^3^i^ VoltBgQ  . 
'''Tfltowce  ■ 

Input  Impedance                      v,r  'u%  I-  ■ 

1.8            2.0  2.2 
1.4  8.0 
1 

V  rms 
Vpeak 

Mn 

ACCELERATION  CONSTANT 
AD2S34xZ10 
AD2S34xZ40 
AD2S34jtZ60 

53000 

695000 

2164000 

sec~^ 
sec-^ 

STEP  RESPONSE 
Large  Step^  ■' 
AD2S34xZ10  ' 
AD2S34xZ40 

AD2S34xZ60 

:  :    '    •>■  :  ,  .  ■■•):'r->',  .H 
60  72 
30      .;  3ft 
22.5  30 

ms 

ms 
ms 

179°  to  1  LSB 
of  Error 

POWER  LINES  (No  Load  on  REP  OUT) 
+Vs  =  +15  Vdc?                       ,  , 
-Vs  =  -15  V  d<^ 
+Vi.  =  +5  V  dc' 
Power  Dissipation' 

c           40    ■  55 
-       30  45 
1  5 

1.06  1.53 

 i — -  --   1   

mA 
mA' 
mA 

Quiescent  Condition 
Quiescent  Condition 

DIGITAL  INPUTS  (SEL  A,  SEL  B) 

ViH                       :.  :-  -  -  . 

In. 
Im 

  0.8 

2.»  —-  - — 

±100 
±100 

Vdc 

V  dc     j;  - 
(jlA 

'nA 

V,i.  =  OV 
V„  =  5V 

DIGITAL  OUTPUTS  (DB1-DB14,  DATA  VALID) 
Vol'                  ^  L-._,-..^;  ;_  j  '  

Voh'                   '  ; 

Tristate  Leakage  Current'   ' 

Drive  Capability 

~"  -  0.4 

2.4 

±100 
3 

Vdc 
Vdc 
^^A 

LSTTL  Loads 

Iql  =1.2  mA 
loH  =  100  )iA 

3-8  S/D  CONVERTERS 
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Parameter 


Mill 


AD2S34 
Typ 


Max 


Units 


yELqcm  outputs  cvel  a,  vel  b) 

^Lmauity' 

Ai>2S343tZ10 

AD2S34xZ40 

AD2S34xZ60 
Reversion  Error' 
DC  Zero  Offset  @  +25X 

AD2S34xZ10 

AD2S34xZ40 

AD2S34xZ60 
DC  Zero  Offset  Temperature  Coefficient 

AD2S34xZ10 

AD2S34xZ40  ., 

AD2S34xZ60 
Gain  Scaling  Accuracy 
Noise  and  Ripple  at  LSB  Rate 
Dynamic  Ripple  (Peak) 


±7.5 


Vdc 

±1 

%  of  Output 

±3 

%  of  Output 

±1 

%  of  Output 

-4-3 

VO 

22 

55 

mV 

9 

23 

22 

55 

mV 

■ 

-100 

PlV/°C 

-42 

M.V/°C 

-100 

jivrc 

±10 

%  of  FSD  ^ 

2 

mV 

I; 

is 

%cXWetHiOaipm: 

At  Max  Tracking  Rate 


.  id]  ^tialno  xodW 


REFERENCE  OUTPUT  (REF  OUT) 
Frequency' 


AD2S34xZ10 
AD2S34xZ40 
AD2S34xZ60 
Voltage' 


360 

400 

440 

Hz 

jf  -.I 

2340 

2600 

2860 

Hz 

3600 

4000 

4400 

Hz 

5f 

m 

'50-mA 

1000 

ns 

1  =  •) 

ns 

1050 

ns 

.  f  i.fiM.  arf;  OA  .?)!• 

.-     >     .  WE? 

Min  12|iniLoad 


DATA  TRANSFER  (See  Figure  3) 
Time  to  Data  Sable  (After  Negative 

Edge  of  SEL  A  or  SEL  B) 
Time  to  Data  in  High  Impedance  State 
(After  Positive  Edge  of  SEL  A  or 
SEL  B) 

Time  to  DATA  VALID  High  (After 

Negative  Edge  of  SEL  A  or  SEL  B) 
Time  to  DATA  VALID  Low  (After 

Positive  Edtjeaiipa:<a^pii 


40 


tp 


DIMENSIONS 


1.00  X  1.00  X  0.155 
25.4  X  25.4 'IK  3.9 


inch 
intn 


See  Package 
Information 


WEIGHT 


0.254 
7.2 


grams 


THERMAL  RESISTANCE^ 
6jc  Worst  Case  Conqxamt 


35 
31 


°C/W 
°C/W 


NOTES  ...  ,  .    T-;-^       J  -  . 

'Specified  over  mnperatuie  range,  -55*010  +12S'Candfor  (a)  10%  «igml  «iid  refiag^gt  |i|^j|jn»1f  vwihj;^^  agq^l|ii^.,ie|i;nice  lunnonic 

dUtoition;  (c)  5%  pdm  supply  variation;  (d)  10%  wiation  in  refeivnce  frequ^^ 

'To  ensure  that  the  junctiaa  temperature  of  the  honest  campojgent  within  the  hybrid  does  not  exceed  the  rated  mumnum  of  150X7,  the  case  tempeiatiut  ini^ 
noleicxed  130^. 

RoMffr  type  indicates  parameters  which  are  100%  tcaleii  at  oaainal  values  of  pom  aqnilieSi  input  sipial  vohages,  and  opendng  fiequency.  AD  odier 
parameters  ait  guaranteed  by  design,  not  tested.         'If^--  *  * 
Spedficatioas  subject  to  change  without  notice. 
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S/D  CONVERTERS  3-9 


AD2S34 

ABSOLUTE  MAXIMUM  RATINGS 

+Vs  to  GND  «  >-...  i  .  ..■+.17.25  V.dC 

-Vs  to  GND  -17.25  V  dc 

fVc  U>  ONP        '  t-  '  •'•  °  ^ 

Any  lidgk  Input  to  6NIi>  (max)  +7.0Vdc 

Any  Logrc  Iiqjut  to  GND  (min)   -0.4  V  dc 

SIN,  C»S  to  SIGNAL  GND  ±  12  V  dc 

REFA,REFBtoSIGNALGND   ±12  Vdc 

Storage  Temperature  Range  ...........  -65°C  to  +  150°C 

Operating  Temperature  Range  .  -55°C  to  +125°C 

CAUTION  ^ 

1.  Absolute  maximum  ratings  are  the  limits  Wond  ^fech 
damage  to  the  device  may  occur. 

2.  Comet  palarity  voltages  must  be  maintBinfd  on  the  +Vs  and 


ORDERING  WFintMATION 

When  ordering,  the  converter  part  numbers  should  be  suffixed 
by  a  two  letter  code  defining  the  accuracy  grade,  and  a  two  digit 
numeric  code  defining  the  signal/reference  frequency  and  volt- 
age. All  the  standard  options  and  their  option  codes  are  shown 
below.  For  options  not  shown,  please  contact  Analog  Devices. 
AD2S34     X    Z    y    0  B 

I — High-Reliability  Pcocessiiig 
(Opdooal) 

—  0  Signal  2  V  Reference  2  V  Readver 


Base  Pan 

Number  y  =  1  400  Hz  Reference  Frequency 

y  =  4  2.6  kHz  Reference  Frequency 

y  =  6  4.0  kHz  Reference  JFtequency 

Z  =  Leaded  Cnier 

X  =  "T"  -55°C  to  +125t: 

Operating  Temperature  Range 
2.6  Arc  Min  Accuracy 

x  =  "S"^iyCj«>+125'C 

(Renting  Temperature  Rai^ 

'     '   1       !         _    4.0  Arc  Min  Accuracy  ..Jll" 

For  example,  the  correct  part  number  for  a^Gcnnponentfto  oper- 
ate widi'400  Hz rrferoice  frequency  and  havea  2.6  arc  minute  - 
accuracy  over  the  -SS°C  to  +12S°C  temperature  range  and  pro- 
cessed to  high  reliability  standards  would  be  AD2S34TZ10B. 

All  components  are  100%  tested  at  -55°C,  +25°C  and  +125°C. 
Devices  processed  to  high  reliabiUty  screening  standards  (Suffix 
B)  receive  fiirther  levels  of  testing  and  screening  to  ensure  high 
levels  of  reliability. 


RECOMMENDED  OPERATING  CONDITIONS 

Fowl*  Supply  Voltage  (+Vs  to  GND)   + 15  V  dc  ±5% 

^ower  Supply  Voltage  (-V^sjo  GNl?)  , .  ... .  .  -15  V  dc  ±5% 

Power  Supply  Voltage  Vl  .  .  .V.  .  +5  Vdc  ±5% 

Analog  Input  Voltage  (SIN,  COS  te 

SIGNAL  GND)   ..2Vrms±10% 

Analog  Iiqmt  V(dtage  (REF  A,  RBP  B  » 

SIGNAL  GND)  1.0  V  to  8.0  V  Peak 

Signal  and  Reference  Harmonic  Distortion  ±  10% 

Phase  Shift  Between  Signal  and  Refetepfe  . .  . ., .  ±  10  Degrees 
Ambient  {(^>eiadng  Temp^tuie  R«age' ....  -55'^  to  ^^25°C 


PIN  FUNCnON  Dl 


PIN 

MNEMONIC 

DESCRIPTION 

1-14 

DB1-0B14 

PARALLEL  OUTPUT  DATA 

15 

SEL  A 

SELECT  CHANNEL  A  ^, 

16 

SELB 

SELECT  CHANNEL  B 

17 

DATA  VALID 

DATA  VALID 

18 

REF  A 

REFERENCE  INPUT  CHANNEL  A 

19 

REFB 

REFERENCE  INPUT  CHANNEL  p 

20 

LOGIC  POWER  SUPPLV 

21 

+Vs 

POSITIVE  POWER  SUPPLY 

22 

GND 

POWER  SUPPLY  GROUND 

(NOTE:  THIS  PIN  IS  ELECTRICALLY 

CONNECTED  TO  CASE.) 

23 

-Vs 

NEGATIVE  POWER  SUPPLY 

24 

N/C 

NOT  CONNECTED 

25 

REF  OUT 

REFERENCE  OUTPUT 

26 

SIN  A 

SINE  INPUT  CHANNEL  A 

27 

COS  A 

COSINE  INPUT  CHANNEL  A 

28 

SIN  B 

SINE  INPUT  CHANNEL  B 

29 

COS  B 

COSINE  INPUT  CHANNEL  B 

30 

SIGNAL  GND 

GROUND  PIN  FOR  SIGNALS 

FROM  RESOLVERS  ... 

31 

VEL  A 

vELOcrrv  output.  CHAMitai  a 

32 

VELB 

iV^ifCnK  «fliM''i?H*NNEL  B 

^              DB,  [= 

1 

12 

DB.1= 

2 

=3VEL  A 

DB,I= 

3 

30 

SIGNAL  GND 

!»■.= 

4 

29 

=3COSB 

■».■= 

s 

AD2S34 

28 

Z3SINB 

6 

27 

ZZ3C0S.A 

TOP  VIEW 

'.  "•••= 

7 

(NottaScato) 

20 

^8INA 

„  .pa»c= 

t 

2S 

"••■= 

• 

24 

10 

23 

!».•= 

11 

22 

z=:  GND 

DB„C= 

12 

21 

DB,C= 

13 

20 

DB,C= 

14 

19 

=^REFB 

IS 

10 

=3nEFA 

IE1c= 

16 

17 

AD2S34  Terminal  Connections 


BSD  SENSITIVITY  

The  AD2S34  features  input  protection  circuitry  consisting  of  large  "distributed"  diodes  and 
polysilicon  series  resistors  to  dissipate  both  high  energy  discharges  (human  body  model)  and  fast, 
low  energy  pulses  (charged  device  model). 

Proper  ESD  precautions  are  strongly  recommended  to  avoid  functional  damage  or  performance 
degradation.  For  fiirther  infamattion  on  ESD  piecastions,  i^er  to  Analog  Devices'  ESD 
Preoention  Mamial. 
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BEV.  A 


PKINCmfS  OF  OnERATIQN 

The  AD2S34  series  operate  on  a  Type  2  tracking  closed-loop 
principle.  The  output  digital  word  continualljiF  tcsctis  the  posi- 
tion of  the  resolver  shaft  without  the  need  for  external  convert 
commands  and  wait  states.  As  the  transducer  iiK>ves<^||m^^  ^ 
position  equivalent  to  the  least  significant  bit.w^|ght^g^§^|j»n 
put  (feital  woid  js  ujdsted  b|.(j)g4.^.,  i  .  -     <A  v; 
Each  dumnd  is  idleinical'iii  ^^tUsfet,  ^sAtring  p^wer  tmpply  and 
digital  position  output  pins. 

Both  channels  operate  continuously  and  independently  of  each 
other.  The  shared  digital  output  from  either  channel  is  available 
as  selected  by  switching  the  channel  select  inputs. 

To  illustrate  the  conversion  process,  the  resolver  foqnat  input . 
signals  are  represented  by:  ' 

V\  -  K  Eo  shi  wt  sin  V 

V2  =  K  Eo  sin  ojt  cos  6 

where  6  is  the  angle  of  the  resolver  shaft. 

Assimie  that  the  ciu'rent  word  state  of  the  up-down  counter  is 
<|>.  VI  is  multiplied  by  cos  <t>  and  V2  is  multq>lied  by  sin  (|>  to 

give: J,:.  ■:■  -^nt-  . 

These  sipials  aie  isi^ia^Sd  by  the  error  amplifier  to  give: 
K Eo  sin  lot  [sin  6  cos  4>~cos  6  sin  4>) 

or 

K  Eo  sin  cor  jib  (9  —  (!>) 

A  phase  sensitive  detector,  integrator  and  voltage  controlled  os- 
cillatoT,0f(^^J^i^^s^'^Qqp.,$3rstem  which  seeks  to  null  sin 
(e-<ti).  Wh^ods  is  Kcomplished,  the  word  state  of  the  up- 
down  counter,  (|>,  equals,  to  within  the  rated  accuracy  of  the 
converter,  the  resolver  shaft  angle,  6. 


OPTIONAL 
PHASE  LEAD 
on  LAG 

cmcuiT 


CONNECTING  THE  CONVERTER  ,  :>. 

The  power  supply  voltages  connected  to  +Vs  and  -V^  pins  ' 
should  be  -1-15  V  dc  and  - 15  V  dc,  respectively,  and  must  not  :; 
be  reversed^  The  voltage  appUed  to  Vl  should  be  4-  5  V  nomi-  : 
nally.  It  is  jsuggested  that  a  parallel  oogjttilUltipBL.Qf  a  UK).i^,  : 
(ceramic)  and  a  6.8  |jlF  ixsmvdumye^n^mt^bmi  iomiKtU 
of  the  Aree^QP^y  jwistslC^va),  .i  .  V  ;  ^i'" 'i  :"^'  •  and'- 'W 
The  pin  marked  GND  is  connected  electriotUy  to  the  feSMtttP"' 
should  be  taken  to  the  zero  volt  potential  in  the  system.  f 

The  digital  output  is  taken  from  Pins  1-14.  Pin  1  is  the  MSB,  ' 
Pin  12  the  LSB.  Please  see  terminal  connections  diagram. 

The  internal  oscillator  output  (REF  OUT)  should  be  connected 
to  each  resolver  and  via  an  optional  phase  shift  compensation 
circuit  to  the  reference  inputs  (REF  A  &  REF  B).  See  Figure  1  , 
for  suitable  phase  compensation  circuits.  -« 

The  signals  appUed  to  REF  A  and  REF  B  should  be  ac  coupled 
as  shown  in  Figure  1.  This  ac  coupling  can  be  included  in  the  "< 
optional  phase  compensation  dtcuit. 

NOTE:  For  the  400  Hi'  mtipii  (AD2S34?Zl<j),  in  addition  to 
the  pha^  shift  ccttip^tf&d  ttifeiii^  &  ieSv^^'ibl^^^ 
grees  of  phase  lead  should  be  inrfiided  to  crnnpamme  for  the 
internal  phase  shift  within  die  hyMd.  For  hig^iier  firequency  op- 
tions this  extra  lead  is  not  necessary  as  the  internal  phase  shift 
does  not  affect  the  stated  accuracy.  ,  ~ 

The  signals  are  connected  to  sin  and  cos  according  to  the  follow- 

Esm  =  Eiu,o^RHi  sm  u>t  sin  6 

Ecos  =  Erlo-rhi  sin  uii  cos  6 
The  two  signal  ground  wires  from  each  resolver  should  be  con-  ■ 
nected  at  the  SIGNAL  GND  pin  of  the  converter  to  minimize 
the  coupling  between  the  sine  and  cosine  signals.  For  the  same 
reason  it  is  also  recommended  that  the  resolvers  are  connected 
using  individual  twisted  pair  cables  with  the  sine,  cosine  and 
reference  signals  twisted  separately.  'o 

See  Figure  1  for  the  recommended  j^i^iinection  circuit. 


PHASE  tCAO  -  MC  TkM  z 
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Figure  1.  OmneOing  the  2S34  to  Resolvers 
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SCALING  FOR  NONSTANDARD  SIGNALS 

A  feature  of  these  conveners  is  that  the  signal  and  reference  in- 
puts can  be  resistively  scaled  to  accommodate  nonstandard  input 
signal  and  reference  voltages  which  are  outside  the  nominal 
±  10%  limits  of  the  converter.  Using  this  technique,  it  is  possi- 
ble to  use  a  standard  converter  with  a  "personality  card"  in  sys- 
tems where  a  wide  range  of  input  and  reference  voltages  are 
encoimtered. 

NOTE:  The  accuracy  of  the  converter  will  be  affected  by  the 
matching  accuracies  of  resistors  used  for  external  scaling.  It  is 
critical  that  the  value  of  the  resistors  on  the  sine  signals  be  pre- 
cisely matched  to  the  cosine  signals.  In  general,  a  0. 1%  mis- 
match between  resistor  values  will  contribute  an  additional  1.7 
arc  minutes  of  error  to  the  conversion.  In  addition,  imbalances 
in  resistor  values  can  greatly  reduce  the  common-mode  rejection 
ratio  of  the  signal  inputs. 


CHANNEL  SELECT  SEL  A,  SEL  B 

SEL  A  and  SEL  B  are  the  channel  select  inputs.  A  logic  low  on 
SEL  A  selects  Channel  A  and  a  logic  low  on  SEL  B  selects 
Chaimel  B.  Both  channels  must  not  be  selected  at  the  same 
time.  , 


511  ...nam  . 


X 


,  to  I 


ini  ' 


Figure  2a.  Timing  Diagram  for  (tepetitiva  Reading  of  One 
Channel 


Data  becomes  vaUd  1  (iS  after  the  negative  edge  of  SEL  A  or 
SEL  B.  Timing  information  is  shown  in  Figure  2. 

DATAVAlM 


The  DATA  VALID  output  is  a  logic  output  which  switches  low 
1  M.S  after  the  negative  edge  of  either  channel  select  indicating 
that  the  output  latches  have  valid  data  for  transfer. 

REFERENCE  OUTPUT  REF  OUT 

The  reference  output  provides  a  6  V  rms  reference  signal  of 
400  Hz,  2.6  kHz  or  4.0  kHz  frequency  which  can  be  used  to 
excite  the  two  resQl>mt«Hgjl,tig9  to  fae  u$e4j«8'tlie  leference.  to 

the  converter.  ajiiq  mqiu.;.  r-.  j-  r 

CAUSES  OF  ERROR 
Differential  Phase  Shift 

Phase  shift  between  the  sine  and  the  cosine  signals  from  the  re- 
solver  is  knovm  as  differential  phase  shift  and  can  cause  static 
error.  Some  differential  phase  shift  will  be  present  on  all  resolv- 
ers  being  a  transducer  characteristic.  A  small  resolver  residual 
voltage  (quadrature  voltage)  indicates  a  small  differential  phase 
shift.  Additional  phase  shift  can  be  introduced  if  the  sine  chan- 
nel wires  and  the  cosine  channel  wires  are  routed  differendy. 
For  instance,  different  cable  lengths  or  different  capacitive  loads 
could  cause  differential  phase  shift. 

The  additional  error  caused  by  differential  phase  shift  on  the  i 
input  signals  approximates  to  '  A 

Error  K>  a  x  ^  ok  ) 


Figure  2b.  Tbrting  Blagram  for  Alternate  Reading  of  Ea^ 
Chann^  >?-     -o'  ■  •  ' 


where  a  ?=  differential  phase  shift  in  degrees  and  b  =  sisnalito  : 
reference  phase  shift  in  degrees. 

This  error  can  be  minimized  by  choosing  a  resolver  with  a  small 
residual  voltage,  ensuring  that,  the  sine  and  cosine  signals  ate 
handled  identically  and  removing  the  reference  phase  shift  (see 
section  on  "CONNECTING  THE  CONVER'fER").  By  taking 
these  precautions,  the  extra  error  can  be  made  insignificant. 

Resolver  Phase  Shift 

Under  static  operating  conditions  phase  shift  between  the  refer- 
ence and  the  signal  lines  alone  will  not  theoretically  affect  the 
converter's  stated  accuracy.  However,  most  resolvers  exhibit  a 
phase  shift  between  the  signal  and  the  reference.  This  phase 
shift  will  give  rise  under-dj^amicc^iditiaas  toan  additional 
error  defined  by:  -•  ' 

Shaft  Speed  [rps]  x  Phase  Shift  [degrees) 

Reference  Frequency 

This  effect  can  be  eliminated  by  placing  a  phase  shift  in  the  ref- 
erence to  the  converter  equivalent  to  the  phase  shift  in  the  re- 
solver (see  section  "CONNECTING  THE  CONVERTER"). 

NOTE:  Capacitive  and  inductive  crosstalk  in  the  signal  and  ref- 
erence leads  and  wiring  can  cause  similar  problems. 

VELOCITY  OUTPUT  VEL  A,  VEL  B 

The  signals  on  these  pins  are  analogue  voltages  proportional  to 
the  rate  of  change  of  the  respective  input  angle.  These  signals 
are  available  regardless  of  the  state  of  the  channel  ldects  SEL  A 
and  SEL  B. 

A  better  quaUty  of  velocity  signal  will  be  jidiieved    the  folkm- 

ing  points  are  considered- 

■      -    -  -'^    afcj-  ■■  —  ■•■ 
li-9tittBt^m>  ¥»  MWtii  flyHtAan  SjpF  or  10  kO  Oe  vtetopty 
signal  should  be  biiffiaed  brfore  use. 

2.  R^qde  and  ninse.  Noise>aii-tbe  input  signals  to  the  converter 
-  is' thf  iBiifSc  iSftife  -of  aiBfe.OT  the  valodty  signal.  This  can  be 
'^^teiaa^  td  sMnicniiiim  if  the  following  precautions  are  taken: 
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The  resolvees  UK'lSUlUiected  to  the  converter  using  separate 
screened  twisted  pair  cable  of  equal  lengths  for  the  sine,  co- 
sine and  reference  signals. 

Care  is  taken  to  reduce  the  external  noise  lyherever  possible. 

A  resolver  with  low  residual  voltage  is  chosen,  i.e.,  one  with 
small  quadrature  signals. 

Feedthrough  of  the  reference  frequency  can  be  removed  by  a 
filter  on  the  Telocity  signal.  Care  must  to  be  taken  wfa^jA^' 
ting  the  filter  not  to  impede  speed  loop  bandwiddi  J  • 

Reference  to  signal  phase  shift  should  be  minimiwl  to  re- 
duce quadrature  effects  and  larger  ripple. 

If  the  above  precautions  are  taken,  a  very  good  noise  and  ripple 
performance  <aax  be.itetaeyedia^omti$-QieJiD2SM  -vdo^ty  sig- 
nals tQf'%is  used  i&  irei^  wisis^  ts&^x&&ioeiit&. 

DYNAMIC  PERFORMANCE  ia  srfT 

The  transfer  function  of  the  converter  is  given  below. 


IN 

® 

1  +  ST), 

1  +  aT, 

Bivlfvlill  ..igiliOpCltl 

.,»-•  .\tf.,  I  ■  i 


Figures.  Transfer  ^jnhltfn  of  AD2S34 
Open-loop  transfer  function: 

'■■     -  "        eoc/r     Ka  (1  +  sr,) 


9;,v  (1  +  sTi) 

Closed-looj>  transfer  function: 

1  +  jr, 


A  n^-dSQA  odT 


e/A,     1  +  sr,  +  ^/Ka  +  s'  TiIKa 


1*  •  mm 

Figure  4.  AD2S34xZ10  Gain  Plot 


Where: 

Option  xZlO 
Ka  =  53000  sec-^ 
T,  =  0.0062  sec 
T,  =  0.00079  sec 


Option  xZ40 
Ka  =  695000  sec" 
Tj  =  0.0019  sep 
Tj  -tSioSiS 


Option  xZ60 

Ka  =  2164000  sec"^  i 


The  jgiiii  aad  l^igm  diagrams  are  shovm  in  Figures  4  through  9. 


•»  t  It  ■ 

ce  •irao 


Figure  8.  AD2S34xZ60  Gain  Plot 


Figure  5.  AD2S34xZ10  Phase  Plot 


Figure  ft  AD2S34xZ60  Phase  Plot 
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ACCELERATldN  ERROR 

A  tracking  converter  employing  a  Type  2  servo  loop  does  not 
suffer  any  velocity  Isg,  however,  lliere  is  an- additional  error  due 
to  acceleration. 

This  additional  error  can  be  defined  using  the  acceleration  con- 
stant Ka  of  the  converter. 


Input  Acceleration 
Error  in  Output  Angle 


The  numerator  and  denominator  must  have  consistent  angular 
units.  For  example,  if      is  in  sec"^,  then  the  input  acceleration 
may  be  specified  in  degrees/sec^  and  the  error  in  output  angle  in 
degrees.  Alternatively,  the  angular  unit  of  measure  may  be  in 
radians,  minutes  of  arc,  LSBs,  etc. 

Ka  does  not  define  maximum  acceleration,  only  the  error  due  to 
acceleration.  The  maximum  acceleration  for  which  the  AD2S34 
will  not  lose  tr^ck  is  of  the  order  of  5°  x       =  265000  7sec^  or 
»bput  730  reyoltnions/sec^  for  tjte  -400  Hz  option;  

Ka  can  be  used  to  predict  the  output  position  error  due  to  input 
acceleration.  For  example,  for  an  acceleration'  of  50 
revolutions/sec^  with  K.  =  53000, 


Error  in  LSBs  = 


Input  Acceleration  [LSB/sec^ 


KAlset-'^] 


50[rCT/5i;c^]  ■  2'"  [LSB/rra] 
53000 
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RELIABILITY 

The  reliability  of  these  products  is  very  high  due  to  the  exten- 
sive use  of  custom  chip  circuits  that  decrease  the  active  compo- 
nent count.  Calculations  of  the  MTBF  figure  under  various 
environmental  conditions  are  available  on  request. 
Figure  10  shows  the  MTBF  in  years  vs.  case  temperature  for 
Naval  Sheltered  and  Airborne  Uninhabited  Attack  conditions 
calculated  in  accordance  with  AUL-HDBK-217E. 


20  40  60  80 

TBirreRA-niSi--^  "  -  :    . . 

-•-  NAVAL SHELTisMi"  '       AMstaimE UidvHMjny^i-rtiUrK 

OTHER  PRODUCTS 

The  AD2S44  is  a  low  cost  dual  channel  sj^i&fo  or  its<rfv&''''''  ^ 
converter  withflMepehdeat  reference  inputs  atM  a  'buiitln''"''  •' 
test  featmre.  The  AD2S44  contains  all  the  necessary  front  end 
dectronics  to  interface  directly  to  popular  synchro  and  resolver 

options. 

The  AD2S80A/AD2S81A/AD2S82A  are  monolithic  resolver-to- 
digital  converters.  The  AD2S80A/AD2S82A  offer  selectable 
10-16  bits  of  resolution.  The  AD2S81A  has  12-bit  resolution. 
All  devices  have  user  selectable  dynamics.  The  AP2S80A  is 
available  in  40-pin  DIP,  44-pin  LGC  smd  is'  ija^ied  to'MilL- 
STD-883B,  Rev  C.  The  2S82A  is  availabjt,^  a  44.pin  PLCC, 
and  the  AD2S81A  in  a  2S-pin  DIP.       '  „ 

The  AD2S46  is  a  highly  integrated  hsihrj^xesolver/synchro-to- 
digital  converter  packaged  in  a  2  8-pin' DIP.  The  part  offers  the 
user  1.3  arc  minutes  of  accuracy  over  ihe  fell  wKtiary  tempera- 
ture range.  ~ 

The  1740/41/42  are  hybrid  resolver/synchro-to-digital  converters 
which  incorporate  pico  transformer  isolated  input  signal 


OUTLINE  DIMENSIONS 

E^ensions  shown  in  inches  and  (mm^. 


1.000  ±  0.005 
"{25.4*01271" 


0.015  z  0.003 
I  (0.301  ±  0.076). 


15  EQUAL  SPACES 
AT  O.Dai  (1.27)  dENTftis 
=-0750  (19H)5)  N.*E.  4 


REV.  A 


ANALjOG 
DEVICES 


Low  Cost,  1 4-Bit  Dual  Channel 
Synchro/Resolyer-to-Digltal  ConMiyler 


AD2S44 


.M  -J 


hannel 

ybrid  Package 
2.6  Are  MBmrta  Amiracy 
14'BH  I 
Built-in  Test 
Independent  liafe»iiie».lnpiilx 
High  Tracking  Rata 

tiiO 

APPUCATIONS 

Gimbal/Gyro  iPmgopl  SyptMis 
Robotics 

Engine  Controllers 
Coordinate  Conversion 
Military  Servo  Control  Systems 
Fire  Control  Systems 
Avionic  Systems 
Antenna  IMonitoring 
CMC  Machine  Tooling 


GENERAL  DESCRIPTION 

The  AD2S44  series  are  14-bit  dual  cliannel,  continuous  tracking 
synchro/resolver-to-digital  converters.  They  have  been  designed 
specifically  for  applications  where  space,  weight  and  cost  are  at  a 
premiiun.  Each  32-pin  hybrid  device  contains  two  independent 
Type  II  servo  loop  tracking  converters.  The  ratiometric  conver- 
sion tedmique  employed  provides  excellent  nmsS  ■pi'">o><y  ^nd 
toleraoce  of  long  lead;  loigAs.-  '  I 

The  aire  of  each  conversion  is  performed  1^  jnaie-af-die-art 
moDolitiiic  integrated  dicuits  manii&ctured  io  Analog  Devices' 
proprietary  BiMOS  II  process  wiiidi  combines  the  advantage  of 
low  power  CMOS  digital  logic  with  bipolar  linear  circuits.  Tte 
use  of  tliese  ICs  keeps  the  mtimi^-eqiseas^mail^lmr~a^ — 
ensur«.liigb.relijil«tity.   ■  

The  built-in  test  (BID  fiuSitsr  can  betued  in  failsafe  systems 
to  provide  an  indicatkm  of  whether  ^e  converter  is  tracking 

accurately. 

Each  channel  incorporates  a  high  accuracy  differential  condition- 
ing circuit  for  signal  inputs  providing  more  than  74  dB  of  com- 
mon mode  rejection.  Options  are  available  for  both  synchro  and 
resolver  format  inputs.  The  converter  output  is  via  a  tristate 
transparent  latch  allowing  data  Jo  be  r^  without  interruption 
of  convertsr  opert^i^  Hie  AM  md  OE  omtml  lines  sdeet  the 


JcoNomoNCNp 


sm/coG 

MULTtPUEK 
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chaimel  and  present  the  digital  position  to  the  common  data 
outputs. 

The  AD2S44  also  features  independent  reforence  inputs.  Conse- 
quently, diffraoit  refEannseAequencies  mxg  be  used  for  esdl 
channel. 

MODELS  AVAILABLE  i 

The  AD2S44  series  is  available  in  three  accuracy  grades: 

AD2S44UM     14-Bits     ±4.0  Arc  Mins  -55°C  to  +125°C 
(±2.6  Arc  Mins  -25°C  to  -l-85°C  ) 
±4.0  Arc  Mins  -55°C  to  +  125°C 
*Si2  Arc  Mins  -SSX  to +125^1 

1  grade  has  options  available  which  will  inteifue  ts^^^if^ 
and  resolvers  of  standard  voltage  and  frequency. 

All  components  are  100%  tested  at  -iS'C,  +25°C,  and  +125°C. 
Devices  processed  to  high  reliability  screening  standards  (Suffix 
B)  receive  further  levels  of  testing  and  screening  to  ensure  high 
levels  of  reliabiUty.  Full  ordering  information  is  given  on  the 
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AD2S44-SPECIFICATI0NS  (typical  @  +25t  unless  specified  otherwise) 


Parameter 

AD2S44 

Units 

Comments 

PERFORMANCE                   "-^    it' » 
Accuracy'  AD2S44GM  

±4.0(iiUBt)  - 
±2.6  (max) 

±4.0  (max) 
±5.2  (max) 
20 
14 

(1  LSB  =  1.3  arc  miss) 
1 

m-2m 

100 

— 1  1 

Are  Min  - 

Arc  Min 

Arc  Min 

-55°Cto  H-US^G        -  ■ 
-25°C  to  +85°C 

-55°Cto  +125°C 

AD2S44TM 

Tracking  Rate^^^'^*-'*  JMOltOWJ^ 

Arc  Min 

rev/s 

Bits 

LSB 

Hz 

Hz 

-55°Cto  +125X 

Output  Coding  Parallel 
Natural  Binary 

Resnliirinii 
Repeatability 

Signal/Reference  Frequency 
Bandwidth   ' 

SIGNAL  INPUTS 
Signal  Voltage 
Input  Impedance 

90  V  Signal                     [  "'"■°| 

26  V  Signal  T-- 

11.8  V  Signal 

2  V  Signal 
Common  Mode^  deletion, 
Common  Modp  Range 

90  V  Signal              '  1 

2,  11.8,  26, 90 

200 
58 
26 
4.4 

74  (iiin) 

±250 
±120 

Vrms 

kn 
kn 
kn 
kn 

dB 

Vdc 
Vdc 
Vdc 
Vdc 

See  Oideiii^^^imation^ 

ReS^J«£l"l^l&i»^ifr2«) 

?^i»..dtit-. 

r-TI'ifSv?  ■  ■ 

26 y  Signal-  ..    ."-  '   V  '  - 

11.8  V  Signal 
2  V  Signal  ■< 

±60 
±12- 

REFERENCE  INPUTS 
Reference  Voltage 

Intaife twrf^langfti      ooosBpad  KxriT:<.-3< 
lis  V  Reference 
26  V  Reference 

11.8  V  Reference                      -  ■ 
2VRefer<aice       •          :  ^  '    s  :  .  •.    -  .  ( 
Cominaq  Mode  Range.,;  ■ 
llSVR^etHice    ^oi><i  j:  . 
2%\  9^erence         "    .      •  ■                  j  ^ . 
llvSy  Reference                           ;<  ; 
2  V  Reference 

2,  11.8,  26,  115 

270 
270 
25  • 
25 

±210 
±210 
±35 
±35 

V  rms 

kn 
kn 
kn 
kn 

Vdc 
Vdc 
Vdc 
Vdc 

See  Ordering  Information 
Resistive,  Tolerance  ±5% 

ACCEEERATK)N'€ONSTAi«rP  '     «       ''i         '  * 

^1   ' 

sec~^ 

l'-.   '  :  .<-J13  gHIWJS3T3t  J",  ill  ■■•.Tj  • .  »!:•  ■  I  I  '  '         .  1         ,'!  ■  .<i.^ 

"i'sivn  It- ■■<! '■'f''!  ■-  'V.-         .i  -1. 
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Parameter 

AD2S44 

Units 

Grauneiia 

STEP  RESPONSE  

Large  Step' 
Small  Step' 

63  (typ),  75  (max) 
2i  (typ),  30  (max) 

ms 
ms 

179°  to  1  LSB  of  Error 
2°  to  1  LSB  of  Error 

POWER  LINES                          .  ,  . 
+Vs=+15V'  (7;i.„., 
-Vs=-15V  , 
Power  Dissipation  'j,                ]^  ; 

85  (typ),  100  (max) 
55  (typ),  70  (max) 
2.1  (typ),  2.6  (max) 

mA 
mA 
W 

Quiescent  Condition 
Quiescent  Condition 
Quiescent  Condition 

A/B      V,,  •'^ 

v,„  * 

2.0  (min) 

0.7  (max) 
2.0  (min) 

Vic' 
Vdc 

Vdc 
Vdc 

IiL  =  5  (lA  . 

I,„  =  5  M,A 

IiL  =  1.2  mA             .'  sTt 
Iffl  ^  ~60  pA>n]-tO  V  8  1 ' 

DIGITAL  OUTPUTS  (DB1-DB14) 

Vol' 
Voh' 

Tristate  Leakage  Cui;rent            :'^)  , 
Drive  Capability 

0.4  (max) 

2.4  (min)  ' 

3  (max) 

Vdc 
Vdc 

LSTTL  Loads 

1,1.=  1.2  mA  t'-^w.^"*' 

ioH=  60ka  vjj-y^:^ 

DATA  TRANSFER 
Time  to  Data  Suble  (After  Negative  Edge 

of  OE  or  Change  of  Level  of  A/B) 
Time  to  Data  in  High  Impedance  State  (After  Positive 

Edge  of  OE) 
Time  for  Repetitive  Strobing  of  Selected  Channel 

200  (max) 

200  tmin)      ,,  ,„„ 

at 
ns 

SeeFiguw.3r  -     j.i;  _v  '. 

.  -  \.  \  ■                ■  • 
«s     -  -r,-ir- V    .  -   .- 

t 

tp             ,           ..  .,;  ...-^ 

BUn^T-W  T^T"OtfrftJT  (BIT) 
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Drive  Capability 
Error  Condition  Set 
Error  Condition  Ckaied 

Active  Low 
0.4  (max) 
2.4  (min) 
8  (max) 
SS  (max) 
4S  (min) 

V  dc 
Vdc 

LSTTL  Loads 

LSB 

LSB 

Low  =  Error  Condition 
loL  =  3.2  mA 
loH  =  -160  (jlA 

DIMENSIONS  ... 

1.75  X  1.05  X  0.225 
44r.45  X  28.07  x  5.72 

inch 
mm 

See  Package  MotmatioD'' 

0.6S  (max) 
18.2  (max) 

QZ 

grams 

NOTES 

'Specified  over  temperature  range,  -SS^C  to  +125''C,  and  for:  (a)  ±10%  signal  and  reference  amplitude  variation;  (b)  ±10%  signal  and  reference  harmonic 
distortion;  (c)  ±5%  power  supply  variation;  (d)  ±10%  variation  in  reference  frequency. 

Bold  face  type  indicates  parameters  which  are  100%  tested  at  nominal  values  of  power  supplies,  input  signal  voltages  and  operating  frequency.  All  other  param- 
eim  ai^  gauMe^ligrdM^,  tot  tested.      i  -i'^j-',  .u....:..  , 

=  Ssmfi^ltgiTOlrtiWwtdMBige ■williOnriiBlfe  d'^K)'  •  •Ki.U  ^ 
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ABSOLUTE  MAAIMUAr  RATlMua 

_1_  1  7    "J^    \1  Ar- 

-Vs  to  GND   

-17.25  Vdc 

Any  Logic  Input  to  uND  (max;   

Any  Logic  Input  to  GND  (min)   

n  X  17  Art 

Maximum  Junction  Temperature  

SI,  S2,  S3,  S4  (Line  to  Line) 

1  ^  rtrt  1 »  J  _ 

1  1   O  17  /"^mcIam 

-t-  OA  \7  <J» 

-1-  U  17  Af> 

SI,  52,  S3,  S4  to  GND 

AA               .  -'  .  - 

-i-^nA  17 

ir  /^_, . '  .                 •            1                         ^.  I 

11.8  V  Opuoil.;,   ;  ....  .J.  

. '  ±80  V  ac..f 

to 

26  V.  115  V  Options   

+600  Vdc 

2V,  11.8  V  Options  

 +50  Vdc 

Rhi  Rlo  to  GNI>  , 

26  V,  115  V  Options     

 +600  V  dc 

2V,  11.8  V  Options  .  .  .  

 +50  V  dc 

Storage  Ten^onmn  '9mm  •  t  -65°C  to  -I-  ISff^ 

Operating  TciWignlBivl^igi  I  '^SS°C  W 

NOTE 

"On  synduo  input  optioiis,  line-to-line  voltage  refers  to  the  S2~S  1 ,  S 1-S3 
and  S3-S2  diffisrenxial  voltages.  On  resdver  input  options  line-to-line  levels 
refer  to  flic  S1-S3  and  S2-S4  vottaiSv  ^ 

"  I 

CAUTION 

1.  Absolute  maximimi  ratings  are  the  limits  beyond  which 

damage  to  the  device  may  occur. 

2.  Correct  polarity  voltages  must  be  maintained  on  the  -l-Vs  and 
— Vs  pins. 

3.  Th^  -t:15  V  power  supply  must  never  go  below  GND. 


Tabie  I.  Bit  Weight  Table 


Bit  Number 

Weight  (Degices) 

I  (MSB) 

180.0000 

2 

90.0000 

45.0000  , 

4" 

22.5000 

5 

11.2500 

6 

5.6250 

7 

2.8125 

8 

1.4063 

9 

0.7031 

10 

0.3516 

11 

0.1758 

12 

0.0879 

13 

0.0439 

14  (LSB  for  2S44) 

0.0220 
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FUNCTIONAL  DESCRIPTION 


Pm 

Mnemonic 

De«ripri«f'^''^'0«3' 

1-7 

DB8-DB14 

Parallel  Output  Data  Bits 

26-32 

DBI-DB7 

Parallel  Output  Data  Bits 

8 

OE 

Output  Enable  Input 

9 

A/B 

Chaimel  A  or  B  Select  Input 

10 

BIT 

Built-in  Test  Error  Output 

11 

Rlo  (A) 

Input  Pin  for  Channel  A  Reference  Low 

12 

Rhi  (A) 

Input  Pin  for  Chaimel  A  Reference  High 

13-16 

S4-S1  (A) 

Channel  A  Input  Signal 

17-20 

S1-S4  (B) 

Chaimel  B  Input  Signal 

21 

Rhi  (B) 

Input  Pin  for  Chaimel  B  Reference  High 

22 

Rix.(B) 

Input  Pin  for  Channel  B  Reference  Low 

23 

GND 

Power  Supply  Ground  (Note:  This  Pin  Is 
Electrically  Connected  to  the  Case.) 

24 

-Vs 

Negative  Power  Supply 

25 

+Vs 

PodtiTe  Power  Supidy 

ESD  SENSITIVITY 

The  AD2S44  features  input  protection  circuitry  consisting  of  large  "distributed"  diodes 
and  pcdystUcon  series  resistors  to  dissipate  both  high  atetgy  djscbwges  pti»nan  Body 
Modd)  and  fiist,  low  energy  pulses  (Chuged  Device  Modd). 

Proper  ESD  precautions  are  strongly  recommended  to  avoid  functional  damage  or  perfor- 
mance degradation.  For  further  information  on  ESD  precautions,  refer  to  Analog  Devices' 
ESD  Pnveimm  MamuU. 


AD2S44 

ilv       .isKJ'  J  am 


S1 IBIC 

52  (B)  C 

53  IB)  ( 
S4IBIC 


nONCffLES  OF  OPQtATION 

The  AD2S44  ie^  apeme(e>iii  trtKildiig  pniilallK  The  ouiput 
digitabaeEwl«a)iriluifd||r  tndts  AepoaitioD'af  Ae«e9lah»(%B- 
dnoiArttoifthBBtrfltefleed  foT'CttBTlial  anmect.cQiiuaands  and 
status  wait  loops.  As  the  tmad^eSewnEsttem^  a  poritum 
equivalent  to  the  least  mgnifiijhil  MlUBughliiife  llie  diit^t  di^: 
til  mod  is  updated.  ' 

A  fimctibnal  <fiagr!mi  Of  Ae  AD2S44  is  shown  in  Figure  1. 

Each  channel  is  identical  in  operation,  sharing  power  supply  and 
output  pins.  Both  channels  operate  continuously  and  indepen- 
dently of  each  other-the  digital  output  from  either  channel  is 
available  after  switching  the  channel  select  and  output  enable 
inputs. 

If  the  device  is  a  synchro-to-digital  converter,  the  3-wire  synchro 
output  will  be  connected  to  SI,  S2  and  S3  on  the  unit,  and  a 
soU^s^e^^^^^^^^qppdi^jjtt^will  convert  lliese  sigqais 

Vi=KEo  sin  wt  sin  9  ' 
' '  '  V2=K  Eo  sin  un  cos  6  '  ' 

Where  9  is  the  angle  of  the  synchro  shaft,  Eq  sin  <»t  is  the  refer- 
ence signal  and  K  is  the  transformation  ratio  of  the  input  signal 
conditioner.  If  the  unit  is  a  resolver-to  digital  converter,  the 
4-wire  resolver  output  will  be  connected  directly  to  SI,  S2,  S3 
and  S4  on  the  imit. 

To  understand  the  conversion  process,  assome  that  the  current 
word  state  of  the  up-down  counter  is  <t>.  V,  a  multiplied  by 
cos4>  and  V2  is  mujt^lied  by  sin<j>  to  gilie:  \  ;   .  '' 


K  Eo  sin  (OT  cos  6  sin  (i>. 
These  signals  are  subtracted  by  the  error  amplifier  to  give: 


Fiefure  l.  Functional  Block  Diagram  of  AD2S44 


K  Eo  sin  (OT  sin  {0-4>). 

A  phase  sensitive  detector,  integrator  and  voltage  controlled 
oscillator  (VCO)  form  a  closed  loop  system  which  seeks  to  null 
sin  (6-<)>).  When  this  is  accomplished,  the  word  state  of  the 
up-down  coimter,  (|>,  equals,  to  within  the  rated  wsssaa^  ^ 
converter,  the  synchro-resolver  shaft  angle,  6.  ' 


CONI>^C3piG  THE  CONVERTER  -  -^^r  -  ~. 


shonldbe'iSt^Vi 


It  is  suggested  that  a  parallel  combination  of  a  100  nF  (ceramic) 
and  a  6.8  iiF  (tantalum)  capacitor  be  placed  from  each  of  the 
supply  pins  to  GND. 

The  pin  marked  GND  is  connected  electrically  to  the  case  and 
should  be  taken  to  the  zero  volt  potential  in  the  system. 

The  digital  output  is  taken  from  Pins  26-32  and  Pins  1-7.  Pin 
26  is  the  MSB,  Pin  7  the  LSB. 

The  reference  connections  are  made  to  REF  HI  and  REF  LO. 
In  the  case  of  a  synchro,  the  signals  are  connected  to  SI,  S2  and 
S3  according  to  the  following  convention: 

^SiSi  —  Eklo-rhi  sin  an  sin  9 

Esisi  =  Erio-khi  sin  un  sin  (9-120°) 

Es2S\  =  Ejojo-khi  sin  wr  sin  (6-240°). 

For  a  resolver,  the  signals  are  coimected  to  SI,  S2,  S3  and  S4 
according  to  the  following  convention: 

Esxsi  ~  Egijc^nHj  sin  tar  sin  9  1 

Es2-S4  ~  Mnu>-RHX  ^  <*>T  cos  6 
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CHANNEL  SELECT  (A/B) 

A/B  is  the  channel  select  input.  A  logic  high  selects  channel  A 
and  a  l<^c  low  selects  channel  B.  Data  becomes  vaUd  640  ns 
after  A/B  is  toggled.  Timing  information  is  shown  in  Figure  2. 

OUTPUT  ENABLE  (OE) 

OE  is  the  output  enable  input;  the  signal  is  active  low.  When 
set  to  a  logic  high,  DBl  to  DB14  are  in  the  high  impedance 
state.  When  OE  is  set  to  logic  low,  DBl  to  DB14  lepiesent  the 
angle  of  ilie  transducer  shaft  (see  bit  weights  in  Tabte  I)  to 
within  the  stated  accuracy  of  the  converter.  Data  becomes  valid 
640  ns  after  the  OE  is  switched.  Timing  information  is  shown 
in  Figure  2  and  '*v^wH^  in  the  "Data  Transfer''  section  of 
SPECIFICATIONSr  ^ 


J 


•NOTE  CONVERTER  DATA  OUTPUT  IS  INHIBITED 
FROM  UPDATES  DURING  DATA  VAUD. 


y.    -..V        'NOTE  CONVERTER  DATA  OUTPUT  IS  INHIBITED 
.  .  ,  FROM  UPDATES  DURING  CHANNEL  VAUD 

b.  Alternate  Reading  of  Each  Channel 
BUILT-IN  TEST  (in^ 

BIT  is  the  built-in  test  error  output.  This  provides  an  over 
velocity  or  fault  indication  signal  for  the  channel  selected  via 
A/B.  The  error  voltage  of  each  channel  is  continuously  moni- 
tored; and  when  the  error  exceeds  ±50  bits  for  the  currendy 
selected  charmel,  the  BIT  output  goes  low  indicating  that  an 
error  greater  than  approximately  I  wigiitaF  de^ee  exists  and  tliat 
the  data  is  therefore  invalid. 

The  BIT  signal  has  a  built-in  hysterisis,  i.e.,  the  error  required 
to  set  BIT  is  greater  than  that  required  for  it  to  be  cleared.  BIT 
is  set  when  the  error  exceeds  55  LSBs  and  is  cleared  when.the 
error  goes  below  4S  LSBs.  This  mode  of  operation  guadtot^'' 
flat  BIT  will  iiotfflnkeMAe»<tln«iAriliiedWid  is  craifM. 

IJ  ^..1        .11'  uu-'>l*'i    '  H  -.1^ 


BIT  is  valid  for  the  selected  channel  approximately  50  ns  after 
the  change  in  state  of  A/B.  In  most  instances,  the  error  condi- 
tion which  sets  BIT  must  persist  for  at  least  1  period  of  the  ref- 
erence signal  prior  to  BIT  responding  to  the  condition. 

Conditions  which  cause  die  BIT  output  to  show  a  fault  are: 

1.  Power-Up  Transient  Response 

BIT  mil  return  to  a  logic  high  state  after  the  AD2S44  posi- 
tion output  synchronizes  with  the  angle  input  to  within 
1  degree.  Normally,  BIT  will  be  low  at  power-up  for  a 
period  less  than  or  equal  to  the  large  signal  step  response  set- 
tling time  of  the  AD2S44  after  the  ±Vs  supplies  have  ^bi- 
lized  to  within  5%  of  their  final  values. 

,  2,  Step  Input  >  1  Degree 

'  BIT  will  return  to  a  logic  high  state  after  the  sdected  diannel 
of  the  AD2S44  has  settled  to  with  1  degree  ^  input  angje 
resulting  from  an  instantaneous  8tq>. 


3.  Excessive  Velocity 
BIT  will  be  driven  to  a  logic  low  if  the  maximum  tracking 
rate  of  the  AD2S44  is  exceeded  (20  RPS  typical). 

4.  Signal  Failure 

BIT  may  be  driven  to  a  logic  low  state  if  all  signal  voltages  to 
the  selected  channel  are  lost.  V 

5.  Converter/System  Failure 

Any  failure  which  causes  the  AD2S44  to  fail  to  track  the 
input  synchro/resolver  angles  will  drive  BIT  to  a  logic  low. 
This  may  include,  but  is  not  necessarily  limited  to,  accelera- 
tion conditions,  poor  supply  voltage  regulation  or  excessive 
noise  on  the  s^nal  omnections. 

SCALING  FOR  NONSTANDARD  SIGNALS 

A  feature  of  these  converters  is  that  the  signal  and  reference 
inputs  can  be  resistively  scaled  to  accommodate  nonstandard 
input  signal  and  reference  voltages  which  are  outside  the  nomi- 
nal ±  10%  limits  of  the  converter.  Using  this  technique,  it  is 
possible  to  use  a  standard  converter  with  a  "personality  card"  in 
systems  wbere.a  widi:  ran^  cfinfff^  WStS^^^  voltagf^  are 
encoimtered. 

NOTE:  The  accuracy  of  the  converter  will  be  affected  by  the 
matching  accuracies  of  resistors  used  for  external  scaling.  For 
resolver  format  options,  it  is  critical  that  the  value  of  the  resis- 
tors on  the  S1-S3  signal  input  pair  be  precisely  matched  to  the 
S4-S2  input  pair.  For  synchro  options,  the  three  resistors  on  SI, 
S2,  S3  must  be  matched.  In  general,  a  0.1%  mismatch  between 
resistor  values  will  contribute  an  additional  1.7  arc  minutes  of 
error  to  the  conversion.  In  addition,  imbalances  in  resistor  val- 
ues can  greatly  reduce  the  conmion  mode  rejection  ratfo  ofthe 
signal  inputs. 

To  calculate  the  values  of  the  external  scaling  resistors  add 
2.222  kf!  extra  per  volt  of  signal  in  series  with  SI,  S2,  S3. and 
S4  (no  resistor  required  on  S4  for  synchro  options),  an3  3  Jft  in 
extra  per  volt  of  reference  in  series  with  Rlo  and  Rhi..   '  " 

DYNAMIC  PERFORMANCE 

The  transfer  fimction  of  the  converter  is  given  below. 


.  FigurB.3.  Tranter  Function  otAlSS44 


fiEV.A 


AD2S44 


Open  loop  transfer  function: 


!  I 


BpVT  _  ^  1  +  sT\ 
%w    ~  7  '  1  +  tT2 


Closed  loop  tnm£er  Amcdm: 

'       ^ouT  1  +   , 

where      =  62000  sec"^  '  ' 

T,  =  0.0061  sec 
Tj  =  0.001  sec. 

gate- and  phase  (Uagrams  are  shown  in  Figures  4  aiid  S. 




CY:  •.^TJnil*!  YJll  .kngj?  V  ft?  d»m  sm 
'  ^i:  It  ilwy 


FREQUENCY  -  Hz 


mgm>  S.  AD2S44  Phase  Plot 


ACCELERATION  ERROR 

A  tracking  convener  employing  a  Type  2  servo  loop  does  not 
suffer  any  velocity  lag,  however,  there  is  an  additional  error  due 
to  acceleration.  This  additional  error  can  be  defined  using  l^e  - 
acceleration  cpastant  K,  of  the  converter.    , ^  >j 


Input  Aadavi&Ui 


-■19  ■ 


Error  in  Output  Angle 

The  numerator  and  denominator  must  have  consistent  angular 
units.  For  example,  if  K,  is  in  sec"^,  then  the  input  acceleration 
may  be  specified  in  degrees/sec^  and  the  error  in  output  angle  in 
degrees.  Alternatively,  the  angular  unit  of  measure  may  be  in 
radians,  minutes  of  arc,  LSBs,  etc. 

does  not  define  maximimi  acceleration,  only  the  error  due  to 
acceleration.  The  maximimi  acceleration  for  which  the  AD2S44 
will  not  lose  track  is  on  the  order  of  5°  x  K.  =  310,000  7sec^ 
or  about  800  revolutions/sec^. 

K.  can  be  used  to  predict  the  output  po^lioii  error  due  to  input 
I'M  ciMi^^fec  an  aced£Sri^>«f  SO  ttf^oMiBn^'^ 
ff*''MliS****  '■  '■         '  alMs!/-'i 

.a  3»a':-K 
In|»ut  Acceleration  [LSjB/sar^ 

K.[sec-^]  „  '  ' 


50  [ree/sec^]  ■  2"  \LSB/rev\ 


=  13.2  i5Bs. 


RELIABILITY 

The  reliability  of  these  products  is  very  high  due  to  the  exten- 
sive use  of  custom  chip  circuits  that  decrease  the  active  com^b- ", 
nent  count.  Calculations  of  the  MTBF  figure  under  various 
environmental  conditions  are  a¥ailsiMe'W-«#i®e.'"  """^  "^'"'''1'' 

Figure  6  shows  the  Al^BF jpi,jjsm  !^,q«|t<|e«l^ure#$k 
Naval  Sheltered  condMoBj  iMteWhtBd  io  accordance  widi  A^p- 
HDBK-217E. 


TEMPERATURE  -  "C 


Figure  6.  2S44  MTBF  vs.  Temperature 
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OTHER  PRODUCTS 

Many  other  products  concerned  with  the  conversion  of  synchro/ 
resolver  data  are  manufactured  by  Analog  Devices,  some  of 
which  are  listed  below. 

The  SDC/RDC1740/41/42  are  hybrid  synchro/resolver  to  digital 
converters  with  internal  isolating  micro  transformers. 

The  SDC/RDC1767/68  are  identical  to  the  SDC7RDC1740  series 
but  with  the  additional  features  of  analog  velocity  output  and  dc 
error  output. 

The  OSC17S8  is  a  hybrid  sine/cosine  power  oscillator  which  can 
provide  a  maximum  power  output  of  1.5  watts.  The  device 
operates  over  a  frequency  range  of  1  kHz  to  10  kHz. 

The  DRC1745  and  DRC1746  are  14-  and  16-bit  natural  binary 
latched  output  high  power  hybrid  digital-to-resolver  converters. 
The  accuracies  available  are  ±2  and  ±4  arc  minutes,  and  the 
outputs  can  supply  2  VA  at  7  V  rms.  Transformers  are  available 
to  convert  the  output  to  synchro  or  resolver  format  at  high  volt- 
age levels. 

The  AD2S65/66  are  similar  to  the  DRC174JI46  Ijyt  dp        , , ,  , 
include  the  power  output  stage.  These  de\^^^jiA^d3aj^.in^ 
accuracy  grades  to  1  arc  minute. 

The  2S80  series  are  mondithie  ICs  perfomd%:tes(dver  to  digital 
conversion  with  accuracies  up  to  ±2  arc  minutes  and  16-bit 
resolution. 


OUTLINE  DIMENSION 

Dimensions  shown  in  incites  and  (mm). 
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ORDERING  INFORMATION 

When  ordering,  the  converter  part  niunbers  should  be  suiiixed 
by  a  two  letter  code  defining  the  accuracy  grade,  and  a  two  digit 
numeric  code  defining  the  signal/reference  voltage  and  firequency. 
All  the  standard  options  and  their  option  codes  are  shown 
bdow/  T«i»^img^^Si^f^>mg$t^!t^m,  plea^  contact  Analog 


For  example,  the  correct'^part  n^^^  Cot  A  componfiit  to  oper- 
ate wiih  90  V  signal,  llS  V  refeieBoe  qiaduD  format  iiqmts  and 
yield  a  ±5.2  arc  minute  accurw^^^jra^di^^^'C  to  -t-US*  tem- 
perature  range  would  be  AD2S44SiftU.\lie  some  part,  pro- 
cessed to  high  reliability  stjindanteyflMW.iBW^y.^  designator 
AD2S44SM12B. 


AD2S44  XD 


Base  Part 
.Number 


'         High-Rel  Procc|ssing 


Z  =  0,  Signal  2  V,  Reference      2  V  Resolver 

Z  =  1,  Signal  11.8  V,  Reference  26  V  Synchro 

Z  =  2,  Signal  90  V,  Reference     115  V  Synchro 

Z  =  3,  Signal  11.8  V,  Reference  11.8  V  Resolver 

Z  =  4,  Signal  26  V,  Reference    26  V  Resolver  Base-But 

Z  =  8,  Signal  11.8  V,  Reference  26  V  Resolver 


-  Y  =  1  400  Hz  to  2.6  kHz  Reference  Frequency 

X  =  "U"  -55°C  to  +125°C  Operating  Temperamre  Range 
±4.0  arc  min  Accuracy 

±2.6  arc  min  Accuracy  (-25°C  to  +85°C) 

X  =  "T"  -55°C  to  +125°C  Operating  Temperature  Range 
±4.0  arc  min  Accuracy 

X  =  "S"  -55°C  to  +125°C  Operating  Temperatuie  Range 
±3.2  arc  min  Accuracy 


ANALOG 
DEVICE 


Low  Cost,  16-Bit  Synchro/ 
-Bfiaili(eritii:Digital  Converter 


FEATURES 

1.3  Arc  Minute  Accuracy 
16-Bit  Resolution 
Small  28-Pin  Ceramic  DIP 
Low  Cost 


APPLICATIONS 

Gimbal/Gyro  Control  Systmft   

Radar  Syttwn 

Engin«CBMMlMi»iiC>  -ai:  V 
Sonar 

Military  Servo  6oiMMvM«ms 
Fire  Control  Systems 
Avionic  Systems 
Antenna  RAonHoring 
CNCMaeltine%afniig  Kt 


GENERAL  DESCRIPTION 

The  AD2S46  series  are  16-bit,  continuous  tracking  synchro/ 
resolver-to-digital  converters.  They  have  been  designed  specifi- 
cally for  applications  where  space  and  performance  are  at  a  pre- 
mium. Each  28-pin  hybrid  device  uses  a  Type  2  ser\'o  loop 
tracking  converter  with  a  ratiometric  conversion  technique  to 
provide  excellent  noise  inununity,  t^iSMiMW^Sa^l  tcdMBil  of 
long  lead  lengths. 

The  core  of  each  conversion  is  performed  by  a  state  of  the  art 
monolithic  integrated  circuit  manufactured  in  Analog  Devices' 
proprietary  BiMOS  H  process  which  combines  the  advantage  of 
low  power  CMOS  digital  logic  with  bipolar  linear  circuits.  The 
use  of  these  ICs  keeps  the  internal  component  count  low  provid- 
ing both  packaging  which  reflects  LSI  monoUthic  standards  and 
ensures  high  reliability. 


The  device  incorporates  a  high  accuracy  differential  conditioning 
circuit  for  signal  inputs  providing  more  than  74  dB  of  common- 
>ii  St  mode  rejection.  Options  are  available  for  both  synchro  and  re- 
solver  format  inputs.  The  converter  output  is  via  a  tristate 
transparent  latch  allowing  data  to  be  read  withoat  interruption 
of  converter  operation.  >i 

Digital  data  transfer  is  acecMmodated  by  mi  ENABtgj^ut 
which  controls  the  tristate  outputs  and  presents  ffigidHclW)  fte 
V'  .  bus-when,  taking  from  a  HI  to  a  LO  state.         ■  -  i  •  '  ter 


An  INHIBIT  precedes  the  ENABLE  input  and  freezes  the  data 
transfer  from  the  up-down  counter  to  tie  output  latches.  This 
action  does  not  interrupt  the  operation  of  the  ttadcing  loop.  Re- 
teasing  the  INHIBIT  automatically  generates  a^^Eita  refresh.  A 
'irm  SSLBCT  ^pm  provides  the  facility  for  inter&cii^  to  an 
8- or  1«-Kt  6ns  system.  '    ''■         '  oi:-  ' 

MODELS  AVAILABLE  "  ^« 

The  AD2S46  series  is  awlable  in  2  accuracy  sni^: 

AD2S46TD  16  Bits  ±1.3arcmins  -Syfc  to -H25°C 
AD2S46SD    16  Bits    ±  2.6  arc  mins    -55°C  to  -I- 125°C 

Each  grade  has  options  available  which  will  interface  to  standard 
synchros  and  resolvers. 

All  components  are  100%  tested  at  -55°C,  -l-25°C,  and  -H25°C. 
Devices  processed  to  high  reliability  screening  standards  (Suffus 
B)  receive  further  levels  of  testing  and  screening  to  ensure  high 
levels  of  reliability.  Full  ordering  information  is  given  on  the 
back  page  of  this  data  sheet. 


FUNCTIONAL  BLOCK  DUGRAM 
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CONDITIONER 


BYTE 
SELECT  A 


RESOLVER/ 
SYNCHRO 
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ERROR 


V2 
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SIN/COS 
MULTIPLIER 


■ii  t.: 


DicrrAL 

POSITION 


AD2S46 


PHASE 

SENSmVE 
PgTignOB 

INTEGRATOR 

UP/DOWN 
COUNTER 


HIGH 
DYNAMIC 
RANGE  VCO 


O/P  DATA 
LATCHES 


-Vs 


iNHiBrr 


V  M 
7  f 


AD2S46-SPECIFICATI0NS  (typical  at  +25°C  unless  specified  otherwise) 


AD2S46 

Typ  Max 

Units  ^ 

PERFORMANCE  ^  — 

AI>2S46*D   

'  TrflnlcincF  V^tf^  ..-■.»-,        ■  ■.in        ■  i"!  ' i  ■"   -  ■  N  ri 

Resolution:'!    '  ■             :j/i;!j!vr  :   ^  :  •■- 

Repmt^ility  -i  -i  >:'qtuo  whsv-hoj     i  -  • 
iSign^/Reference  :.    hEW  siJ  ot  isreS  ^    .  i 
Frequency 

Bandwidth              ;   , .  . , 

±1.3 

-    -  -    -  -.      -  ±2.6  - 

.    .             -  1  '■  12 
16 

•    (1  LSB=  20  arc  sec) 

„      •    v/  1 

360  2860 

.      _  85 

arc  min 
^arc  min  — 
rev/s 
Bits 

LSB 

Hz 
Hz 

Parallel  Natural  Binar\- 
1  IN65356 

,  -  '(. i-,.^  ,  ■  •  -  I."  rit' 
:1  -vo. 

SIGNAL  INPUTS     :  ;  .,r  , 
Signal  Voltage                   ■                '  i 
Impedance 
90  V  Signal 
26  V  Signal 
11.8  V  Signal 

^  y  ^ISW       .  .!   .    ii'jLl  ..,:l.iV'..-: 

Cominon-Mode  Rejection 
Common-Mode  Sange 
90  V  Signal                            ■  ; 

26  V  Signal 
11.8  V  Signal 
2  V  Signal 

-     Till  .)  ii;ii.'1w 

:2rI1.85  26,  90^10% 

200 
58 
26 
4.4 

74 

.  ,  ■             •  ±250 
±120 
±60 
^12 

V  rms 
kfl 

kn 
kn 
kn 

dB 

Vdc 
Vdc 
Vdc 
Vdc 

See  Orderins'Iiifiwinatim  >n. 

.  RedSliwj W*r^^  J:  2%  lift-' 

yi'.ilooT  eoirts  •  .  -•'•'i  - 
'it)-?!  -."e  ' 

REFERENCE  INPUTS 
Refemiice  Volti^  '' 
Impedance  ' 

115  V  Reference 

26  V  Reference  ...  •;>- J  ".'i 

ii.s  .V  i\eierencc.' ■ .  l*  . 

2  V  Reference;.' ',..1 -1  ' 
Common-Mode  Range                         •  : 

115V  Reference 

26  V  Reference 

11.8  V  Reference 

2  V  Reference 

2,  11.8,26,  115  ±10^6'"  •  ' 

■       ■-..lit  "  xtiA'tf          .,.  :  yr, 

275 
275 

25 
25 

±210 
.  ±210 
±35 
±35 

V  nns 

kn 
kn 

kn 

V  dc 

V  dc 

V  dc 
Vdc 

• '-fee  OiSerS^g  Information 
31  .'A!'m;n'tni  »«io 

Resistive  T^enaee  *  5% 

-  !.■  ;,'mr.<o  thus     .-.  ■  v: 

r.i  .  .ig.il  Uoisill  iWV: 
ir  :i  -^JGi  5<t'  r-;»j(  K>-. 

. Mtrfeiloi  tjrurf.  >)ii 

INHIBIT 

Sense 

Time  to  Stable  Data  (After 
Negative  Ed^.qf  Inhibit)       ■  -  • 

1.1/  v.^;,'  \i: — I         JJ  '  i 

See  Figtue  3 
Log^XO  to  MttWt 

600 

ns 

ENABLE  t"C> 
Logic  LO  to  Data  Available  ~ 
Logic  HI  to  High  Impedance . 

110 

;  .     .  110 

ns 
ns 

See  Figiure  3 

Presents  Data  to  Output 

Outputs  in  High  Impedance  State 

BYTE  SELECT                                   .  '  L 

Logic  HI  to  Data  Stable 
Logic  LO  to  Data  Stable 

130 
140  - 

ns 
ns 

See  Figure  3 

MS  Byte  DB1-DB8 

LS  Byte  DB1-DB8 

STEP  RESPONSE 
Large  Step' 
Small  Step' 

75  95 
25  30 

ms 
ms 

179°  to  1  LSB  of  Error 
2°  to  1  LSB  of  Error 

ACCELERATION  CONSTANT 

48000 

sec"^ 

DIGITAL  INPUTS 
(ENABLE,  INHmrt-BYTE  SELECT)  _ 

V,i. 

V,H 
1.1. 

Im 

■  0.8 

2.0 

±100 
±100 

Vdc 
Vdc 
|xA 
^A 

V,i.  =  0  \' 
V,„  =  5  \- 

OREVfo 


Parameter 

AD2S46 
Alin             lyp  Max 

Units 

Comments 

DIGITAL  OUTPUTS  (DB1-DB16) 
Vol' 
Voh' 

Tristate  Leakage  Current 
Drive  Capability 

]  i 

1    e_n  0.4 

2.4     S^-i  <:  1 

±100 
3 

Vdc 
V  dc 

LSTTL 

loL  =  1.2  mA 
loH  =  100  M-A  1 
,>j  m 

 \£\  etTie  

POWER  SUPPLIES 
Voltage  Levels 

+Vs' 
-Vs' 
Current 
+  Is 

Power  Dissipation 

+14.25        +15  +15.75 
-14.25       -15  -15.7Sr 

30  35 
15  20 
675  825 

Vdc 
V<dc 

mA 
mA  ■ 
mW  ■ 

DIMENSIONS 

1.4  i«  8.6  *;  0.135 

^S4  96 15.2 «  m 

inch 
mm 

See  Package  Information 

wEHarr 

0.25 
6.3 

Oz 

Grams 

NOTES 

'Specified  over  temperature  range,  -55°C  to  +125X,  and  for:  (a)  :tlO%  signal  and  reference  amplitude  variation;  Cb)  ±  10%  signal  ±  and  reference  harmonic 
distortion;  (c)  ±5%  power  supply  variation;  (d)  ±10%  variation  in  reference  frequency. 

Boldface  type  indicates  parameters  which  are  100%  tested  at  nominal  valu^  of  power  supplies,  input  signal  voltages,  and  operating  frequency.  All  other 
parkr^ers  are  guaranteed  by  design,  not  tested.  "  ^ 

SpeaiBisil&WsiiBjeet  to  change  without  notice. 


ABSOLUTE  MAXIMUM  RATINGS 

+Vs  to  GND  +17.25  V  dc 

-Vs  to  GND  - 17.25  V  dc 

Any  Logic  Input  to  GND  (max)   .  . '. .  .  .  .  .  .    .  +'5.5  V  dc 

Any  Logic  Input  to  GND  (mtai  o  ^.li         su!,>  -.ibrtisr^^  4« 
Maximum  Junction  Temperataw:  .....  .  .  .; .  .  .  .  ....  ISWS 

SI,  S2,  S3,  S4  piiw  to  La*)' 

(90  V  OptioB)  '*r»;.^.  ^o.  y*j#9>^  dc 

(26  V.^iffli^^ifeji,  i,B,  ifvisis*im-         -  • .  -  .  ■  .  ±160  V  dc 
a-..  (11;.«  V;^i^,if»  «.a»if^'|Ci!rf-b»)-efc..-r-r!«...  -s;:  •.  •  ±80- V  dc 
(2  V  QMrttb3»  ibtdaikinHiasiifcBitBiJ  ei-ji  -  ±14  V  dc 

SI,-  S2,  S3i,ii#-M^^tta      i,:riJ--w  nt  3isa^  ^  ,-nv:  i 
(90  V  Option)  s  ;      wioes^^onbo^ a<i-' ■  ±^'0  V  dc 

(26  V  Option)   ±120  V  dc 

(11.8  V  Option)  ,  . ,  ±60  V  dc 

(2  V  Optitai)     ,  .  .  «  tt  V  de 

Rhi  to  Rlo  .  . 

(26  V,  115  V  Options)  ±600  V  dc 

(2  V,  11.8  V  Options)       ±50  Vdc 

R„,  and  Rlo  to  GND 

(26  V,  115  V  Options)  ±210  V  dc 

(2  V,  11.8  V  Options)  ,.  ±35  V  dc 

Storage  Temperature  Range   ,  .  .  -65°C  to  +150°C 

Operatii^'^^eg^^^^*  .  .  .  .7.  :  .  :  -5S°CK>  +125'C 


I 


NOTE 

'On  synchro  input  options,  line  to  line  voltage  refers  to  the  S2-S1,  S1-S3 
and  S3-S2  differential  voltages.  On  resolver  input  options  line  to  line  levels 
refer  to  the  S1-S3  and  S2-S4  voltages. 

^Thermal  Resistance:  To  ensure  that  the  junction  temperature  of  the  hottest 
component  within  the  hybrid  does  not  exceed  the  rated  maximum  of  ISOX, 
the  case  temperature  must  not  exceed  130°C. 

RECOMMENDED  OPERATING  CONDlt^S 

Power  Supply  Voltage  (+Vs  to  GND)   +  IS-V  dq  ±5% 

Power  Supply  Voltage  (-Vj  to  GND)   -  15»^»>fe VrS% 

Analog  Input  Voltage  (SI,  52,/ S3,  S4.Line  to  Line) 

(90  V  Option)  .....  ,,.1-,.,.'     .". .,  .  .;.  .  .  90  Vrms  ±  10% 

(26  V  Option)  .  .  .  ,> .        ,  .   26  V  rms  ±  10% 

:     (11.8  V  Option)    .  .jj,  j,,.,-,  .  .  ..      .  ..  ,  ,  .  11.8  V  rms  ±10% 

(2  V  Option)   2  V  rms  ±  10% 

Analog  Input  Voltage  (R„,  to  R,,o) 

(26  V  Option)  26  V  rms  ±  10% 

(115  V  Option)   115  V  rms  ±10% 

(11.8  V  Option)   11.8  V  rms  ±10% 

(2  V  Option)   2  V  rms  ±  10% 

Signal  and  Reference  Harmonic  Distortion   ±  10% 

Phase  Shift  Between  Signal  and  Reference   ±10  Degrees 

Ambient  Operating  Temperature  Range  ....  — 55°C  to  +125''C 

CAUTION 

1.  Absolute  maximum  ratings  are  the  limits  beyond  which  dam- 
age to  the  device  may  occur. 

2.  Coi:r]ee(, polarity  voltages  must  be  maintained  on  the  +Vs  and 
I  —  Vsrpins. 


ESD  SENSITIVITY  - 


The  AD2S46  features  input  protection  circuitry  consisting  of  large  "distributed"  diodes  and 
polysilicon  series  resistors  to  dissipate  both  high  energy  discharges  (Human  Body  Model)  and  fast, 
low  energy  pulses  (Char^^PPBKaait 

Proper  ESD  precautions  sax  strongly  reciamiended  to  avoid  functional  damage  or  perfomaace 
it^adation.  For  fitrAer  infcimation  an  Bli  iwmMiMMtethAHMir 
tion  Manual. 


(MM' 


AD2S46 


PIN  CONFIGURATION 


BIT9  [T  < 
BIT  10  [T 
BIT  1 1  [T 
B1T12  [T 
BIT  13  [T 

Bm4  |T 

BIT  15  [7 
(LSB)  BIT  16  |T 
ENABLE  |T 
BYTE  SELECT  |lO 

S3  [Ti 
S2  [l3 
SI  [l4 


AD2S46 

TOP  VIEW 
(Not  to  Scale) 


^  BIT8 
27]  B1T7 

26]  BIT  6 
ii]  BITS 
24]  BIT4 
23]  BIT3 
E]  BIT  2 
21]  BIT  1  (MSB) 
^  INHIBIT 

iU-Vs 
n\  GND 
is]  RLo 
is]  RHI 


AD2S46  PIN  FUNCTION  DESCSI^ITON 


PIN 

MNEMONIC 

DESCRIPTION 

1-8 

DB9-DB16 

PARALLEL  OUTrUT  DATA  BITS 

21—28 

DB1— DBS 

PARALLEL  OUTrUT  DATA  BITS, 

9 

ENABLE 

OUTPUT  ENABLE  INPin'  ' 

10 

BYTE  SELECT 

BYTE  SELECT  INPUT  SIGNAL 

11-14 

S4-S1 

SYNCHRO/RESOLVER  SIGNAL  INPUTS 

15 

INPUT  PIN  FOR  REFERENCE  HIGH 

16 

Rlo 

INPUT  PIN  FOR  REFERENCE  LOW 

17 

GND 

POWER  SUPPLY  GROUND 

18 

-Vs 

NEGATIVE  POWER  SUPPLY 

IS 

+Vs 

POSITIVE  POWER  SUPPLY 

20 

INHIBIT 

INPUT  PIN  TO  INHIBn-  CONVERTER 

PRINCIPLES  OF  OPERATION 

The  AD2S46  series  operate  on  a  Type  2  tracking  closed-loop 
principle.  The  output  digital  word  continually  tracks  the  posi- 
tion of  the  resolver/synchro  shaft  without  the  need  for  external 
convert  commands  and  wait  states.  As  the  transducer  moves 
through  a  position  equivalent  to  the  least  significant  bit  weight- 
ing, the  output  ffifeftal  word  is  Updated  6y  one  LSB. 
If  the  device  is  a  syndiro-to-digital  converter,  the  3-wire  synchro 
oiltput  Vrill  be  coahected  to  SI,  S2  and  S3  on  the  unit  and  a 
solid-state  Seott-T  input  conditioner  will  convert  these  signals 
into  resolvei^snoat,  i.e.,..    ...  ^ 

V,  =  K  Eo  sinoit  sin  e  (sin) 
V2  =  K  Eo  sin  wt  cos  8  (cos) 

Where  6  is  the  angle  of  the  synchro  shaft,  E„  sin  lot  is  the  refer- 
ence signal,  and  K  is  the  transformation  ratio  of  the  ioput  signal 
conditioner.  If  the  unit  is  a  resolver-to  digital  converter,  the  4- 
wire  resolver  output  will  be  connected  directly  to  SI,  S2,  S3  and 
S4  on  Ac  unit. 


To  understand  the  conversion  process,  assume  that  the  ciurent 
word  state  of  the  up-down  counter  is  if).  Vi  is  midtiplied  by 
cos  <i>  and  Vj  is  multiplied  by  sin  (|>  to  give: 

K  Eq  sm  cut  sm  6  cos  ()> 

K  Eq  sin  ojt  cos  6  sin 

These  signals  are  subtracted  by  the  error  amplifier  to  give: 
K  Eg  sin  (ot  (sin  8  cos  if>  -  cos  8  sin  .  . 

or 

K  Eq  sin  Mt  sin  (6-<t)) 

A  phase  sensitive  detector,  integrator  and  voltage  controlled  os- 
cillator (VCO)  form  a  closed-loop  system  which  seeks  to  null  sin 
(8-4>).  When  this  is  accomplished,  the  word  state  of  the  up- 
down  coimter,  <t>,  equals,  to  within  the  rated  accuracy  of  the 
converter,  the  synchio/resolver  shaft  angle,  6. 
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AD2S46  Functional  Block  Diagram 
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CONNECTING  THE  CONVERTER 

The  power  supply  voltages  connected  to  -Vj  and  +Vs  pins 
should  be  -15  V  and  +15  V  and  must  not  be  reversed. 

It  is  suggested  that  a  parallel  combination  of  a  100  nF  (ceramic) 
and  a  6.8  (lF  (tantalum)  eiipa^tai  be  placed  firan  each  of  die  " 

supply  pins  to  GND. 

The  digital  output  is  taken  from  Pins  21-28  and  Pins  1-8. 
Pin  21  is  the  MSB,  Pin  8  the  LSB. 

The  reference  coimections  are  made  to  REF  HI  and  REF  LO. 
In  the  qise  of  a  synchro,  thl  signals  are  connected  to  SI,  S2  and 
S3  according  to  the  foUowiqg  Convention: 

Esi-S3  =  Erlo-rhi  sin  (ot  sin  8 

Es3-S2  =  Erlo-rhi  sin  oit  sin  (6  +  120°) 

Es2-si  =  Erlo-rhi  sin  wt  sin  (6  +  240°) 
For  a  resolver,  the  signals  are  connected  to  SI,  S2,  S3  and  S4 
according  to  the  following  convention: 

Esi-S3  =  Erlo_r„,  sin  cat  sin  e 
Es2_s4  =  Erlo-rhi  sin  <ot  cos  6 

It  is  recommended  that  the  resolver:  is  connected,  using 
iMs  screened  twisted  pair  cables  wifii  ithe  siiie,  eosine  and 
ence  sign^  twisted  separately. 


DATA  TRANSFER 


To  transfer  data  the  INHIBIT  input  should  be  used.  The  data 
will  be  valid  600  ns  after  the  apphcaiion  of  a  logic  "LO"  to 
INHIBIT.  By  using  the  ENABLE  input  the  two  bytes  of  data 
can  be  tiansfetred  after  which  the  INHIBIT  should  be  returned 
to  a  logic  "HI"  state  to  enable  the  ouq>ut  latdies  to  be  updated. 


INHIBIT  INPUT 


The  B^H^m'  logK  input  only  ai^UaislmJmmmi^^Sitai^t 
the  t^tr^ows  icoosta  to  the;  ouq>ut  %t|laiJtiii8^<ii^i^Hiei«gMii  x 
not  interrupt  the  opeiation  of  the  tratidng  le^.  Rdeasing  the  . 
INHIBIT  automatically  generates  a  refresh  of  the  output  data. 


-.iff  J  I 


ENABLE  INPUT 

The  ENABLE  input  determines  the  state  of  the  output  data.  A 
logic  "HI"  maintains  the  output  data  pins  in  the  high  imped- 
ance state,  and  application  of  a  logic  "LO"  presents  the  data  of 
the  latches  to  the  output  pins.  The  operation  of  the  ENABLE 
has  no  effect  on  the  conversion  process.  Timing  information  is 
shown  in  Figure  2. 
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Figure!.  Timing  Diagrams 
BYTE  SELECT  INPUT 

The  BYTE  SELECT  input  on  the  AD2S46  can  be  used  to  inter- 
&ce  the  convener  to  either  an  8-bit  or  16-bit  microprocessor 
bus. 

To  interface  to  a  16<bii«pa«ldl^  bos,  the  BYTE  SELECT  pin 
should  be  at  logic  HI.  'Thus,  the  most  significant  byte  of  the 
digital  output  position  is  arPins  21  to  28  (Bit  1  MSB  toiMt  S, 
respectively).  Also  the  least  significant  byte  is  at  Pin  1  to  8  (Bit 
9  to  Bit  16  LSB,  respectively).  The  ENABLE  control  is  used  to 
present  the  digital  16-bit  parall^  d%ital  'oi^tput  position,  d|ita  to 
the  pins.  — I—"—  i'   ■ 

To  interface  to  an  8-bit  parallel  bus,  two  sequential  rearffiigs 
must  take  place.  The  BYTE  SELECT  pin  at  logic  HI  jplaoes- the 
MS  BYTE  at  Fiss  2JK^^)«:2^  Ms^die.^ABfcft-'^^ 
parallel  data  h ptmwSirto^tiKTyiaT 

A  logic  LO  on  the  BYTE  SELECT  place  the  LS  BYTE  at 
Pins  21  to  28  (LSB).  Using  the  ENABLE,  the  parallel  data  is 
presented  to  the  bus. 

The  operation  of  the  BYTE  SELECT  has  no  effect  on  the  con- 
version process  of  the  converter. 

REFERENCE  INPUT 

The  amplitude  of  tbe  reference  signal  applied  to  the  converter's 
input  is  not  critical,  but  care  should  be  taken  to  ensure  it  is 
within  the  recommended  operating  conditions. 

The  AD2S46  will  not  be  damaged  if  the  reference  is  supplied 
to  the  converter  without  the  power  suppUes  and/or  the  signal 
inputs.  .  • 

CAUSES  OF  ERROR 
Differential  Phase  Shifi 

Phase  shift  between  the  sine  and  the  cosine  signals  from  the^re-  ^ 
solver  is  known  as  differential  phase  shift  and  can  cause  static 
ermrs.  SomedifGsrential  pliase  shift  will  beipieseiit wall lesolv- 
ers  bdn^  a  c3uiacteristic  of  ^  transducer/ A  smatt  nsslviir  re^ 
sidual  voltage  Quadrature  vidtage)  indicates  a  sniall  difiSeMmtial  ' 
phase  shift.  Additional  phase  shift  can  be  introduced^ithe  tesnt' 
diannel  wires  and  the  cosine  channel  wires  are  treated  differ- 
endy.  For  insnmce,  dtCEnent  cable  lengths  or  different  cq>active 
loads  i^iM  iBiniir  VWff'i'i'H'^         ihift.  The  additibiial  error 
caused  by  dMreiM  jlM^^Wl  an  the  input  sigiuils  apprmd- 


Etror  =  0.S3  x  a  x  6  ore  namats 


where  a  =  differential  plase  shift  in  degrees 
and  b  =  signal  to  reference  phase  shift  in  degrees. 

This  error  can  be  minimized  by  -Choosing  a  resolver  with  a  small 
residual  voltage,  ensuring  that  the  sine  and  cosine  signals  are 
routed  identically  and  removing  the  reference/signals  phase 
shift  (see  section  on  "CONNECTING  THE  CONVERTER"). 
By  taking  these  precautions,  the  extra  error  can  be  made 
insignificant. 

Resolver  Phase  Shift 

Under  static  operating  conditions  phase  shift  between  the  refer- 
ence and  the  signal  lines  alone  will  not  theoretically  affect  the 
converter's  stated  accuracy.  However,  most  resolvers  exhibit  a 
phase  shift  between  the  signal  and  the  reference.  This  phase 
shift  will  give  rise  under  dynamic  conditions  to  an  additional 
error  d^ined  by 

Shaft  Speed  (>ys)  x  Phase  Shift  (d^fm) 
Reference  Frequency 

This  effect  can  be  eliminated  by  placing  a  phase  lead/lag 
network  on  the  reference  signal  to  the  converter  equivalent  to 
the  phase  shift  caused  by  the  resolvra  (see  section  "CONNECT- 
ING THE  CONVERTER"). 

NOTE:  Capacitive  and  inductive  crosstalk  in  the  signal  and 
reference  leads  can  cause  similar  conditions  as  described  above. 

SCAUNG  FOR  NONSTANDARD  SIGNALS 
A  featm^  of  these  converters  is  that  the  signal  and  reference  in- 
puts can  be  resistively  scaled  to  accommodate  nonstandard  input 
signal  and  reference  voltages  which  are  outside  the  nominal 
±  10%  limits  of  the  converter.  Using  this  technique,  it  is  possi- 
ble to  use  a  standard  converter  with  a  "personality  card"  in  sys- 
tems where  a  wide  range  of  input  and  reference  voltages  are 
encountered. 

NOTE:  The  accuracy  of  the  converter  will  be  affected  by  the 
matching  accuracies  of  resistors  used  for  external  scaling.  For 
resolver  format  options,  it  is  critical  that  the  value  of  the  resis- 
tors on  the  S1-S3  signal  input  pair  be  precisely  matched  to  the 
84— S2  input  pair.  For  synchro  options,  the  three  resistors  on  SI, 
S2,  S3  must  be  matched.  In  general,  a  0.1%  mismatch  between 
resistor  values  will  contribute  an  additional  1 . 7  arc  minutes  of 
error  to  the  conversion.  In  addition,  imbalances  in  resistor  val- 
ues can  greatly  reduce  the  common-mode  rejection  ratio  of  the 
I  inputs.  ^     .  , 
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Resohitioo 

Degrees 

Minutes 

Seconds 

Biu  (N) 

(2~) 

/Bit 

/Bit 

/Bit 

0 

1 

360.0 

21600.0 

1296000.0 

1 

2 

180.0 

10800.0 

648000.0 

2 

4 

90.0 

5400.0 

324000.0 

3 

8 

45.0 

2700.0 

162000.0 

4 

16 

22.5 

1350.0 

81000.0 

5 

32 

11.25 

675.0 

40500.0 

6 

64 

5.625 

337.5 

20250.0 

7 

128 

2.8125 

168.75 

10125.0 

8 

256 

1.40625 

84.375 

5062.5 

9 

512 

0.703125 

42.1875 

2531.25 

10 

1024 

0.3515625 

21.09375 

1265.625 

11 

2048 

0.1757813 

10.546875 

632.8125 

12 

40% 

0.0878906 

5.273438 

316.40625 

1,3 

8192 

0.0439453 

2.636719 

158.20313 

14 

16384 

0.0219727 

1.318359 

79.1015* 

15 

32768 

0.0109836 

0.659180 

39.5507S 

16 

65536 

0.0054932 

0.329590 

19.77539 

17 

131072 

0.0027466 

0.164795 

9.88770 

18 

262144 

0.0013733 

0.082397 

4.M3S5 

Bit  WMght  Table 
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To  calculate  the  values  of  the  external  scaling  resistors  add 
1.111  kfi  extra  per  volt  of  signal  in  series  with  SI,  S2,  S3  and 
S4  (resolver  options  only),  and  3  kfl  in  extra  per  volt  of  refer- 
ence in  series  with  Ri,o  and  Rm. 

DYNAMIC  PERFORMANCE 

The  transfer  function  of  the  converter  is  given  below. 

ew        (1  +  sTi)      ' '       "  '"' 

Closed-loop  transfer  fiinction 

flogy  _   1  +   

-Wihere  =  48000  sec"^ 
Ti  =  0.0071  sec 
T2  =  0.00125  sec 

The  gain  and  phase  diagrams  are  shown  in  Figures  3  and  4. 
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Figure  3.  AD2S46  G^n  Plot:j^r 


ACCELERATION  ERROR 

A  tracking  converter  employing  a  Type  2  servo  loop  does  not 
suffer  any  velocity  lag,  however,  there  is  an  additional  error  due 
to  acceleration.  This  additional  error  can  be  defmed  using  the 
acceleration  constant      of  the  converter. 

^   _    Input  Acceleration 

^     Error  in  Output  Angle 

The  numerator  and  denominator  must  have  consistent  angular 
units.  For  example,  if      is  in  sec"^,  then  the  input  acceleration 
may  be  specified  in  degrees/sec  and  the  error  in  output  angle  in 
degrees.  Alternatively,  the  angular  unit  ci^mstaiel-ma^  W&f 
radians,  minutes  of  arc,  LSBs,  etc. 

Ka  does  not  define  maximum  acceleration,  only  the  error  due  to 
acceleration.  The  maximum  acceleration  for  which  the  AD2S46 
will  not  lose  track  is  in  the  order  of  5*  X-jCA  =  238,000  "/sec' 
or  about  660  tevolunons/sec^,  l~ 

Ka  can  be  titsedw  pifjfidict'tSie  output  poalion  error  dm  to  input 
acceleration.  For  example,  for  an  acceleration  of  SO 
revolutibns/sec*  with      =  48000,  .  ■  ;■     .1       ,  .1 

Input  Acceleration  [LSB/se<^y  '■"<  '  - 
Error  m  LSBs  T —  (seT^  

_  50  [nalsec^  x  2'^  [LSB/sec^] 
47662  [sec~'] 

=  6S  LSBs 

RELIABILITY 

The  reliability  of  these  products  is  very  high  due  to  the  exten- 
sive use  of  custom  chip  circuits  that  decrease  the  active  compo- 
nent count.  Calculations  of  the  MTBF  figure  luider  various 
environmental  conditions  are  availaMe  on  le^foest. 

Figure  5  shows  the  MTBF  in  years  vs.  case  temperature  for 
Naval  Sheltered  conditions  and  airborne  iminhabited  cargo 
-  — catcidgted.)a.a«»rdao(»-'«Bjtl>  MIL3HDBK-217E. 
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ORDERING  INFORMATION 

When  ordering,  the  converter  part  numbers  should  be  suffixed 
by  a  two  letter  code  defining  the  accuracy  grade,  and  a  two  digit 
numeric  code  defining  the  signal/reference  voltage  and  fre- 
quency. All  the  standard  options  and  their  option  codes  are 
shown  below.  For  options  not  shown,  please  contact  Analog 
Devices,  Inc. 


AD2S46XD   Y    Z  B 


Base  Part 
Number 


-  High-Rel  Processing 

Z  =  0  Signal  2  V,  Reference  2  V,  Resolvcr 

Z  =  1  Signal  11.8  V,  Reference  26  V,  Synchro 

Z  =  2  Signal  90  V,  Reference  115  V,  Synchro 

Z  =  3  Signal  11.8  V,  Reference  11.8  V,  Resolver 

Z  ^  4  Signal  26  V,  Reference  26,  Resolver 

I     s  Signal  11.8  V,  Reference  26  V,  Resolver 

Y  =  1  400  Hz  ID  2.6  kHz  Reference  Frequency 

X  =  "T"  ±1.3  arc  min  Accuracy 

-55°C  to  +125°C  Operating  Temperature  Range 
X  =  "S"  ±2.6  axe  min  Accufacy 

-SS%:  l»  +12S°C  Opemmg  Tanpaalare  Range 


For  example,  the  correct  part  number  for  a  component  to  oper- 
ate with  a  90  V  signal,  115  V  reference  synchro  format  inputs 
and  yield  a, ±1,3  arc  minute  accuracy  over  the  — SS'^C  to  -(-125'X^ 
temperature  range  would  be  AD2S46TD12.  The  same  part  pro- 
cessed to  high  reliability  standards  would  carry  the  designator  B, 
i.e.,  AD2S46TDl,:BPa^^  ; 


OTHER  PRODUCTS 

Many  other  products  concerned  with  the  conversion  of  synchro/ 
resolver  data  are  manufactured  by  Analog  Devices,  some  of 
which  are  listed  below.  If  you  have  any  questions  about  our 
products  or  require  advice  about  their  use  for  a  particular  appli- 
cation please  contact  our  Applications  Engineering  Department. 

The  SDC/RDCI740/41/42  are  hybrid  synchro/resolver-to-digital 
converters  with  internal  isolating  micro  transformers. 

The  SDC/RDC1767/1768  are  identical  w'flte  SI»emiKlt<fi)  '  ' 
series  but  with  the  additional  feanura  ,^.f^og  vdodty  output 
and  dc  error  output. 

The  OSC1758  is  a  hybrid  sine/cosine  power  oscillator  which  can 
provide  a  maximum  power  output  of  1.5  watts.  The  device  op- 
erates over  a  frequency  range  of  1  to  10  kHz. 

The  DRC1745  and  DRC1746  are  14-  and  16-bit  natural  binary 
latched  output  high  power  hybrid  digital-to-resolver  converters. 
The  accuracies  available  are  ±2  and  ±4  arc  minutes  and  the 
outputs  can  supply  2  VA  at  7  V  rms.  Transformers  are  available 
to  convert  the  output  to  synchro  or  resolver  format  at  high  volt- 
age levels. 

The  AD2S65/66  are  similar  to  the  DRC1745/46  but  do  not  in- 
clude the  power  output  stage.  These  devices  are  available  with 
accuracy  grades  up  to  ±  1  arc  minu^. 

The  AB2S44  and  AIHS34  fe»  I4/bit,  dual  channel  synchro  and 
lesolver-to-digital  converters.  Tbfey  me  mi^Me  wiA  accuracy 
grades  up  to  ±2.6  arc  minutes  and  am  De  sW^^^  'in  surface 
mount  packages. 

The  2S80  series  are  monolithic  ICs  performing  resolver-to-digital 
conversion  with  accuracies  up  to  ±2  stc  piussm  tlA  l(i-bit 
lesolution.   


OUTLINE  DIMENSIONS 
IMmouisns  shown  in  iodia  ^  (mm). 


PIN1 
INDEX 


0.050  10.01 5 
(1.327  1  0.380) 


STAND  OFF 
0.050  10.010 
(1.27  10J54) 


-  1.320  ±0.013  (33,5  t0.331  ' 

-  1.400  10.014  (35.6  ±0.36)  - 


-Hk 

0.018  10.002 
■  {iEli>(iOA51) 


-H  k 

0MO(^M)         0.100  10.002 
TTP  (2.54  10.05)  TYP 

^^.3|^^#!BJ»8(33  ±0.15)  1 


0.594  10.010 
(15.1  10.254) 


0.610  ±0.010 
(15.5  ±0.254) 


0.115  ±0.012 
(2.92  ±0.3) 


0.170  (4.32) 


0.010  ±0.002 
(0.254  10.051)' 


k-  9-600  (15.24)  REF  -»| 
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High  Precision,  Single  Supply 
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FEATURES 

Sbigte'S^Biiplily  Operation  —  — t  — 

Mgll  Aecuraey  (1  ^  are  min)  | 
8-/16-Bit  Bus  Compatible 
t4-/16-Btt  Rasolution 
Built-in  Test  Feature* 
Internal  Rafei«nce  Synthesis  Function 
Automatic  Gain  Control  Circuit 
Pin  Programmable  for  14-/16-Bit  Operation 
High  Tracking  Rate  (7200»/sec-14-B'rt  Mode) 
Analog  Velocity  and  AC  Error  Outputs 
NATEL/DDC  Second  Source 
Manufactured  to  MIL  STD  1772 
36-Pin  DDIP 

APPLICATIONS 
Natel/DDC  Second  Source 
Avionics  Systems 
Servo  Systems 


FUNCTIONAL  BLOCK  DIAGRAM 


I  SR  S      S4  S3  S2  SI 


rrf—?rf-^m<f—-rrn 


RrsConiralt 
Radar  SyalenM 
Stabilccation  Systems 


GENratAL  DESCRIPTION 

The  AD2S47  is  a  high  accuracy  14-/16-bit  resoli 
KsoIver-to>digital  converter  (S/RDC) 

Options  are  available  that  will  accept  90,  26  or  11.8  volt  signal 
levds  in  qmcliro  or  KSob'a:ii)[aiiajSv.T1^  ^. 
accepts  volta^  in  die«H^  20-«>  liS  V  imsr  btmial  reference 
conditiiming  nao^  tte  «aSawmae  ^lase  to  the  signal  input 
phase.  This  eliwiiiatifs  ettott  dtte  to  signal  to  reference  phase 
shifts  in  the  transducer. 

The  AD2S47  operates  at  reference  frequencies  of  either  400  Hz 
or  800  Hz  (see  Ordering  Guide). 

The  AD2S47  operates  on  the  type  2  tracking  loop  principle, 
resulting  in  the  digital  output  continuously  tracking  the  input 
angle.  The  converter  does  not  require  conversion  instructions  or 
wait  states.  The  converter  operates  a  ratiometric  conversion 
technique  which  shows  excellent  noise  immunity  and  repeatabil- 
ity. Using  proprietary  designed  full  custom  integrated  circuits, 
the  AD2S47  achieves  high  accuracy  over  the  full  operating  tem- 
peratme  range.  The  use  of  custom  designed  circuits  inside  the 
device  allows  high  grade  performance  to  be  achieved  at  a  com- 
petitive cost. 

AD2S47  provides  a  cost  competitive  solution  to  S/RDC  require- 
ments. Internal  circuits  fabricated  on  Analog  Devices  linear 
compatible  CMOS  (LC^MOS)  process  minimize  component 
count  and  power  requirements.  The  AD2S47  uses  a  proprietary 
designed  custom  digital  circuit  to  control  all  interfacing  to  the 
device.  The  output  from  the  AD247  is  via  a  16-bit  bus  which 
can  be  placed  in  a  high  impedance  state,  allowing  connection  of 
the  devke  directly  to  an  8-  or  16«bk  (tatt  bus. 


1^  KnPI^T  HIGHUGHTS 


HBEINHC8  BIT 


re^^^^^^ochro/'^^^  ^^^rad 
Second 


«ond  Source  for  Natel  HSRDIWW  &  ^ 
Second  Source  for  DDC  SDC-14531  ~ 
Single  5  V  Power  Supply  Operation.  Single  power  supply  oper- 
atioD^^^^w^iiait  consumption  reduces.System  power  sup- 
s' and  16-Bit  Ftocessm  Bus  CiHqirtlde.  S^f>t^iuM-iaiX3(S~^ 
byte  enable  pins  allow  direct,  ^nple  inter&c&g  td*a!&T 
16-bit  data  buses. 

Pin  Programmable  Selectable  Resolution.  Cotmecting  the  14B 
pin  to  0  V  selects  16-bit  resolution. 

Pin  Programmable  for  Synchro  or  Resolver  Signals.  Connect- 
ing the  S  pin  to  SR  pin  formats  the  device  for  synchro  opera- 
tion. Connecting  the  R  pin  to  the  SR  pin  formats  the  device  for 
resolver  operation. 

High  Tracking  Rate.  Tracking  rate  up  to  20  ip  (7200°/sec  in 
14-bit  mode  (800  Hi  option).  . 

Excellent  Dynamic  Pecformance.  Aeceletation  constant  up  to 
768000,  bandwiSUi  up  to  400  Hz. 

SmaU  Package.  36-pin  DDIP  (1.9"  x  0.775"  x  0.21"). 

Full  Internal  Reference  Synthesis.  Internal  drcpits  compensate 
for  static  and  dynanuc  transducer  reference  to  si^ial  phase 
shifts. 

Analog  VelociQr  OiUpitt^Analog  signal  whieh  aGCBtat^ 
seo»  the  aiqsular  1 


Plj^iofotmatlon  applies  to  a  product  under  development  Its  characteriatics  and  speciSGations  ate  subject  toisimBBe  iWIIiimiC  ligUagl 
Analog  Devices  assumes  no  obligation  regarding  fyture  manu<actk|i»unless,otbervvise.agFeed  to  in  writing^--;  •\.>-:^  e9'>iv«a  QotcrA 


pey.o 


Parameter^ '^K^iL^-^rN 

AD2S47 

ACCURACY  -~  

!  Resolution 

'    ,   ;t  . 

■> 

14 

16 

2.6 
1-3 

Bits 

Bits 

1 

' — ERorfAccinacjr)  

arc  min 
arc  min 

S  Options 
T  Options 

REFERENCE  INPUT 
Voltage 
Freqnency 

Input  Impedance 

Common-Mode  Range 

20  130 
360       400  1000 
700       800  3000 
300 
600 

250 

V  ims 
Hz 
Hz 

kn 

kn 

V  dc 

400  Hz  Options 

800  Hz  Options 
Single  Ended 

Differential 

Includes  Recurrent  AC  Peal< 

SIGNAL  INPUTS 
Synchio/Resolver 
Input  Voll|ige  1^^'-  - 

Input  Impedance 
Matching 

Conuum-McdeJSaage. 

Y 

Common-Mode  Rejection 
Harmonic  Distortion 

8.26       11.8  15.34 

18.2      26.0  33.8 

63.0      90.0  117.0 

35.0 

70.0 

78.0 

156.0  1 

540.0             ^  - 
0.1 

»       ^  ;  200.0 

Vrms 

V  rms 

V  rms 
kn 

kn 
kn 

wi 

k:n 

% 

V  peak 

V  peak 

V  peakj^  .  ^ 

11.8  V  Options  tprSAttA  Aasuiaosft . 
26.0  V  options  B> JtMEd  Acaizaer! ' 
90  J  V  C^ons  to  Rated  Accuracy 
1 1%V  Options,  Single  Ended 
11.8V  Options,  Differential 
26.0  V  Options,  Single  Ended 
26.0  V  Options,  Differential 
90.0  V  Options,  Single  Ended 
90.0  V  Options,  Differential 
All  Options 

11.8  V  Options         ^        .  ,  , 
zD.u  V  uptions  * 
90.0  V  Options 

DC  to  1  kHz                     '  ■  f 
To  Full  Rated  Accuracy 

REFERENCE  SYNTHESIZER 
Maximum  Phase  Shift 
Reference  to  Signal 

±45  ±60 

Degrees 

To  Full  Rated  Accuracy 

DIGITAL  INPUTS 
Logic  Levels 

Iiqiut  CU^ralte' - 

HBE,LBE                     ^  ' 

.ir' >  >!■  i"  '-'     t/io*5,B  ><,  ■J  .'...;*-'  J 
■  -   i     ■     „     ■■•  i  I'^r.-jfi          ■   ■  ' 
.  -  ,   ,  -  ^  -  ^    -  >  a:-       ■■  ■ 

-0.3  0.8 
2.4  5.0 

'  '•i-'^-'    ■-  J  ■ 

Vdc 
Vdc 

|iA 

(lA ;                ■-■  . 

Vl  =  5  V 
Vl  =  5  V 

Pulled  Dowta  to  GND  Internally  May 
BCvLeft  Uncoimected  When  Not  in  Use. 
PulledUptoVi,  Internally,  May  Be  Left 
Unconnected  When  Not  in  Use. 

DIGITAL  OUTPUTS 
(B1-B16,CB,BIT)      -r.  ; 
Drive  Oqnbility 

Logic  1 

Hi^  'Z'  Ouqsttt 
Leakage  Cuii^t  (Bl^B16) 

.      >^J^-.  ■' '  :Sa.J- 

1,  .  '  ■ 

1.6 
—  1.6 

±10 

LSTTLLoad 

mA 

mA 

)iA 

@  0.4  V  dc  (Sink  Current) 
@  3.0  V  dc  (Soiuce  Current) 

ANALOG  OUTPUTS               :  ■  - 
V  (Bias  Voltage) 
E  (AC  Error) 
Drive  Capability 

1.93      2.15  2.37 
750 

±1 

Vdc 
mV  rms/° 
mA 

Vl  =  5  V 
Referenced  to  V 
All  Analog  Outputs 

.ti:  :  L'Et,  .!■]        I        •     >J  ■ASJSSJii  50/  --ili 

This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  othenvise  agreed  to  In  writing. 
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REV.O 


Conditions 


VELOCFTY-OinEWrr  -^^-^ 

..1,  SeO/eVmar  ■  ,  ■ijf-.-^- 


-Stale  Fader  1 
Scale  Waem  Wvmm-^e^^ 


tSOO 


Nanlineaiily  Tenqioo 
Power  Supply  SiulSAvilf 
Output  CMB^ 
Revemon  Enor 


0.209 

mV/°/sec 

0.835 

mV/°/8ec 

0.305 

inV/°/8ec 

1.220 

mV/°/sec 

-1 

%  pGt  ^ 

V  dc  @  72007sec 

1.5  . 

V  dc  @  18007sec 

1.5 

V  dc  @  50007sec 

1.5 

V  dc  @  12507sec 

±5 

%  of  Full  Scale 

±2 

%  of  Full  Scale 

■i.i'  ■ 

±200 

ppni/°C 

0.1 

%  per%  - 

±20 

±20 

±10 

±10 

AVTxmm&iHimmmmL  (agq 

,;,r--,  •.    ■  -'V  .  ^  ■-■'1 
Range 


DYNAMIC  CHARACTERISTICS 

Trackii^Rate 

■■     x     ,  .  :  ■■}jSvx.  i-H' 

Accdeiation  Canstant 
Bandwidth 


Small  Step  Settling  Time  (<1.4'C) 


Large  Step  Settling  Time  (179°C) 


Mi^ltive  for  Tifeawing  Iliput 
ilSmz,  14-Bit{2l»le  (@  4-2S*Q 
86^,  le-Bitri^  (#  4-25°<Q 
40b:Hz,  14-Bit-M|de(@  +2SrC} 
400  Hz,  16-Bit  Mgde  (@  +25^ 


800  Hz,  14-Bit  Mode  (@  +25°C) 
800  Hz,  16-Bit  Mode  (@  +2i''Q 
800  Hz,  14-Bit  Mode  (@  ■l-25°C) 
800  Hz,  16-Bit  Mode  (@  +25°C) 
800  Hz  Oprioni'-'  '^l, 
400  Hz  Options  " 


@  +2S°C 
All  Options 


iverter  Performance  Is  Maintained 
with  ±30%  Signal  Anq>litude  Va4gtion, 


800  Hz, 
800  Hz, 
400  Hz, 
400  Hz, 
800  Hz, 

400  Hz, 
400  Hz, 
800  Hz, 
800  Hz, 
400  Hz, 
400  Hz, 
800  Hz, 
800  Hz, 
400  Hz, 
400  Hz, 
800  Hz, 
800  Hz, 
400  Hz, 
400  Hz, 


l+;BitMqds.. 
16-Bit  j«lode 
14-Bit  Mode" 
16-ntMode 

l#mM«defc 
14-Bit  Mode 
16-Bit  Mode 
14-Bit  Mode 
16-Bit  Mode 
14-Bit  Mode 
16-Bit  Mode 
14-Bit  Mode 
16-Bit  Mode 
14-Bit  Mode 
16-Bit  Mode 
14-Bit  Mode 
16-Bit  Mode 
14-Bit  Mode 
16-Bit  Mode 


3 

V  It 
3  11 

i 


"TDT 


POWER  SUPPLX 
Voltage 
Current 

Power  bissipation 


To  Rated  Accuracy 
All  Options 
AU  Options 


PHYSIC^;.  QElARACSIgllSTICSi 
Dimensioiis 
We«ht 


36-Pin  Hean^  DIKFi    .  . 
1.78  X  1.9  X  0.21  Inches  (20  x'i48  i£^5i3irain> 
0.6  oz  (17  g)  Maximum 


Spedficatians  subject  to  change  without  notice. 


RECOMMENDED  OPERATING  CONDITIONS 

Power  Supply  Voltage  (V^  to  GND)'   +5  V  dc  ±  IC/t 

Reference  and  Single  Frequency^'  ' 

400  Hz  Options  400  Hz  ±  10% 

800  Hz  Op6ai»   800  »e  ±  10% 


Signal  Voltage 

11.8  V  Options   11.8  V  rms  ±  30% 

26.0  V  Options   26.0  V  rms  ±  30% 

90.0  V  Options   90.0  V  rms  ±  30% 


Reference  Voltage  .  . 


20  to  130  V  rms 


Ambient  Temperature  -.  --S5°C  to  +  125°e- 

This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  VIMSsi^to^bi 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  In  writing. 
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AQ2S47 


WS  CONFIGURATION 


s,[T 

S2[^ 

ss[T 

S4[4 

sE 

"E 

"hU 
Via.  EI 

hhOI 

eg  ^ 
Bn-[« 

1«|l6 

lbeQt 

GN0|l8 


^H8E 

u]bi 

32]  B3 
31]  84 


TOP  VIEW 
(Not  to  Scale)  I 


JBIO 


;  ABSQHJaTE  MAXIMUM  RAnNGS"   

Power  Supply  Voltage  (Vl  to  GND)  .TiWTU'.  .  .  +5.75  V,dc 
Any  Logic  Input  to  GND  (Positi«e)  +8*50  V  dc 

Any  JUpgic  Input  to  GND  (NegaSw)  .  .  . .  .i/.,^4ri094O  V  dc 

Storage  Temperature  Range   -'65°C  to  +  150°C 

Operatiog  Temperature  Range   -55°C  to  +125°C 

Signfd  Voltage 

11.8V  Options   •omBw'E  1-  -ilSsS  V  tins 

26.0  V  Options   '."((^'jjs^.wwsl  ^  .  V.rms 

90.0  V  Cations  .;  444:9  V  nns 

Reference  Voltage  :  *i,t.i  .-.  .  18©.©  V  nns 

NOTES 

^Correct  polarity  must  be  maintained  on  the  Vl  pin  with  respect  to  the  ground 
pin  (GND). 

^Signal  and  reference  harmonic  distortion  <  10%.  •  Jii  •  f 

'Phase  shift  between  reference  and  signals  ±4S°C. 

^Absolute  mBTfimiiin  xatiiigs  are  values  beyond  which  damage  to  the  device  wUl 
occur. 


PIN  FUNCnON  DESCRIPTION 


Pin  Mnemonic  Description 


1 

SI 

2 

S2 

3 

S3 

4 

84 

5 

s 

6 

SR 

7 

R 

8 

9 

10 

11 

V 

12 

E 

13 

INH 

14 

CB 

15 

BIT 

16 

14B 

17 

iM 

18 

GND 

19 

DB16 

to 

to 

34 

DBl 

35 

IQE 

36 

Sine  Lo  for  resolver  operation. 
Cosine  High  for  resolver  operation. 
s  Low  for  resolver  operation, 
iw  for  resolver  operation, 
'operation,  do  not  coaoect  for  resolver 

sjp:lij^peration  connect  to  R  (Pin  7)  for  resolver 


Signal  input,  connect  to  synchro  SI  for  synchro  operation. 
Signal  input,  connect  to  synchro  S2  for  synchro  < 
Signal  input,  connect  to  synchro  S3  for  syncl 
Signal  input,  do  not  connect  for  syndvp  op 
Synchro/Resolver  programmmg.|S^fA9^1b^R  ( 
operation. 

Synchro/Resolver  progptamming  pin,  connect  to  9fl 
operation. 

Synchro/Resolver  programming  pin,  connect  to  SR  (Pin  6)  for  resolver  operation,  do  not  connect  for  synchro 
operation. 

Reference  low  input,  connect  to  reference  signal  lqpp'(ground)  side.  ,  j., 

R^^^Qop'liij^  ii^t^  connect  ta  reference  signal  higb- 

Vdpci^  OlWot  #1  vieltage  proportional  to  the  speed    rota^OQ  of  the  input  signals.  Negative  voltage  output  for 
mcranmg  MpKt  ai«g{e.  Note:  Measurement  reference  for  this  «gnal  is  V,  Pin  11. 

Bias  signal,  measurement  reference  for  velocity  and  ac  error  output. 

Error  voltage,  ac  signal  at  reference  frequency  proportional  to  the  instantaneous  error  of  the  converter.  Note: 
Measurement  reference  for  this  signal  is  V,  Pin  1 1 . 

Inhibit  input.  Logic  low  appUed  to  this  pin  latches  the  digital  output  word  and  prevents  further  updates.  Does  not 
affect  the  operation  of  the  tracking  loop.  Internally  pulled  high,  can  be  left  unconnected  for  continuous  output. 

Converter  Busy.  450  ns  wide  positive  going  pulse  indicating  that  an  LSB  update  is  occuring.  Output  data  may  be 
read  on  the  trailing  (falling)  edge  of  CB. 

BuiM-In-Test.  Logic  hi^  output  indicates  either  a  tracking  aim  of  greater  the  ±  1°  or  a  loss  of  signal  or  reference 
conMJ^Ons,"  ■  '  '  '       -  ' 

Output  resolntion  control,  allows  operation'i€  die  converter  lb  14-bit  mode.  Internally  pulled  high,  logic  "1"  results 
in  the  converter  operating  in  14-bit  mode. 

Low  Byte  Enable.  Data  output  bits  DB9  to  DB16  enabled  when  a  logic  "0"  is  applied  to  LBE,  intetdaUy  ^ill^  to 
groimd,  so  may  be  left  imconnected  if  the  bits  DB9  to  DB16  are  to  he  permanently  enabled.  ->  ' 

FbweT  siq^jr  growid.  i—   ,       _  ' 

Digital  output  datt.  Bit  I  (MSB)  to  Bit  16  (LSB).  In  14-bit  mode,  Bits  15  and  16  vrill  be  logic  low. 

High  Byte  Enable.  Data  output  bits  DBl  to  DBS  enabled  when  a  logic  "0"  is  applied  to  HBE.  HBE  is  internally 
pulled  to  groimd  and  so  may  be  left  vmconnected  if  the  bits  DBl  to  DB9  are  to  be  permanendy  enabled. 
Positive  power  supply,  +5  V  dc  ±  10% 

This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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flItV.O 


ANALXXa 


.  w  Digital-tOrtesolver 


3-.  ; 
tbB  1 


AD2S65/AD2S66 


FEATURES 

Single  Rank  Transparent  TTL  or  CMOS  ( 
Latched  Input  Registers  With  High  and  I 
Byte  ENABLE 

Accuracy  ±1,  ±2  or  ±4  Arc  Minutes  ^ 
Resolution  14-  or  16-Bit  { 

Very  Low  DC  Offset  VoKage  

Autonulling  Option  AvaiMMft #liMfnely  Low  DC 

Offset  Voltage) 
Output  Drive  Capability  4.3  mA  Peak  into  IMMtfil^  ' 

Inductive  or  Capacitive  Loads   

Low  Radius  VwHw  %tlllMton  OJBSSk  ^MlilffMMiMiM  < 

Ratio) 

±15  V  DC  Power  Supplies  Only  '  ^ 

DC  to  2.6  kHz  Depending  on  Option  (to  10  kHz  with  !  i 


Reduced  Accuracy )i  |  '  >' 

Low  Power  Dissipation 
32-Pin  Welded  Metal  PaekafK 
Hermetically  Sealed 

Protection  AflatiiM  4-200%  Overload  on  Analog  Input 
Microprocessor  Compatible  (8  or  16  Bits) 

APPUCATIONS 

Polar  to  Rectangular  Coordinate  Conversion 
Missile  and  Fire  Control  Systems 
Simulation  Systems 
Low  Frequency  OadllatOK 
PPI  Displays 
Radar  and  I 
AvioniGs 
Axis  Rotation 
Ffight  iMtniiiieiilalioii 


GENERAL  DESCRIPTION 

The  AP2S6S  and  AD2S66  are  hybrid  digital-to-iesolver  convert- 
ers wfaidi  accept  a  i4^btt  or  16-lrit  digitid,  natural  binary  input 
jBord  nqnesenting  angle,  and  ( 
voltages.  - 

The  AD2S6S  and.  AD2S66  are  pin  compadbie  replacements  for 
the  previous  generation  bRC1765  and  DRC1766  digital-to- 

resolver  converters,  respectively. 

The  SIN  and  COS  output  voltage  signals  are  internally  multi- 
plied by  the  analog  input  reference  voltage,  thus  the  SIN  and 
COS  outputs  are  amplitude  modulated  at  the  input  reference 
frequency.  •  -.: 


FUNCTIONAL  BLOCK  DIAGRAM 

4 15V    -1SV  GNO 


<5>— (^D— ^ 


..i4l|..i|iM    Mnnu.  cise 

NOTE:  Au>  QND.  AND  SIO  GND  ARE  INTERNAUV  CONNECTED. 

The  analog  input  reference  voltage  can  either  be  dc  or  ac  voltage 
of  frequency  up  to  10  kHz.  For  the  extremely  lovp  dc  offset  au- 
tonulling part,  the  frequency  range  is  covered  by  two  options, 
50  Hz  to  2.6  kHz  and  36011^  »  2.$  kiboiiMi  «r#  |B7;  widi  r 
reduced  accuracy). 

The  digital  input  word  to  the  converter  is  latched  with  transpar- 
ent high  and  low  byte  ENABLE  commands  to  facilitate  easy 
interface  to  microprocessor  systems.  The  input  latches  are  TTL 
and  CMOS  compatible  uoU^^  component  ^qf^K^.gi^j  ^  ^ 

The  devices  are  available  in  iecbiacy  glades  of  ±1,  ±2  atti  ±4 
arc  minutes.  Please  see  ordering  information.  ,  ~ 

A  particularly  useful  feature  of  the  converters  is  their  low  dc 
output  offset  voltage  (±2.S  mV  typ).  The  autonulling  option 
(see  ordering  information)  offers  an  extremely  low  output  offset 
voltage  (±0.S  mV4yp).  The  output  vnliagr  dr  offset  remains 
constant  over  the  fiequency  range  and  opw&tg  tempeijituie  of 
the  converter.  The  low  offs^  voltage  chataewjisdc  j 
means  that  external  trim  adjustments  are  not  lequ 
larly  important  in  display  and  test  applications. 

The  converters  have  a  closed  loop  bandwidth  of  300  kHz  and 
are  capable  to  drive  into  a  . load  wliich  can  be  inductive,  resis- 
tive, capacitive  (to  the  extent  of  15  nF)  or  a  combination  of 
above. 

A  further  feature  of  the  converters  is  that  the  radius  vector  vari- 
ation (Transformation  Ratio)  is  very  low  at  0.03%.  This  means 
that  the  individual  SIN  and  COS  outputs  are  both  indepen- 
dently accurate  which  is  important  in  coordinate  conversion, 
display  applications,  simulation  and  test  of  resolver-to-digital 
cottvertps.  - 


(j.MHja^.i®! 


;DIGITAL  iNPxrr 

1 

14  Bits 
^3  afc  min 
fir  Bit) 

16  Bits 
(19  arc  sec 
Per  Bit) 

14  Bits 
(1.3  arc  oiin 
Per  Bit) 

16  Bits 
(19  arc  sec 
Per  Bit) 

DIGITAL  INPUT  FORMAT 

fflr^rT  A.K,. 

Parallel  Natu  ral 

'■Bimipy  '  ■  '  ' '  ■ 

* 

* 

* 

TTL  and  CMOS  Compatible 

RECOMMENDED  ANALOG 
INPUT  (Vrep) 

3.4  Volts  rms 

* 

* 

OUTPUT  (SINE  AND 
COSINE)  WITH  RECOM- 
MENDED ANALOG  INPUT 

6.8  Volts  rms 

* 

* 

Refer  to  Gain  Section 

GAIN' 

2  ±0.1% 
N/A  i  1 
N/A 

1 

* 

N/A 
N/A 

N/A 

1.98  ±0.1% 
1.98  ±0.1% 

N/A 

*« 
** 

Option  XIZ  dc  to  2.6  kHz 
Option  X2Z  50  Hz  to  2.6  kHz 
Option  X3Z  360  Hz  to  2.6  kHz 
See  Figure  4 

OUTPUT  TEMPERATURE 
COEFFICIENT 

5ppin/^ofFSR(typ) 
25  ppm/°C  of  FSR  (max) 

* 
* 

* 
* 

* 
* 

.   ■  . . 

ANALOG  INPUT 
FREQUENCY-RiOIGE"- 

dc  to  2.6  kHz 

(dtf  tthO  IEH2  

tndl  Reduced 
AcMa^)'  .> 

N/A 
N/A 

* 
* 

N/A 
N/A 

N/A 

50  Hz  to  2.6  kHz 
360  Hz  to  2.6  kHz 
(to  10  kHz  With 
Reduced  Accuracy) 

N/A 

** 
** 

0|HbnX2Z      J  ." 

Opmsi;^ 

ANALOG  INPUT  IMPEDANCE 

10.2  kn 

* 

* 

* 

±5%  Resistive 

ANALOG  OUTPUT 
IMPEDANCE 

2  mfl  (typ) 
20  mn  (max) 

* 
* 

* 

* 
* 

ANALOG  OFFSET  VOLTAGE 

±2.5  mV  (typ) 
±]2mV<aiaz)  - 

■  *" 

±0.5  (typ) 
±2.5  (max) 

* 

oimWDRlvfe  e»«Bitrry 

4.3  mAp^ 
@  *10  V.itoak 

* 

* 

* 

OUTPUT  PROTECTION 

'**'                   Outputs  May  Be  Grounded  Indefinitely 

RESPONSE  TO  A  ST#  nJHIT 

^.fjbs  (max)  to  Within 
Accuracy  of  Converter. 
Any  Size  St^S^t 

* 

* 

* 

f/ 

,  .^*r?       ,  .        .X  .  1,;,. 

...  ■ 'Ta 

VECTOR  ACCURACY 
Radius  Error           v  -  .  ' 
Angular  Error 

0.03% 

±2,±4  ^ 

arc'liiin 

■'I    ......  ^,  - 

* 

±1,  ±2,  ±4 

* 

±2,  ±4 

* 

Refer  to  Frequency 
Option.  See  Figuire  3 

DIGITAL  INPUTS  (BIT  1-BIT  16) 

2.0  V  dc  min 
0.8  V  dc  max 

* 

* 

* 

■H5V=15Vdc 
I,H  =  1  |iA 
I,L  =  I  |iA 

DIGITAL  INPUTS 
(ENABLE  M,  ENABLE  L)" 

v,„ 

2.0  V  dc  min 
0.8  V  dc  max 

* 

* 

* 

+  15  V  =  15  Vdc 
I,„  =  1.5  tiA 
1,1.  =  1.5  ^A 

DIGITAL  INPUTS 
LEAKAGE  CURRENT 

±  1  |i,A  max 

* 

* 

* 

+  15  V  =  15  Vdc 

DATA  SETUP  TIME' 
(DATA  TO  ENABLE  M,  L) 

40  ns  min 

* 

* 

* 

+  15  V=  15  Vdc 

HOLD  TIME  (DATA' 
TO  ENABLE  M,  L) 

25  ns  min 

* 

* 

* 

+  15  V=  15  Vdc 

MINIMUM  PULSE  WIDTtf 
(DATA  TO  ENABLE  M,  L) 

40  ns  min 

* 

* 

+  15  V  =  15  Vdc 

—   — F  "'-'^ci^g^^^g 

3-36  S/D  CONVS8TBBS 
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POWER  SDI^njIS 

+  15  Volts 

-15  Volts 

26  mA  (typ)  32  mA 
(max) 

15  mA  (typ)  23  mA 
(max) 

* 
* 

* 
* 

* 
* 

TEMPERATURE  RANGE 
Operatiiig 

Storage 

-55°C  to  +125*C 
0  to  +70°C 
-65Xto  +150°C 

* 
* 
* 

* 
* 
* 

* 
* 

*" 

Option  4YZ  < 
Option  5 YZ                   /  •  » 

DIMENSIONS    ..  ..... 

1.75"  X  l.r  X  0.225" 

* 

32-Pin  Bonom  Brazed 
Ceramic  T  DIP 

* 

* 

* 

15  Grams  (typ) 
20  Gzams  (max) 

* 

* 
* 



* 

-  — 

NOTES 

'See  Figure  4. 

^ENABLE  M  enables  most  significant  8  bits. 

ENABLE  L  enables  least  significant  6  bits  in  case  of  AD2S6S,  8  bits  in  case  of  AD2S66. 
^Specifications  same  as  AD2S6S. 
^^Specifications  same  as  AD2S6SAN. 
Specificatioas  subject  to  change  without  notice. 

Specifications  shown  in  bold  face  are  tested  on  all  production  units  at  nominal  values  of  power  supply,  signal  voltage  and  operating  frequency. 


-.in  d! 


ABSOLUTE  MAXIMUM  RATINGS' 

Power  Supply 

+  15      to  GND   .  .  ;    ;  .  .  .  +17  V  dc 

-ISV'toGND   -17Vdc 

Analog  Input  Ah,  to  Alo  (Peak)  ^Vgum^Y 

Common  Mode  Range,  ^VguppLy 

Any  Logical  Input  to  GND  .......  -0.4  V  dc  to  +5.5  V  dc 

Case  to  GND  .  /; : ;.  j  -..s  . .  .  ±20  V  dc 

Storage  Temperature  Range   i  ,jT^°C  to  +I50X 

Operating  Tempetattuie  Range 

Extended  Temperal^ise  t'^B^  to  +12S"C 

Commercial  Temperature  {.^^fg^ti-  ■  0  *WK 

NOTES  0  I  K,  -le 

'Absolute  maximum  ratjnpi  aie  thole  ^^tnul  «Mch  doMwr  «i  ^ 

device nmy  occur.   '  ■  " 

'Correct  polarity  volwges        be  mnaoted  fflf^the  +15  V  and  -15  V  pins. 

RECQIIfMENQ^if^RATING  CONDITIONS 
Power  Siipidjr 

+  15  V*  ...  J  .  1.  .f.  ;4u»»*..ii'..  .  r .   +15  V  dc 

-15  V'   -ISVdc 

Analog  Input^  Ahi  to  A^o   .  .  .  VJ  i     .     3;4  V'tna 

Analog  Input  Frequency  Range  '  "  .  , 

Option  XIZ  dc  to  2.6  kHz 

Option  X2Z  (AutonuUing)  50  Hz  to  2.6  kHz 

Option  X3Z  (Autonulling)   .  i  to  2.6  k^ 


Digital  Input  Format   .  .  .  .^.^  .  .  .  .  Parallel  Natural  Binary 

Operating  Temperature  Rangs 

Option  4YZ  (Extended)  1  -55°C  to  +125°C 

Option  5YZ  (Commercial)   0  to  +70°C 

NOTES 

'Power  supply  tolerance  (+15  V,  -15  V)  ±5%. 

'The  analog  input  voltage  may  vary  to  user's  requirements  from  below  1  V  rms 
to  4.2  V  rms  m  simulation  and  test  applications  where  the  required  output 
Tohage  is  in  the  range  of  2  V  rms  to  8.4  V  rms  (1 1.9  V  peak). 


'  rf  into  ■ 


BIT  WEIGHT  TABLE 
BkNttiiV&  -^'      '  Weiglit  in  Degrees 

■^.0000 
45.0000 
22.5000 
11.2500 
5.6250 
•'2.8125 


1  (M^) 

'4 
5 
6 
7 

8   •  ' 

9 

10  : 
11 

12  •  --'^  ■ 
13 

14  (LSB  AD2S6S) 
15 

16  (LSB  A12QS66} 


0.7031 
0.3516 

0.1758 
0.0879 
0.0439 
0.0220 
0.0110 

o.ooss 


CAUTION   

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  imcoimected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  pfMS^Rt  finrn 
should  be  discharged  to  the  destination  socket  before  devices  are  inserted. 


WARNING! 
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The  power  consumption  of  the  AD2S6S  and  AD2S66  is  paiticu- 
iaily  low  by  utilizing  HCT  series  latches  and  only  requires  ±15 
volt  power  txipptf  aOs. 

An  additional  feature  of  the  convorters  is  the  extended  tqieniting 
frequency  range,  dc  to  10  kHz  for  the  standard  products, 
SO  Hz,  3<S0  Hz  to  10  kHz  for  the  aumnnUmg  options;  pleate  see 
die  i^iopmiit  gfapte  for  accuracy  and  gun  verHis  &e^pin^:~ 

Separate  ENABLE  iiiputs  for  the  hi^  and  low  bytes  facilitate 
easy  interface  to  any  8-  or  16-bit  microprocessor  system  bus. 

The  converters  are  housed  in  a  32-pin  DIP  solid  miem^  hybnd 
metal  package  and  are  hermetically  sealed. 

MODELS  AVAILABLE 

The  AD2S6S  has  a  resolution  of  14  bits  (1.3  arc  min)  and  is 
available  with  accuracies  of  ±2  and  ±4  arc  minutes.  The 
AD2S66  has  a  resolutimi'Of  16  bits  (19  arc  sec)  and  is  available 


,lii(^^«uracies  of  ±1,  ':t2  and  ±4  arc  minutes.  Both  modeU,  ... 
c^enle«yetthe  frequency  range  dc  to  2.6  kHz  and  with 
reduced  accuracy  to  10  kHz. 

There  is  the  autonuiling  opti«m  available  to  both  models;  the 
accuracies  are  tbe;auneiB  atwyei  but  the  operating  fnqamy 
range  is  SO  Hz  to  2.6  kHz  ted  StiO  Hz  to  2.6  kHz,  both  with 
reduced  accural?  to  to  kHz;  '   v:^  j,  -,. 

Models  are  available  to  operate  over  the  military  temperatinc 
range  (-55°C  to  +  125°Q  and  also  the  commercial  temperature 
range  (0  to  +70°C). 

All  models  are  available  processed  with  high  reliability  screening 
standards  (Suffix  B)  which  receive  funher  levels  of  testing  and 
screening  to  ensure  high  levels  of  reliabilior.  More  information 
about  the  option  codes  is  given  under  the  heailMl%  Orde^tg  i 
Information. 


PIN  FUNCTION  DESCRIPTION 

Pin    Mnemonic  Description 


PIN  CONFIGURATION 


1-16 
1-14 

17 
18 
■19 

20 
21 

P.. 

23 

24 


26 
27 
28 
29 
30 
31 
32 


Bit  1-16  (AD2S66) 
Bit  1-14  (AD2S65) 

COS 
SIN 

-   C]  I' 

GSD 
-15  V 

■■-t-iJ  V'  ,"""  ■■' 

NIC  •'•••r  ' 
ENABLE L 


25     ENABLE  M 


Abo 
CASE 
N/C 
N/C 

N/C 
N/C 


Parallel  digital  input  angle. 
Bit4S4tnd  Bit  16  are  ^K^,    .  . 
Cosine  signal  output. 
Sine  signal  output. 
Output  signab  ffotwi  Qofipssxion  . 

,0V).  ,       ;;v,  - 

Power  supply  0  V  connection. 

Main  negative  power  supply. 

jMain  positive  power  supply.  ' 

<#)o  cdmieaiQCi.  ■ 

Input  latch  enables  the  8 
(AD2S66)  or  6  (AD2S65) 
least  significant  bits. 

Input  latch  enables  the  8  most 
significant  bits.  Logic  HI  causes 
the  input  to  appear  transparent, 
the  converter  output  follows 
the  changes  on  the  digital  input. 
Logic  LO  the  converter  output 
will  be  latched  at  the  level  of 
previous  digital  input. 

Input  pin  for  the  reference  signal. 
Input  pin  for  the  re&s^feiice  sitpial. 

Should  be  connected  to  0  V  (GND). 
No  coimection. 
Nocoanectkin.  '  ~  '  ! 

No  connection.         ,  ; 
No  connection. 


(MSB)  err  1 

BITS 
BIT4 
BITS 
BITS 

an' 7 

'  ,,fllT,» 

BiTa 

'WTIO 
BIT  11 
BIT  12 
BIT  13 
BIT  14 

arris 

(LSB)IBmE 


0 

@ 

-la::!     ■  ■:  ■..  .v 
jj          ■ .  =- 

M/C 

© 

® 

N/C 

© 
© 

@ 
@ 

'HHS  ' 

CASE  ^ 

© 

@ 

;:■ 

© 

@ 

© 

AD2S66 

® 

ENABLE  M 

© 

TOP  VIEW 
(Not  to  Scale) 

@ 

EIMBLEL 

® 

@ 

N/C 

® 

@ 

+15V 

@ 

-1SV 

® 

@ 

GND 

® 

® 

SIGGND 

® 

® 

SIN 

© 

® 

COS 

NOTE:    FOR  AD2S«5.  BIT  14  IS  LSB. 

BIT  15  AND  BIT  16  ARE  NOT  CONNECTED. 


THEORY  OF  OPERATION 

The  analog  input  reference  voltage  signal  (V,  sin  ut)  applied 
between  Ahi  (analog  input  HI)  and  A^q  (analog  input  LO),  is 
multiplied  by  both  sine  and  cos6,  where  6  is  the  angle  repre- 
sented by  the  digital  input  word. 

The  resuhant  TEsolver  feimat  output  voltages  at  pins  sin  and  cos 
are: 

Vo  sin  =  GVj  sin  cot  sin  e  (sine  output) 

Vq  cos  =  GVj  cos  lot  cos  e  (cosine  output). 

Note:  Convener  Gain  G  is  typically  x2  (input  to  output). 
There  is  a  reduction  of  1%  due  to  autonull  circuit  (see  relevant 
options).  Please  see  specifications  section  and  graphs  of  gain 
versus  frequency. 

All  the  signal  inputs  and  outputs  are  with  reference  to  SIG 
(aa>  (Signal  Ground). 
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+UV  -lev  OND 


SINE  MULTIPLIER 


E7 


COSINE  MULTIPLIER 

13" 


7 


TRANSPARENT 
LATCHES 


^5— ®— 


'CMS 


J  LBE    HBE      DIQITAL  CASE 

INPUT 

NOTE:  Auy  QND.  AND  SIS  QND  ARE  INTERNAUY  CONNECTED. 

Figure  J.  AD2S6S/AD2S66  Functional  Black  Diagram 

CONNECTING  THE  CONVERTER 

The  connections  to  the  AD2S65  and  AD2S66  are  very 
straightforward. 

The  digital  inputs  should  be  connected  to  the  converter  using 
Pins  1  (MSB)  through  14  (LSB)  in  the  case  of  the  AD2S65  and 
thn)u^.l6  (LSB)  in  the  case  of  the  AD2S66.  The  format  of 
the  digitst  uigoMMiiM  iM      *e  "Bit  Weight  Table" 
section. 

The  digital  input  control  lines  should>be  conneeied  as  deseiAied 
under  the  "Digital  Data  Input"  section. 

The  anal(%  inpiat  i^rence  voltage  (Vkef>  Ahi  tti  A^o)  should 
be  connected  to  Aj,!.  It  should  be  noted  that  this  is  a  single 
ended  amplifier  input  where  A^q  is  grounded  internally  (also 
connected  to  GND  and  SIG  GND).  If  it  is  desir^,  the  ; 
signal  input  can  be  externally  isolated  using  the  STM168O'0f 
5S72  series  of  reference  input  step  down  transformers. 

Alternatively  the  analog  input  reference  voltage,  Vssf,  can  be 
tasaciaS^  lesistively  scaled  to  cater  for  a  wide  rai^  ^  input     x  ■ 
voltages.  Ple^  see  the  section  on  "Resistive  Input  Sealing."  ^ 

The  CASE  pin  is  joined  to  the  case  which  is  isolated  and  should 
be  connected  to  a  convenient  zero  potential  (GND)  point  in  the 
system. 

The  sine  and  cosine  voltage  outputs  are  taken  from  the  SIN  and 
COS  pinSrwifli  SIG  GND  as  the  conmion  connection. 

DIGITAL  DATA  INPUT 

The  digital  input  to  the  converters  is  internally  buffered  by 
transparent  latches.  The  latches  are  both  CMOS  and  TTL  com- 
patible (type  54HCT373). 

The  ENABLE  M  input  controls  the  input  of  the  most  signifi- 
cant 8  bits,  and  the  ENABLE  L  input  controls  the  input  of  the 
least  significant  6  bits  in  the  case  of  AD2S^,  8  least  significant 

bits  in  the  case  of  AD2S66. 

A  logic  HI  on  the  control  Hues  causes  the  input  to  appear  trans- 
parent and  the  converter  output  will  follow  the  changes  on  the 
digital  inputs.  When  ENABLE  M  and  ENABLE  L  are  taken  to 
a  logic  LO,  the  converter  output  will  be  latched  at  the  SIN, 
COS  v^age  levels  (angle)  represented  by  the  digital  input  data 


at  the  low  going  edge  of  the  ENABLE  L,  M-.  The^SIN,  COS  '  ■ 
voltage  outputs  will  remain  constant-  mafl-tlw  BKAWa^  fa  M 
are  taken  to  a  HI  logic  state  again.  !  ' 

If  the  latches  are  not  required,  ENABI*ittMi-®*ABLE  L 
can  be  left  open  circuit,  as  they  are  intemtd^  pelted  up  by 
12.S  kfl  resistors.  The  timing  diagram  inFtgrn^^'-Sliis^iaxe^the 
use  of  ENABLE  M  and  ENABLE  L  eoBtQd  inj^ts.  I 


l%<u>l 

?  '  '  '■sao:'!/ ?aoa:ri  sot.  ; ' 

fti  rw«  .i^p6».,iiMW''«w-  Df90'9'n.  ^n,-,M.-.»  A 

Internal  resistive  pull  ups  are  employed  only  on  the  ENABLE 
M,  ENABLE  L  digital  inputs  and  are  not  necessary  for  the  digi- 
tal control  angular  data  inputs  as  the  HOT  serieK  Uiicluji'tlii''''  '''' 
both  TTL  and  CMOS  compatible.  ''  '"^ 

DEGRADATION  OF  ACCURACY  OVER  FREQUENCY 
The  AD2S65  and  AD2S66  have  guaranteed  accuracies  as  stated 
in  the  specifications  section  from  dc  to  2.6  kHz  and  SO  Hz, 
360  Hz  to  2.6  kHz  for  the  autOBuU  options.  However  tXL  deniGes 
operate  satisfactorily  to  10  kHz  with  reduced  accuracy. 

Figure  3  represents  typically  the  angular  accuracy  degradation 
over  the  range  of  frequencies  dc  to  10  kHz  for  the  standard  part 
(Option  XIZ)  and  th&  wIMi  pi^^Mi^^^'mid  ^XiS}. 


FREQUENCY  -  kHi 


Figures.  Accuracy  vs.  Frequency 

GAIN  VARIATION  OVER  FREQUENCY 

The  gain  (input  to  output  SIN,  COS  voltages)  of  the  standard 
part  is  x2  ±0.1%  (Option  XIZ)  over  the  frequency  range  dc  to 
2.6  kHz.  As  can  be  seen  from  Figure  4,  the  gain  at  10  kHz  is 
X2.02  ±0.1%. 
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2.6  kHz.  From  Figure  4  can  be  seen  that  the  gain  for  the  i 
tonull  pan  is  typically  x2  +  0.1%  at  10  kHz. 


Figure  4.  Gain  (Vs,n,  Vcos^tiEfh^<-fi^onoy 
VECTOR  ERRORS  AND  EFFECTS 

The  error  law  used  in  the  converter  has  no  inherent  vectbr  1^- 
rors.  The  figure  of  0.03%  ^vea  in  the  specification  is  accounted 
for  by  tolerances  ii  iune  cdT^  internal' 0(tt^«il&t8  used  in  the 
converter. 

These  very  low  vector  errors  make  the  converters  ideally  suited 
for  ap^^cyions  su^  as  ^days  and  resolver-to-digital  converter 
testing. 

BANDWIDTH 

The  dynamic  characteristics  of  the  AD2S65  and  AD2S66,  in- 


cluding the  autonulling  option,  have  been  tailored  to  ensure  that 
the  full  angular  accuracy  is  maintained  over  the  broadband 
range  of  dc  to  2.6  kHz,  50  Hz,  360  Hz  to  2.6  kHz  for  the  au- 
tonulling options.  This  results  in  a  closed  loop  bandwidth  of 
3001^.  f  f — 

DEGLITCHING  THE  CONVERTERS 

The  AD2S65  and  AD2S66  are  fundamentally  digital  to  analog 
converters  and  can,  therefore,  produce  glitches  on  the  output  at 
the  major  transition  points  of  the  digital  angular  input.  For  most 
applications  these  glitches  can  be  removed  by  simple  smoothing 
circuits  on  the  outputs.  However,  in  appUcations  where  the 
smoothing  is  not  an  acceptable  solution  sample  and  hold  amplifi- 
ers such  as  the  Analog  Devices  type  ADS82  can  be  used  to  re- 
move die<g)itclies.  ~:  I 

RESISTIVE  DffiUT  SCAUNG 

The  analog  reference  input  can  be  externally  resistively  scaled  to 
cater  for  a  wide  range  of  input/output  voltages. 

A  resistance  of  value  3  kf!  per  extra  volt  required  (in  excess  of 
3.4  V  rms)  should  be  inserted  in  the  Ahi  line.  Care  should  be 
taken  to  ensure  that  the  voltage  on  the  analog  input  (Am  to 
Alo)  does  not  exceed  4.2  V  rms  (8.4  V  rms,  11.9  V  peak  at  ■ 
SIN,  COS  outputs)  otherwise  clipping  may  occur  due  to  lack  of 
voltage  supply  headroom  for  the  internal  output  amplifiers. 

The  recommended  input  is  3.4  V  rms  for  a  full  scale  analog  out- 
put. The  maximum  output  voltage  of  the  converter  is  propor- 
tional to  the  input  voltage  (gain  of  2)  and  therefore  the  resistor 
tolerance  should  be  chosen  so  thaf  tttt  cilfiet|l|UMtoge'i{ipms 
across  the  Am,  Aj^  input  pins. 


"O.  R3  VAUJtS  MUST  K  CHOiai  TO  AVnO  AOOmONAL  PHASE  SHIFTS. 


Figure  S.  Application  Circuit:  Besoiver-to-Dlgital  Convener  (2S80)  Testing  Using  the  AD2S66 
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The  diagram  Figure  5  shows  a  "hookup"  tor  resoiver-io- 
digital  converter  testing,  with  the  digital-to-resolver  converter 
(AD2S66),  power  oscillator  (OSC1758)  and  the  resolver- 
to-digital  converter  (2S80).  Using  a  similar  circuit,  2S81,  2S82, 
1S20,  1S40,  1S60,  1S24,  1S44,  ISM  and  1S74  R/D  converters 
can  be  tested.  '  | 

Cnncnt  Set  Retistor  (Rj) 

This  resistor  is  used  to  reduce  the  voltage  ouQnit  of  the  oscilli' 
» to  2  V  ims  so  it  can  be  used  as  the  refoieiee  i^t  to  the 


Rs  = 


37.5  ><10' 


s3soa 


for  2  V  rms  output  Rs  =  13  k  Qbffls 
Frequency  of  Oscillation 

The  frequency  of  oscillation  for  the  OSC1758  is  determined  by 
the  two  external  capacitors,  CI  and  C2.  These  should  be  calcu- 
lated as  follows: 

1 


<MlU 


where  Fosg  =  <tf  osA!l3%tf1ns 

frequency  Cl  =  C2  =  0.022  (iF.  ! 
Decoupling 

The  DRC  and  oscillator  have  internal  high  frequency  decoupling 
capacitors  on  the  supply  lines.  However,  it  is  recommended  that 
electrolytic  decoupling  capacitors  are  connected  close  to  the 
hyfatid  pnnr  a^p^  gios.  ^ease  see  deBe^ng  ^commenda- 
tions ifi  rdevant  data  iSheets.  '. 

Circuit  Description 

The  OSC1758  generates  2  V  rms,  of  nominal  frequency  400  Hz, 
to  be  applied  at  the  REFERENCE  VP  of  the  2S80.  The  signal  is 
fiurther  attenuated  by  resistor  R^  and  applied  to  Ahi  input  of 
the  AD2S66  (Vkef)  which  generates  SIN  and  C@S  n0Hls>  as 
per  digital  input  angle,  at  400  Hz. 

The  digital  input  angle  can  be  set  either  manually  by  selection 
of  the  switches  SWl  (MSB)  to  SW16  (LSB)  or  by  the  digital 
parallel  outputs  of  a  computer  or  by  means  of  a  16-bit  counter 
which  consists  of  74LS193  and  driven  by  a  square  wave  oscilla- 
tor. The  digital  input  angle  may  be  displayed,  if  so  desired,  by 
means  of  LEDs  and  visually  compared  with  the  digital  outputs 
of  the  2S80  RDC  also  displayed  by  LEDs. 

Alternatively,  the  digital  angle  position  outputs  of  the  2S80  may 
be  connected  to  a  16-bit  parallel  input  port  of  a  computer, 
which  can  compare  digital  input  angle  to  digital  output  angle 
and  compute  the  error. 

2S80  R-to-D  Converter  External  Components 

Please  consult  the  appropriate  date  sheet  as  the  external  compo- 
nents which  set  the  dynamic  performance  characteristics  of  the 
converter  are  user  selectable.  There  is  available,  on  request,  PC 
compatible  software  to  help  ^sers  select  the  pptimiun  values  of 
the  external  comfwn^ts  for  ti^e  iie^red  i^iSiiiai^. 

RELIABILITY 

The  reliabiUty  of  these  products  is  very  high  due  to  the  exten- 
sive use  of  custom  chip  circuits  that  decrease  the  active  compo- 
nent count.  Calculations  of  the  MTBF  figiure  under  various 
enviwrnmental  conditions  are  available  on  request. 


MTBF  in  hours  versus  case  temperature  in  naval  sheltered  otm- 

ditions  for  AD2S65/AD2S66. 


mWERATURft-^" 


\  Figure  6.  AD2S1SS/A62S66  MTBF  Curve 


OTHER  KR<H)UCtS 

Many  other  products  eoncemed  with  the  converSiQii  al^ffi^pal 
"resolver  data  are  manufacttu-ed  by  Analog  Devices,  anne  of 

which  are  Usted  below.  If  you  have  any  questions  about  our 
products  or  require  advice  about  their  use  for  a  particular  appli- 
cation, please  contact  our  Applications  Engineering  Departmoit. 

The  DRC1745  (14  bit)  and  DRC1746  (16  bit)  are  hybrid 
resolver-to-digital  converters  with  internal  power  amplifiers  ca- 
pable of  driving  a  2'VA  load. 

The  STM1683  series  are  output  transformers  used  in  conjunc- 
tion with  the  DRC1745  and  DRC1746,  operate  over  the  fre- 
quency range  of  360  Hz  to  2.6  kHz  and  can  be  Scott  T  ■•O 
connected  to  provide  all  the  standard  synchro  output  formats  i 
over  the  frequency  range  dc  to  2.6  kHz. 

The  2S80  and  2S82  are  monolithic,  variable  resolution  10-,  12-, 
14-  and  16-bit  tracking  resolver-to-digital  converters  that  feature 
user  selectable  dynamic  performance  and  operate  over  the  refer- 
ence frequency  range  50  Hz  to  20  kHz,  with  accuracies  of  ±2, 
±4,  ±8  arc  min  (2S80  and  2S82)  and  22  arc  min  (2S82). 

The  2S81  is  a  low  cost,  monolithic  tracking  resolver-to-digital 
converter  with  fixed  12-bit  resolution,  user  selectable  dynamic 
performance  over  the  frequency  range  50  Hz  to  20  kHz  and  ac- 
curacy 30  arc  min. 

The  AD2S7S  is  a  transformer  isolated  universal  synchro  and 
resolver  pin  programmable  interface.  All  standard  synchro  and 
resolver  signal  and  reference  voltages  are  accepted  and  trans- 
formed to  2  V  rms,  resolver  format  signals  for  use  widi  the  2S80 
series  monolithic  resolyer-4o-digital.CQnvmers. 

The  1740  series  are  hybrid  14-  or  12-bit  continuous  tracking 
synchro  or  resolver-to-digital  converters  featuring  internal  micro- 
transformers  for  signal  isolation. 

The  OSC1758  is  an  excitation  oscillator  for  supplying  reference 

signals  to  synclvras,  MseliiM  MteiqW* 

converters. 


*Iiidiici083ni  is  s  i«gisiered  trademark  of  Farrand  Industries,  lac. 
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OUTLINE  DIMENSIONS 

Dimensions  shown  in  inches  and  (mm). 


:q  lar- 


MOTES^ 


LOMTED  iUMMEMT  TO  IEN>  ONE. 


ORDERING  INFORMATION 

For  full  definition,  the  converter  part  number  should  be  suf- 
fixed by  an  option  code  in  order  u>  fiiUy  define  them.  All  the  ' 
sumdvd  ppti9nsaiid,thm  qp|ioa!cqde$.^,{|^«f^  t^elqiVv.Fer, 
o^ons;n^sho!Hii,,iile^.cf^]i4j  Aflid^^  !  ; 


AD2S6N/  X   Y  Z  B 


AD2S65  =  14-Bit  Resolution 
Accuracy  Z  -  ±2,  ±4  arc  min 


AD2S66  =  16-Bit  Resolution 
^  Ac^qiracy  Z  -  ±  I ,  ±2,  ±4  arc  miii 


L 


High-Rel  Processing 
(AppUcable  X  =  4) 


  (AD2S66  0ily) 

Z  =  2  ±2  arc  min  Accuracy 
Z  =4  ±4  arc  min  Accuracy 


y  =  I  Bandwidth  dc-2.6  kHz 
Y  =  2  Bandwidth  50  Hz-2.6  kHz 

1  (Aulonull  Option) 

■      Y  =  3  Bandwidth  360  Hz-2.6  kHz 
(Autonuil  Option) 

X  =  4  -55°C  to  +  125X  Operating 
,  Tiesipraiitiiic^ange 

o3{  iSt  5  ^Oi»  a-JOaC  Operating 

.  v'  in  -  ■ 


7ti  .K'mutdl  tMcnrl  to  iva 
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ANALOG 
DEVICES 


.  ti^lwfa  Rite 


Universal  Synchro/Resolver 
Transformer  Isolated  Interface 


FEATURES 

Universal  Transformer  Isolated  Synchro/Resolver 
Interface 

Supports  All  the  Standard  Synchro/Resolver  Voltages 
High  Accuracy  over  Full  Military  Temperature 
Wideband  Performance:  56  Hz  to  20,000  Hz 

Not  Achievable  with  Conventional  Transformers 
Wide  Power  Supply  Range:  ±4.75  to  ±15.75  V  DC 
1000  V  DC  Transformer  Isolation 
Dimensions:    1.37  x  1.1  x  0.3  inch 
(35«W.9W9t«mnl) 

APPUCATIONS 

Universal  Synchro/Resolver  lnt«1ace 
Military  System^E^|ppM||n^ 
Avionics         ■  .jnV  vrjat  l-ml.-'  -»  ^■ 
Naval  Systems 
Factory  Automation 

Interfaces  to  the  Following  R/DCs  2S80/81/82, 

AD2S80A/81A/82A,  AD2S46,  AD2S44,  AD2S3' 
Transformer  Isolatoi;  Signal  Buffj 

cmiamaiiAifigr  n^'K^ 


-Am"" 


-6  SIN, 


PRECISION 
ELECTRONIC 
CONDITIONING 


AD2S75 


gign^siCOndition- 
hro/resolver* 


GENERAL  DESCRIPTION 

The  AD2S75  is  a  functionally  complete,  analog 
ing  transformer  interface  for  all  the  standard  syl 
format  signals.  i_  . 

The  AD2S75  performs  synchro-to-resolver  and  resolver-to- 
lesolver  signal  transformations.  The  device  features  signal  inputs 
for  90  V  rms,  26  V  rms  and  11.8  V  rms,  and  outputs  2  V  rms 
resolver  format  signals  (sine  and  cosine).  The  reference  fre- 
quency input  accepts  sinusoidal  signals  in  the  range  11.8  V  rms 
to  1 15  V  rms  and  outputs  a  nominal  voltage  of  2  V  rms  with 
enhanced  zero  crossing  definition. 

All  inputs  are  isolated  from  the  outputs  and  power  supply  lines 
by  use  of  patent  design  miniature  transformers  thus  providing 
true  galvanic  isolation.  On  the  secondary  (low  side)  of  th^  isola- 
tion transformers,  analog  signal  conditioning  circuits'  aie  used  to  ' 
sustain  the  performance  and  stalHlize  the  device  over  the  wide 
operating  temperature  ransyKjg^  as  over  the  broad  range  of 
reference  frequency. 

The  AD2S7S  is  a  wide  bandwidth  device  whicli  operates  over  a 
reference  frequency  range  of  56  Hz  to  20,000  Hz.  This  covers 
the  majority  of  commercially  available  synchros  and  resolvers  for 
military  and  industrial  use,  thus  providing  the  isolated  interface 
for  these  types  of  transducers.  The  AD2S75  operates  over  the 
wide  range  of  ±5  V  dc  to  ±15  V  d&gominal  power  supplies 
without  degradation  in  accuracy  or  a  reduction  in  the  range  of 
reference  frequency. 


he  AD2S75  is  designed  to  operate  ov^'ffie'fuli  dflfitjn^'tMi^" 
perature  range  of  — 55°C  to  -H25°C. 

PRODUCT  HIGHLIGHTS 

Complete  Synchro/Resolver  Interface.  The  AD2S75  is  a  uni- 
versal synchro/resolver  interface  for  resolver-to-digital  converters 
that  accept  2  V  rms  resolver  format  signals.  All  the  standard 
synchro/resolver  voltages  are  catered  for,  thus  eliminating  the 
need  for  different  voltage  <^timi  devices  to  be  ordered  and  to  be 
held  in  stock. 

1000  V  DC  Transformer  Isolation.  The  AD2S75  continues  the 
transformer  isolated  SDC/RDC  tradition  from  Analog  Devices. 
The  internal  miniature  transformers  present  a  balanced  input 
regardless  of  other  equipment  that  may  be  connected  to  the 
synchro,  or  resolver. 

True  Galvanic  Isolation.  1000  V  dc  input  to  output  isolation 
regardless  of  input  voltage  amplitude  level.  The  galvanic  isola- 
tion completely  eliminates  groimd  loops  between  the  transducer 
and  the  converter,  thus  Inimmizing  errors. 

High  Common-Mode  Voltage  consistent  across  all  input  voltage 
ranges.  Electronic  solid  state  conditioning  circuits  are  input  volt- 
age amplitude  dependent. 

Isolating  Transformers  in  conjunction  with  #e  high  Common- 
mode  voltage  range,  allow  ctnnpliance  with  U^emng  strike^ 
protection  requirements.  •  "■IT  ■■:>  'Vr  ■  •: 

Ratiometric  Inputs.  Eliminate  errors  due  to  para^^mj^dl^'' 
tance  effects  and  enhance  the  accuracy  performa?|ep  ^sysiq 
sai-tmahKm.   —    —  ' -~ 


Analog^SNsrices  i 
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iiand-apeci&EagOns  aiB8tibject  to-ehqqgs;wilhout4iMfeK 
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AD2S75-SPECIFICATI0NS  (.ypic 


at  +25°C  unless  specified  otherwise) 


Panmetet 


Mm  Typ 


Max 


Units 


Commeiita/Test  Condilioiis 


ACCTOACy 
60-209  Hz 
i  210-4099  Hz 
;  4100  Hz-1 1.000  Hz 
L  11000  Hz-20000  Hz 


1.3 
O.S 


2.0 
0.66 
1.0 
2.0 


ai€  mm 
arc  min 
arc  min 
arc  min 


Reference  Frequency 
400,  2600  and  10,000  Hz 


ArcrniXy-TwtalJt  60,- 


ACX:URACY  TEMPCO' 


0.0033 


arc  mm/°C 


SIGNAL  INPUT  FORMAT' 


Either  Synchro  or  Resolver 


SIGN^tWtJTS'-* 

90  V  Syndiro  Input  Impedance 

11.8  V  Synchro  SI,  S2,  S3 

11.8  V  Synchro  Input  Impedance 

26  V  Resolver  SI,  S2,  S3,  S4 
26  V  Resolver  Input  Impedance 

11.8  V  Resolver  SI,  S2,  S3,  S4 
11.8  V  Resolver  Input  Impedance 


90 

99 

V  rms 

200.0 

kn 

11.8 

13 

V  rms 

26.25 

kn 

26 

28.6 

V  nns 

57.8 

kn 

11.8 

13 

Vims 

26.25 

OUTPUT  SIGNAL  FORAtAT 
Output  Signals 

(SIN  to  SINlo.  COS  to  COSlo) 


L990  2 


Signal  output  impedance 


SIGNAL  OUTPUT  DRIVE  CAPABILITY 


Line  to  Line 

Resistive,  Tolerance  ±0.1% 

(Including  Transformer  Winding  Resistance) 

Line  to  Line 

Resistive,  Tolerance  ±0.1% 

(Including  Transformer  Winding  Resistance) 

Line  to  Line 

Resistive,  Toleranoe  ±0,1%  . 

(Including  Tranrformtr  Winding  Resistance) 

Line  to  Une  -  -H;*  ■  -. ' 

with  Nominal  Input  Voltage  at 


siGNAi.  cummnoimm  drive 


Minimum  Refers  to  Openiiiniiidk;$iin|ie|i,-, 

±Vs  =  ±5  V  dc 


SIGNAL  OUTPUT  OFFSET  SIN,  COS 


Measured  across  SIN,  SIN^o  and  COS,  COSlo 


OUTPUT  SIGNAL  PHASE  SHIFT 
60-200  Hz 
201-2700  Hz 
2701-20000  Hz 


SIN,  COS  with  Respect  to  Reference, 
Measured  at  Zero  Crossings, 
Average  of  Both  Aligiunents. 
Propagation  Delay 


OUTPUT  SIGNALS  DIFFERENTIAL  PHASE  SHIFT 

60-200  Hz  .■■     I  .  J  ■--.^i.  '.  , 

201-2700  Hz 
2701-20000  Hz 


0.66 
0.25 


0.88 
0.33 
120 


degrees 
degrees 


SIN  with  Respect  to  COS,  Measured  at 
Zeto  Crossings,  Average  of  Both 

Alignments. 
Propagation  Delay 


REFERENCE  INPUT  SIGNAL  VOLTAGE'- 
Reference  Input  Impedance 


8.0 


11.8-115  130 
81 


V  rms 

kn 


Reference  Frequency  =  60  Hz  to  20000  Hz 
Resistive,  Tolerance  ±2% 


REFERENCE  OUTPUT  VOLTAGE  SIGNAL 

I/P  11.8  V  rms 

1.2 

1.4 

1.6 

I/P26Vrms 

1.5 

1.8 

2.0 

W  115  V  rms 

3.0 

3.4 

3.7 

Vpeak 
Vpeak 
Vpeak 


Zero  Crossing  Transition  Enhanced  Waveform 
(See  Figure  8).  Output  Signal  Consists  of  a 
1.1  V  Square  Wave  (at  Reference  Frequency)  . 
on  Which  Is  Superimposed  a  Sinuscad  of 
Amplitude  1/75  of  Reference  Input  AmpEnide.^ 


REFERENCE  OUTPUT  VOLTAGE  TEMPCO 


mvrc 


REFERENCE  OUTPUT  IMPEDANCE 


400 
550 


860 
1200 


mn 
mn 


at  400  Hz 
at  10,000  Hz 


REFERENCE  OUTPUT  DRIVE  CAPABILITY 


100 


pF 


See  Load  Considerations 


inA  peak 


Minimum  Refers  to  OpenitioB>witb.SuppBe8 

±Vs  =  ±5  V  dc 


TRANSFORIHER ISOLATIOI^ 
Input  to  Output 
CommoB'-Mode  Range 
Input  to  Case  (GITO) 


±1000 

600 

±1000 


Vdc 
V  rms 
Vdc 


I  IbqicGt  to  Grataadid  SeeoKlacy 


POWER  SUPPLIES 
Voltage  Levels 
+Vs 

-V. 


+4.75 
-4.75 


H5.75 
-15.75 


V  dc 
Vdc 


This  NifMniRioiT  applies  «}  a  product  and^i<jin«lepmemr')tg  eharacMstics  and^'«peeSteMiims  are  s^l^^Bimt^miS^tfiiiiii^om^^aB^oBi 
Analog  Devi(»s  assumes  msbl<gatlort  i!«gaiii^  fut4ire  matefeKtoia>UFi<s8s  ottttm^sbagnaedtto  id  wMng^M'nuAis  ti      ■  ik  :/:, 


3^  sm  cemmB^B 


B&no 


Pminctcr 

Min,.    Typ  Max 

Unite 

Comments/Test  Conditmns  ^ 

Quiesomt  Cufixm  -.ei! 

■--  v>^S»~  ']  Oi  t>3»«sof  oals  : 

13  18 
13  18 
15  20 
15  20 
180 
600 

mA 
mA 
mA 
mA 
mW 
mW 

4,Vs  =  +5  V  dc 
-Vs  =  -5  V  dc 
+Vs  =  +15  Vdc 
-Vs=-15Vdc 
±V.  =  ±5  V  dc 

±Vs  =  ±15  V  dc              ^  ' 

POWER  SUPPLY  REpgHDH  IMKI 

0.05  0.1 

arc  min 

SeeNoK4                                '-      -         -  " 
— — —  —  :  .-f';_  jil-  -J!  ianutni 'u o-Kj 

DIMENSIONS                »"W-^'Bi«<«»»-' ' 

1.37  X  1.1  X  0.3 
34.8  X  27.7  X  7.6 

inch 
mm 

See  Package  Infonnatioo                     .4  &.  . 

-  '     ■  ■■  .           > .. '   .      'In"  p"*" 

WEIGHT 

20  21 

gm 

NOTES  -  - 

'Specified  over  temperature  range,  -S5°C  to  +  125°C,  and  for:  (a)  ±  10%  signal  and  reference  amplitude  variation;  (b)  10%  reference  harmonic  distortion; 
(c)  ±5%  power  suj^ly  variation;  (d)  ±10%  variation  in  reference  frequency. 

^For  power  supfriy  voltages  ±Vs  less  than  ±6  V  dc,  signal  and  reference  input  voltage  overdrive  should  be  constrained  to  ±5%  maximum. 

The  inrimaiy        vologe)  wiiiding(s)  of  the  tnmsfoniier(s)  are  floating,  lliere  is  ±  1000  V  dc  galvanic  isolation  between  primary  and  secoodaiy  (km  voltage) 

wincUngs.  ASX  active  conqMnents  are  located  on  die  secondaiy  side  of  die  mnsfonners.  Hus  guazantees  ±1000  li  dc  giUoBK  telation  benmn  tbe  pCnBBy,^^  ^ 

windings  and  the  signal(s),  power  suf^ly  connections  <m  the  secondary  side.  '^Ih^P 

*The  figure  above  is  not  an  additional  error.  It  represents  the  worst  case  contribution  to  the  angular  eiK»^us££l 

±5  V  dc  to  ±  15  V  dc,  with  nominal  signal  input  voltages. 

Boldface  type  indicates  parameten  which  are  100%  tested  at  nominal  values  of  power  sup^es,|pf||^s]|i|al  ^d  reference  voltage  amplitude  and  operating 
frequency.  All  other  parameters  are  guaranteed  by  design  and  an  not  tested. 
Specifications  subject  to  change  without  notice. 

ABSOLUTE  MMUHXM  ttilDllGS 

+VstoGND'   ^.+17.25  V  dc 


l^y  variadoii  of  power  supplies  over  the  range 


,p^%al 


DEsciQi^lieiir 


-17.25  V  dc 
±1000  V  dc 
±  1000  V  dc 
.  700  V  rms 


-Vs  to  GND'   

Reference  Input  HI  to  GND  . 
Reference  Input  LO  to  GND 

Common-Mode  Range  

SI,  S2,  S3,  S4  to  GND   ±1000  V  dc 

Case  to  GND   ,  .  .  *1000  V  dc 

Case  Operating  Temperature  Range   ......  -^5''C  to  +125fC 

Storage  Temperature  Range   -65°C  to  +150"%'' 

CAUTION  •V^ 
^rrect  pdarity  voltages  must  be  maintained  on  the  +V5  and  -  Vg  pins  lOlcl 
must  not  be  mened. 

tm  CONFIGURATION 


Pin 


1,  2,  3 


2iVRMS 


S3 

© 

@ 

CT 

SI 

® 

@ 

-Vs 

S2 

® 

@ 

SIN,  ■ 

TC 

® 

SINlo 

S3 

© 

(§) 

GND 

SI 

© 

AD2S7S 

® 

COS 

TOP  VIEW 

S2 

© 

(Not  To  Scale) 

® 

COSu) 

S4 

© 

® 

Ws 

S3 

© 

® 

REF 

SI 

® 

® 

CASE 

S2 

® 

® 

"lo 

S4 

@ 

@ 

"hi 

14 


19 


20 


ORDERING  GUIDE 


Operating 

Package 

Model 

Temperature  Range 

Option 

AJ32S75AM 

-4(fCto+85SG 

M-24 

AD2S75SMB 

-55°Cto  +125°C 

M-24 

23 


24 


Mnemonic 


S3,  SI,  S2 


TC 


CASE 


REF 


COS, 


GND 


SIN,, 


SIN 


-v« 


CT 


I  '■I'. 


Description 


90  V  rms  Synchro  Signal  Inputs 


"TEASER"  winding-connect  to  CT,  Pin  24,  for 
Syncliro  input  signals.  Do  not  connect  for  Resolver 
signals. 


11.8  V  rms  Synchro  signal  inputs 
to  S3,  SI,  S2.  (S4  not  connected) 
11.8  V  nns  Resolver  signal  inputs  (SINE) 
to  S3,  SI,  (COSINE)  to  S2,  S4.  For  Resolver, 
S3-S1  is  the  effective  SINE  signal,  S2-S4  is  the 
effective  COSINE  signal. 


26  V  rms  Resolver  signal  inputs  (SINE) 
to  S3,  SI,  (COSINE),  to  S2,  S4. 
For  Resolver,  S3-SI  is  the  effective 
SINE  signal,  S2-S4  is  the  effective  COSINE 
signal.  26  V  rms  Synchro  signal  inputs  (non 
standard)  to  S3,  SI,  S2,  do  not  connect  S4. 


Reference  Input  HI  Synchia  Md  R^i^. 


Reference  Input  LO  Synchro  and  Kesolver. 


Connect  to  0  V.  GND  Pin  20. 


Reference  output  signal  coimect  to  R/DC. 
Reference  output  measured  with  respect  to  0  V, 
GND  Pin  20. 


Positive  power  supply  line  -t-5  V  dc  to  +15  V  dc 


Cosine  output  signal  return. 


Cosine  outplil  ^ 
of  R/DC. 


Analog  groimd,  0  V  power  supplies  cominoit. 


Sine  output  signal  return. 


Sine  output  signal.  Connect  to  SIN  input  of  R/DC. 


Negative  power  supply  line  —5  V  dc  to  —15  V  dc. 


Center  tap  of  primary  windings.  Synchro 
input  signals  only— connect  to  TC  Pin  4. 
Resolver  signals  do  not  connect. 
See  connection  diagrams. 


This  information.cippliw  tOf»p!0(luet4«ntoMd^^ 

Analos  Devices  assumes  q»«MigljiUKNe<NM«w{iMe»<i  nwmtaeiuNiEMlW  M<mmsimsimif»Wr^*iMn9.         "  '  -  eeieriA 
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A  synchro  is  an  electromagnetic  rotational  transducer  (fore- 
runner of  the  resolver)  that  detects  angular  displacement.  The 
synchro  consists  of  a  fixed  stator,  which  houses  three  pickup 
windings  which  are  star  connected,  120°  apart.  The  rotor  con- 
tains the  ac  excitation  (Reference)  winding  which  is  connected  to 
terminals  via  slip  rings  and  brushes. 

The  vintage  induced  in  any  stator  winding,  by  the  rotor,  will  be 
proportional  to  the  sine  of  the  angle  6  between  the  rotor  coil 
axis  and  the  stator  coil  axis. 

The  voltage  induced  across  any  pair  of  stator  terminals  will  be 
the  sum  or  the  difference,  depending  on  the  phase  of  the  volt- 
ages across  the  two  coils  concerned. 

The  excitation  voltage  of  the  rotor,  applied  across  Rl  and  R2,  is 
of  the  form:        .  .  i..  .  .. 

A  sin  art       ^  "  '         '^''^^        ■  "  ■  ■'     ■  ■ 

The  voltages  which  would  appear  aciro^  the  stator  terminals  will 
be: 

S3  to  SI  =  AR  sin  uit  sin  6 
S2loS3  =  AR  sin  lol  sin  (B  +  120°) 
SI  to  S2  =  AR  sin  o^^tj^shT^)-  . 

R  =  transformation  ratio  of  the  transducer. 
A  =  amplitude  of  the  excitation  voltage  sign 
sin  (ut  =  excitation  frequency, 
e  =  the  synchro  shaft  angle. 

Note:  The  SI,  S2  and  S3  outputs  for  syndbos  are  phase 
coherent  signals. 

An  equivalent  electrical  representation  and  diagram  of  the  typi- 
cal output  signal  formats  for  a  synchro  are  shown  in  Figure  1. 

Note:  Standard  notation  for  the  rotation  of  synchros  is  counter 
clockwise  (CCW)  shaft  movement  for  an  increa»ng  angle  as 
viewed  from  the  transducer  shaft  end. 


SI: 


Rl  0  1 


ROTOR 
R2 


7 

S1TOS2 


VVW\ 

wm 

Figure  7.  Electrical  Representation  and  Typical  Synchro 
Signals 


A  resolver  is  an  electromagnetic,  rotational  transducer  that  de- 
tects angular  displacement.  Most  modem  tesolvers  are  "bmsh- 
less."  An  ac  excitation  (reference)  signal  is  applied  to  the  slltor 
(primary  reference  winding);  in  turn  a  voltage  is  induced  in  the 
rotor  which  subsequently  induces  a  voltage  in  two  pidoia wind- 
ings sine  and  cosine,  which  are  also  located  in  the  stafof  Csec- 
ondaries),  spaced  90°  apart. 

The  induced  voltages  (secoBdaries)  Tatios  are  amplitude  modu- 
lated by  the  sine  and  the  cosine  of  the  an^  4  et  the  rotor  rela- 
tive to  the  stator.       -   —  —  

The  excitation  voltage  is  of  the  form: 

A  sin  (i)t 

The  voltages  which  would  appear  across  the  stator  terminals  will 
be;  ' 

Sine:  S3  to  SI  —  AR  sin  iiJt  sin  *  '- -  >      ■  >"    '  ■ 
Cosine:  82  to  S4  =  AR  Ai  ut  cos  6 


icitation  voltage  signal 
Si  ratio  of  the  ttansdu^ 
litatignfAuency  '  '•>  -V.  >V!/  k 

S2,^|anTS4  outputs  for  resolvers  are  phase 

n  «iui*nent  elg^trical  representation  and  diagram  of  the  typi- 
cal output  signals  format  for  a  resolver  are  shown  in  Figure  2. 

Note:  Standard  notation  for  the  rotation  of  resolvers  is  clockwise 
(CW)  shaft  movement  for  an  iiitrea^ng  anglfe-as  Viewed  fiom 
transducer  shaft  end.  ■  i  i 


STATOR 
(COSINE) 
i2  S4 


S2TOS4  \ 

{C06ME)  1 
SB  TO  SI  , 

I8ME)  « 
R2TOR4  I 

m 

m 

m 

m 

Figure  2.  ^ectrtcal  f^gpreseiiiation  and  Typical<9i^olver 

Signals 


This  iiif Qonatian.  ^ppli^  to  s  pro^upt  under  ^eiyelppment,  Its  ci^ra<^istic&  and^pecifieations.ara  subjem  to  ^h^nge.  without  notice. 
Analog  De\ri(»s  assunrtes  i|^)«lp|«l|8tionii!S(i9i^ 
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AD2S75 


AD2S75  USER  BENEFITS 

The  AD2S75  is  a  user  friendly  interface  device  which  minimizes 
many  potential  sources  of  error.  However  errors  can  occur  due 
to  the  nonideal  generation  of  the  transducer  signals.} 
subsequent  distribution,  limitations  such  as: 

•  Finite  output  impedance  of  the  transducer 

•  Imbalance  between  transducer  impedances 

•  Imbalance  in  chassis  wiring  impedances. 

These  errors  are  minimized  by  the  use  of  the  AD2S75  which  , 
employs  balanced,  high  precision,  high  impedance,  transformeir 
isolated,  input  networks.  This  allows  system  accuracies  to  be 
maintained,  even  when  long  chassis  wiring  runs  are  required 
between  synchro/resolver  transducer  and  the  AD2S75.  Accuracy 
is  maintained  by  the  simple  control  of  resistive  balaiice  of  the 
transducer  signals.  This  overall  balance  requirement  is  domi- 
nated by  the  precision  input  resistor  network;  which  greatly  re- 
duces the  balance  requirements  placed  on  the  transducer  and 
associated  chassis  wiring.  When  using  the  AD2S75,  the  sensitiv- 
ities to  signal  distribution  imbalance  (mismatch)  are  of  the  order: 
1^^^"'.'  90  V       87.3  fl/arc  min  or  28.8  O/bit  in  16 
11.8  V     11.4  fi/arc  min  or  3.8  a/bit  in  16 

Resolver    26  V       16.8  il/arc  min  or  5.5  O/bit  in  16 
11.8  V  ,  7.6  n/arc  min  or  2.5  il/bit  inJ6 
Thus  22  AWG  wire  at  17  mil  per  foot  and  POff^o^inaVBing 
0.012  inch  1  oz.  Cu  at  400  mil  per  foot^lfl^^&jdlfe  sig- 
nificant errors  provided  simple  coi^^^n^^|;iw^alai^e4s 
tnaintained.  %       rf'-*  *  ,f 

The  use  of  the  AD2S75  eliminates  errors  di^ 
ground  loop  currents.  This  is  achieved  by  the  Shr^uiinsolatii 
of  the  internal  transformers  and  strict  adherence^o  analog  si 
paitt  $MWn^'i(ilten»I«oCilfeiM)2S7S,  and  between  the  AD2S' 
and  the  RDC  as  shown  in  the  following  connection  diagrams. 

Errors  due  to  signal  loading  effects  on  the  SIN  and  COS  outputs 
are  minimized  by  providing  balanced,  low  output  impedances, 
together  with  distinct  and  separate  four  wire  transmission  for 
SIN,  SINlo  and  COS,  COSlo-  Full  angular  accuracy  is  main- 
tained from  zero  to  maximum  output  current  drive  capability. 

Capacitive  loading  considerations  (100  pF  maximum)  indicate 
that  the  AD2S75  should  be  sited  close  to  its  load,  often  a  2S80. 
Provided  the  capacitive  loading  limits  are  met,  then  the  AD2S75 
can  be  sited  ifl  4ccordffice  trath  ilser  preference. 

INTERFAditira-Jrjin*-)  >0!?i.-isq  vtt  iiiOs^  i-  >  .-r.v-  .  =.  ■ 
Sjnnchio 

Spichros  are  available  in  two  simidard  voltage  ranges: 

(a)  90  V  rms  line-to-line  sisals,  115  V  irm  lefewncej  noiniaaj 
frequency  400  Hz  or  60  Hz. 

(b)  11.8V  rms  line-to-line  signals,  26  V  rms  reference,  nomi- 
nal frequency  400  Hz. 

For  nonstandard  voltes,  please  see  section  "Resistive  Scaling 
of  Inputs." 


The  signals  from  the  synchro  should  be  coimected  to  the  appro-.  , 
priate  inputs.  Refer  to  pin  cgi^gur^ni^^gi^,  ...r.t^  a  <i»rt,  ■  inat. 
90  V:  connect  S3  to  Pin  1,  SI  t&'Kn  2,  S2  to  Pin  3.  at'  ban  ^- 
11.8:  connect  S3  to  Hn  5,  SI  to  Pin  6,  S2  to  Pin  7,-   ,t,  t  ft  hiW 

Note:  S4  (Pin  8)  should  be  left  unconnected  for  synchro  signals  ' 
and  coimected  for  use  with  11.8  V  resolver  signals  only.  ■ 

TC,  Pin.|4.shoulcl  be  conn^i;ted  to  CT,  Pin  24,  „  "' 

The  reference  input  signal j  either  115  V  or  26  V,  should  be  con- 
nected to  Rh,  and  Rloj  Pins  13  and  14,  respectively. 

After  the  synchro  output  signals  have  been  coimected  and  the 
devices  have  been  powered  up,  the  synchro  signals  transformed 
to  resol'm  ^igDKls'AMldttheMSjshtJwnin' Fibres.  I  aii4>29' 
respectively. 

Note  that  the  standard  notation  for  the  rotation  of  a  synchro,  for 
increasing  angle  is  counter  clockwise  (CCW)  as  viewed  from  the 
transducer's  shaft  end.  ..-■-.(?• ,.;    -  i 

Resolver  ■ 

Resolvers  are  available  m  a  variety  of  voltages.  The  three  staBn.  ;* 
•^»d  voltage  ranges  (most  common)  are:  ..  .  '  ■ 

^3)    11-^  V  rms,  Ime-to-line  signals,  11.8  V  nns Teference,  vari-' 
„^csis  freqtiencies  between  400  Hz  to  10,000  Hz. 

36V  rms,  line-to-line  signals,  26  V  rms  reference,  various 
frequencies  between  400  Hz  to  10,000  Hz. 

^.8  V  rms,  line-to-line  signals,  26  V  rms  reference,  various 
[uencies  between  400  Hz  to  10,000  Hz. 

standard  voluges,  please  refer  to  section  "Resi!$iv£;LSc4-'.'^ 
of  Inputs."  -      •  ■         .  ^  i  -  >i..:)io'.  iiyrf 

The  signals  from  the  resolver  br^i^^d^^td  i 

ate  inputy.'Refer  to  pin  configoratfbnr Agrain!  '  ■ 

11.8  V:  Connect  the  Sine  signal  to  S3,  SI,  Pins  5  and  6,  SI 
being  the  voltage  measurement  reference  point.  Connect  the 
Cosine  signal  to  S2,  S4,  Pins  7^mi%;^ 
surement  reference  point. 

26  V:  Connect  the  Sine  signal  to  S3,  SI,  Pins  9  and  10,  SI  be- 
ing the  voltage  measurement  reference  point.  Connect  the  Co- 
sine signal  to  82,  S4,  Pins  11  and  12,  S4  being  the  voltage 
measurement  reference  point. 

TC  Pin  4  and  CT  Pin  24  should  not  be  connected. 

The  reference  input  signal  should  be  connected  to  Rhi  and 
Rlo>  Pins  13  and  14,  respectively. 

After  the  connections  have  been  completed  and  the  devices  have 
been  powered  up,  the  output  signals  from  the  AS2S75  should  be 
as  shown  in  Figure  2. 

Note  that  the  standard  notation  for  the  rotation  of  a  resolver,  for. 
increasing  angle  is  clockwise  (CW),  as  viewed  from  the  trans-  , 
ducer's  shaft  end. 


This  information  applies  to  a  product  uhd^r  devetopment.  Its  ciiiafacteristics  arid' specifications  are  subject  to  cl 
Analog  Devices  assumes  no  dbli^ioh  regarding tature  ^n  to  In  writing. 
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GENERAL  GOOD  ENGINEERING  PRACTICE 

The  AD2S75  offers  the  user  numerous  benefis.  This  section 
describes  techniques  which  Will  enable  the  user  to  achieve  the 
specified  perforounce  of  the  devioe.  ..    .  , 

Wiring  Practice    '         '■  '  • ' 

The  recommended  cabde  ^-.inte^^imectvig  synchros  to  equip- 
ment is  a  three-way  twisted  cabl?.  Such  a  cable  will  elinjinate 
any  radiated  electromagnetic  interference,  and  will  have  mini- 
mum capacitance  as  there  is  no  need  for  an  earth^  screen.  This 
will  also  present  a  balanced  load  to  the  transducer. 

The  t«X)mmended  cable  for  interconnecting  resolvers  to 
equipment  wouldbe^tht^'sj^arsteisereened'twi^ed  pair  (ables 
for  tlw:»>te,  co»tieandi4^aNance>»igBalfcFrather  iitfo^^ 
should  be  <Aitainect>%.oiDaiMDgiwMi4iiC'iq<^iii6'aBil  ien>i«w 
suppliers. 

Layout  Considerations 

The  high  voltage  input  signals,  including  reference,  should  be 
kept  physically  remote  fixnn  the  jaecMoa  loi^'Voltage  output 

signals. 

Input  signal  track  pairs,  i.e.,  S3,  SI  should  be  routed  using  par- 
allel, physically  adjacent  PCB  tracks  that  employ  the  same  PCB 
layer.  This  minimizes  external  radiation  that  could  corrupt  low 
level  precision  analog  signals.  Distinct  signal  track  pairs,  i.e.,  t 
Rhj-Rlo  ^nd  S3-S1  should  be  routed  physically  separate.  This 
minimizes  mutual  interference  coupling  whereby  large  amplitude 
signals  can  corrupt  low  level  signals.  This  is  angle  dependent  as 
shown  in  Figures  1  and  2,  e.g..  Cosine  or  Reference  coupling  to 
Sine  at  0°  (Figure  2). 

A  ground/power  plane  should  not  be  sitedMmderneath  these  sja* 
high  voltage  input  signal  tracks  as  these  signals  can  corrupt  tbe 
noise  integrity  of  the  plane. 

Errors  due  to  ill  defmed  ground  loop  currents  should  be 
avoided.  Tbs  i^  of,^e  AD2S75  enables  the  complete  elimina- 
tion of  thesj!,;fiT^  Jjaing  galvanic  isolation  within  the  internal 
transformers  while  retaining  rigid  adherence  to  analog  star  point 
sensing  internal  to  the  AD2S75  and  between  the  AD2S75  and 
the  RDC,  as  shown  in  the  following  coimection  diagrams.  Note 
that  the  signal  grounds  have  been  coimected  to  0  V  at  the  soiu'ce 
of  the  signal. 

CONNECTING  THE  AD2S75  TO  A  RESOLVER-TO- 
DIGITAL  CONVERTER 

The  power  supply  voltages  connected  to  +Vs  and  — Vj^,  Pins  17 
and  23,  should  be  within  the  range  of  +  5  V  dc  to  + 1 5  V  dc  and 
-5  V  dc  to  -15  V  dc,  respectively,  with  respect  to  0  V,  (GND 
Pin  20),  and  must  not  be  reversed. 

It  is  recommended  that  a  100  nF  (ceramic)  decoupling  capacitor 
should  be  connected  between  each  of  the  supply  pins  and  GND. 
The  decoupling  capacitors  should  be  placed  as  near  to  the  device 


The  metal  package  CASE,  Pin  15,  should  be  coimected  to  0  V, 
GND,  Pin  20,  to  screen  the  internal  circuits  from  any  external 
noise  and  aid  the  operation  of  the  magnetic  circuits  within  the 
device. 

'i  :tri  ■  ...i  .  1,  " 

The  AD2S75  is  a  imiversal  synchro/resolver  interface  for 
resolver-to-digital  converters  that  accept  2  V  rms  input  signals. 
The  following  converters  from  the  Analog  Devices  range  can  be 
used  directly  with  the  AD2S7^5  and  benefit  from  the  transformer 
isolated  interface: 


2S80  series— monoUthic,  variable  resolution  RDC,  all 
accuracy  grades,  including  the  2S81  and  2S82.  Please  see 
Figure  3. 

AD2S80A  series— monolithic,  variable  resolution  RDC  all 
accuracy  grades,  including  the  AD2S81A  and  AD2S82A.  For 
connections,  please  see  Figure  3. 

AD2S46TD10,  AD2S46SD10-16-bit,  high  accuracy 
S/R/DC.  Please  use  the  2  V  input  signals  resolver  option  as 
shown  above.  For  com^tions,  please  see  Figure  4. 

AD2S44yMl 


i2S4^M10,  AD2S44SM10- 14-bit,  dual 

sse  use  the  2  V  input  signals  resolirei' 
bove.  For  coimections,  please  see  Figure  5. 

?2%4SZI0,  AD2S34TZ40,  AD2S34SZ40,  ' 
|ii60- 14-bit,  dial  cUamid  RDC. 
5se  see  Figtu^  6.     '  > 

General 

The  Sine  signal  output  from  the  AD2S75  is  from  SIN  and 
SINlo,  Pins  22  and  21,  respectively. 

Thq£Qsin^tegi4l  9u^puf,jgrom  the  AD2S73  is.  j^m  COS  a^^ 
1^19  .a^  1.8,  ^pectively.  V 

Eiij9!l6  aQd-20ifeq>ectivelF>}      f.-.  rf- 

The  above  signals  should  be  connected  to  the  appropriate  input 
pins  of  the  RDC. 

The  following  should  be  noted: 

Place  the  AD2S75  near  to  the  RDC  to  minimize  any  external 
noise  pickup. 

Connect  the  signals  from  the  AD2S75  to  the  RDC  using  equal 
lengths  of  pcb  track  so  as  to  minimis-  differential  phase  shifts. 
The  tracks  should  be  roi^  ^  dose  pnwinity,  parallel  tD.eacb  . 
other  on  the  same  side  of  tilie  pcb.  Avoid  Ae  use  of  ground/ 
powei  )^iies  Mat  ^taBUlfil  xbie'x  sigiSaI$^ to  -noH  attcati-- 
pling  and  phase  shifts  caused  by  parasitic  capacitance..'    *i:  'i! 


Thjs.jnfotmatiDn  «|i^ies  tp.a  |>foduct  un^r  dew9lppmsnit>l)s  (4n^ra«itcirijti<^  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assunnea.(iQ  ot)li9«ajoncfe^dingfiii9we>r^ 


S>r48  SKOiCONmBmBS 


REV,;0 


Connecting  the  AD2S75  to  2S80/AD2S80A  Series  of  RDCs 

The  following  information  also  applies  to  2S81,  2S82  and 
AD2S81A,  AD2S82A. 

The  above  resolver-to-digital  converters  (RDCs)  have  single 
ended  amplifier  inputs  for  the  SIN  and  COS  signals.  It  is  rec- 
onunended  that  SINlo  and  COSlq  are  connected  individually 


AD2S75 


ell^^^t^s^atiy^epprs  dp^^p  inovennent  of  the  measurement  ref- 
erence point 

The  above  is  particularly  important  v^hen  the  RDC  is  used  at 
14-  to  16-bit  resolution,  medium  to  high  acciuracy  applications. 

For  detailed  information  on  the  2S80/AD2S80A  series  of  RDC, 
please  see  the  relevant  .(^ta  ^eets. 
Bene  see  I^Skj^.  '.■<_■  .avt- 


90VRMS,  60H2-4aaHl 


Figure  3.  Using  the  AD2S75  to  Interface  a  90  V  Signal,  115  V  Reference,  60  Hz-400  Hz,  Synchro  to  2S80/AD2S80A 


This  information  applies  to  a,  product  under  developrt^ot  l|s  characterj^^^ij^. specifications  are  subject  to  ch,»i!ige  without'tiotice 
Analog  awriBBglMMiroipilljl^^  ytmi^^  'u^ir 
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Connecting  the  AD2S75  to  the  AD2S46 

The  AD2S46  series  feature  high  accuracy  differential  inputs.  It 
is  recommended  that  the  AD2S75  is  connected  to  AD2S46XD10 
as  shown  below  in  Figure  4. 

Note  that  the  SINlo.  Pin  21,  COSlo.  Pin  18,  from  AD2S75 
are  individually  coimected  to  SI  and  S4,  Pins  14  and  11,  of 
AD2S46,  respectively,  in  order  to  minimize  any  amplitude  varia- 
tion of  the  SIN  and  COS  signals,  thus  maintaining  the  high  ac- 
curacy of  the  AD2S46.  (1.3  arc  min  over  the  operating 
tempemtuie  range  -SS°C  to  +12$^} 


The  reference  signals  from  the  AD2S75  are  also  connected  indi- 
vidually to  AD2S46. 

It  is  permissible  to  separate  the  RDC  from  the  AS2S75  inter- 
face, as  long  as  good  wiring  practice  is  employed  by  routi?^  aU  ^ 
cables  together  to  avoid  differential  phase  shifts. 

As  mentioned  pi^nou^,  ^e  use  of  gronnd/povrer  planes  near 
the  roBtifig^fif  yhe  8jgnaUi,<iPjthe  p{!^i|^TOt  raarotjifindnl.  for  ,' 

detaii^'in&ixpi;;tt^o|:(il^l^,con6^  sheet. 


TO  COMPUTER  BUS 


Figure  4.  Using  the  AD2S75  to  Interface  a  26  V  Signal,  26  V  Reference,  2600  Hz  Resolver  to  AD2S46X10,  to  Gain  Benefit 
from  rttw  fisaiMfefiiM#I^Baiaw"~  '  "" 


TWtetBiiWiifclWia^^lies  to  a  product  under  development.  Its  cha-acteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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Connecting  the  AD2S75  to  the  AD2S44 

The  AD2S44  is  a  14-bit,  dual  channel  S/R/DC  which  features 
differential  inputs  and  a  separate  individual  reference  input  for 
each  channel.  This  means  that  one  single  AD2S44XM10  (2  V 
resolver  input  option)  can  be  used  with  the  AD2S75  to  interface 


to  two  completely  different  transducers  in  terms  of  signal  config- 
uration and  reference  frequency.  The  flexibility  of  the  AD2S44 
in  combination  with  the  AD2S75  is  shown  below  in  Figure  5. 
For  deoiled  infiamadoa,  i^g^^^nmb  dw  AP2S44  data  ^heet. 


TO  COMPUTER  BUS 


SYNCHRO 
m  RHS  SIGNALS 
400  Hz 


S3  0  (T)  S3 

SI  o-  -  d)  S1 


DKHTALAHSLE 
AND  LOGIC  COKinOL  SIGNALS 


©  DBS  DB7  @ 

(5)  DBS  DB6  @ 

0  DB10  DBS  @ 

(T)  DB11  DB4  (3) 

(f)  DBI!  DB3  @ 
@  OBU  DB2  @ 
^  DB14  DB1  @- 

(g)  OE  AD2S44,Vs  (§>■ 


<tS)  sit 

@  "hi  (A) 
©  S4(A) 
@  S3  (A) 
S2(A) 
SI  (A) 


RESOLVER 
RMS  SIGNALS 
2aOOHz 


26V  RMS 
2600  Hz 
REFERENCE 


SSO— <5)S3 

51  O        (S)  SI 

52  O—  (t)  S2 

S4  o —  {e)si 

0S3 
@  S1 
@S2 
@S4 


*Vs  ©■ 
REF  @- 
CASE  @\-^ 


GND  ^ 

"lo(B)  @>- 

Rhi(B)  @>- 

S4(B)  @>- 

S3(B)  @- 

S2(B)  ®- 

S1(B)  @- 


^O.If.F  ^ 


6.8|.F 


+15V 
-15V 


AD2S44XM10 

(OPTION:  2V  SIG  *  REF  RESOLVER) 


:  o.1mF 


Figure  5.  Using  Two  AD2S75S  to  Interface  Synchro  and  Resolver  Signals  of  Different  Reference  Frei^m^es  to  a  Dual 
Resolver-tO'Digital  Converter  AD2S44XMW 


7?ii&infeMiBaltioK«nfSliM'«»»firodl]tt  iinder  dsweloiNnentt'ltseharaeterlstiGsan^  speeDl^ons  ane  subject  totihaft^  nWMibut  rWMce. 
Analog  De>rices  assumss.lKrobliBaliOn£(e!^iding  4li^^  n.v-i:  ^-.r  ' .       ,  •  - 
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Connecting  the  A02S75  to  the  AD2S34 

The  AD2S34  is  a  14-bit,  dual  channel,  R/DC  that  accepts 
2  V  rms  sine  and  cosine  signals  and  reference  input  voltage. 
Some  of  the  features  of  this  converter  are: "  ■.'Mni'Ji'n....  ; 

Small  1  inch^  surface  mount  package.        '  ^^^^^ 

On-board  reference  oscillator  which  can  be  used  to  provide 

excitation  to  a  transducer(s). 

There  are  independent  reference  inputs  for  each  chaimel.  By 
using  the  AD2S34  witii  the  AD2S7S  it  is  possible  to  interface 
to  syndiios  as  W^^igfelvers,  of  different  voltages. 


"HowevCT,  boffi  transducers  should'be  excited  at  sirriilar  frequen- 
cies up  to  4400  Hz. 

Due  to  limits  imposed  by  the  package  size,  the  design  of  the 
dynamics  of  the  A02S34  are  not  as  i^ebMl'ISi  Ae  design  of 
the  dynamics  of  the  AD2S44. 

For  further  detailed  information,  please  see  die  AD2S34  data 

sheet. 

A  connection  di^am  of  the  AD2S7S  and  the  AD2S34  is  shown 
in  Figure  6. 
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Figure  6.  Using  riMBi  ASPSTSs  to  Interface  ftesolvers  of  Different  Voltages  to  a  Dual  Resolvmto-OiglM  inverter 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligatjpn  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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The  AD2S7S  signal  and  reference  inputs  can  be  scaled  by  uang 

resistors  to  accommodate  any  voltage  input  (above  10.6  V  rms). 

Note:  The  accuracy  of  the  interface  and  subsequently  the  accu- 
racy of  an  R/DC,  will  be  affected  by  the  matching  accuracies  of 
the  resistors  used  for  the  external  scaling. 

The  current  into  any  of  the  SI,  S2,  S3  and  S4  inputs  is  very 
precisely  controlled  to  0.450  mA. 

The  total  resistance  in  series  with  the  signal  inputs  should  be 
2.222  kfl  per  extra  voh  of  signal.  To  calculate  the  values  of  the 
external  scaling  input  resistors,  add  1 . 1 U  kfl  per  extra  volt  of 
input  signal  in  series  with  SI,  S2,  S3  for  a  synchro,  and  SI,  S2, 
S3,  S4  for  a  resolver.  For  example  to  intec&ce'a  57-5  V  rms  line 
to  line  Magslip  to  the  AD2S75  either: 


(a) 


(b) 


Into  26  V  Inputs;  use  35,000  O  in  series  with  each  input; 
SI  Pin  10,  S2Ptt  tMMWtFin  9.  Leave  S4  Pin  12 
imconnected. 


Into  11.8V  Inputs;  use  50,777.8  11  in  series  with  each 
input;  SI  Pin  6,  32  Pin  7,  S3  Pin  5.  Leave  S4  Pin  I 
uncon^te4i  jc.u./.  i  t 
For  example  to  at«ei§Ke  a  48  V  rms  luie-to-li 
AD2S75  either: 


(a) 


(b) 


Into  26  V  Inputs;  use  24,' 
S2  Fin  11,  S9 1^  9  mA$^ 


Into  11.8  V  Inputs;  use  40,222.2  il  in ! 
S2  Pin  7,  S3  Pin  5  and  S4  Pin  8. 

The  current  into  the  reference  input  is  controlled  to  1.42  mA. 
For  reference  signals  in  excess  of  115  V  rms,  pleast  add  707  il 
per  extra  volt  of  input  signal  kt        Midi  K^^,  fin  13,  and 
Rlo,  Pin  14. 

External  Resistor  tolerance  requirements  are  reduced  by  employ- 
ing the  highest  standard  internal  voltage  input  available. 
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.1/75  OF  REFERENCE  . 
'MPUtAMPLrrUDfe 

Figure  8.  AD2S75  Reference  Output  Waveform 
RELIABILITY  _ 

Figure  9  shows  &e  MTBF  m  years  versus  case  temperature  for 
conditions,  calculated  in  accordance  with  M1L-HDBK-217E. 
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Figure  9.  2^S  vs.  Temperature 
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AD2S75 


OTHER  PRODUCTS 

Many  other  products  concerned  with  the  conversion  of  sjMduoA 
resolver  data  are  manufactured  by  Analog  Devices,  some  of 
which  are  Hsted  below.  If  you  have  any  questions  about  our 
products  or  require  advice  about  their  use  for  a  particular  appli- 
cation, please  contact  our  Applications  Engineering  Department. 

The  2S80  and  AD2S80A  series  (including  2Sgl,  2S82,  AD2S8iA, 
AD2S82A)  are  monolithic  resolverrto-iUgital  conwrters.  The 
user  may  configure  the  dynamic  perftsmatice  and  the  resolution 
of  10,  12,  14  and  16  bits,     dte  ci^vertet.  There  are  8«ntlMc 
in  various  accuracy  grades  of  tip  to  ±2  arc  minutes. 

The  AD2S46  is  a  16-bit  resolution  synchro  or  resolver-to-digital 
converter.  Two  accuracy  grades  are  available  with  ±1.3  arc  min- 
utes and  ±2.6  arc  minutes,  over  the  tem^^ture  rai^  of 

-55°C  to  -H25°C.  .    ■  . 

The  AD2S44  and  AD2S34  are  14-bit,  dual  channel  synchro  and 
resolver-to-digital  converters.  They  are  available  with  accuracy 
grades  up  to  ±2.6  arc  minutes,  iMt^  AD2S34  is  in  a  surface 
mount  package. 

The  OSC1758  is  a  hybrid  sine/cosine  power  oscillator  which  can 
provide  a  maximum  P<*werQn^a^l.S  watts.  The  device  op- 
erates over  a  li«^id^'^«W¥Wlff  KHz. 


Tlie  SDC/RDC1740/41/42  are  hybrid  synchro/resolver-to-digital 
converters  with  internal  isolating  microtransformers,  with  reso-  '"■ 
lution  of  14  and  12  bits,  r»^c£tivdy.  They  are  available  iii^ccu' 
lacy  grades  of  ±5,3  arc  minutes,  ±8.5  aiii'iMW^'s:  IS.S-'itc  - 
miniUC^.,      -^^  ^-:r  "^r- v'-^'iifL'     :   ■     '  '' 

The  SDC/RDC1768  is  identical  to  the  SDC/RDC1740  but  with 
the  additional  features  of  analog  velocity  output  and  dc  error 
output. 

The  DRC1745  and  DRC1746  are  14-  and  16-bit  natural  binary 
latched  input  hybrid  digital-to-resolver  converters.  The  accura- 
cies available  are  =2  and  ±4  arc  minutes  and  the  outputs  can 
supply  2  VA  at  7  V  rms.  Transformers  are  available  to  convert 
the  output  to  synchro  or  resolver  format  at  high  voltage  levels. 
The  AD2S65/AD2S66  are  similar  to  the  DRC1745/DRC1746 
but  do  not  include  the  power  output  stage.  These  devices  are 
available  witih  acciracy  grades  up  tpyfet^pe^u^ute. ,        ,  i 

The  ADWSWt  iadastn^  grad^UKidisa  e^imm  over  ths^ 
temperature  range  of  ^^^°«  to  -H8S°C. 

The  AD2S75SiMB  receives  ^ditional  environmental  testing  and 
processing  and  operates  over  the  extended  temperature  range  of 

-55°C  to  +125'C. 


^    rifcl^uaher  inform^n,^ease 
OUTLINE  DTMENHpII^^^ 


ease  contact  Analog  Devices. 


Dimensions  shown 


—  -  'H 

DEVICES 


AD2S75 


0.300  ±0.010 
(7.62  ±0.254) 


PIN  ONE  IDENTIFIER 


iimnn 


0.10  (2M)  TYP 
in  (27.94)  ■ 


0.018  ±0.002  - 


Pit        I  ""-gSFfP'"'l 

 J    0.200  ±0.010 


IM'loI  111 


1.370  (34.80)  • 


COLOR 
BOTTOM  VIEW 


1.092 
(27.74) 


TOLERANCES:  ±0.005(10.127) 
UNLESS  OTHERWISE  STATED 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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Variatije  Resolution,  Monolithic 
Resolver-to-Digital  Converter 


FEATURES 

Monolithic  (BiMOS  11)  Tracking  R/0  Convarter 
40-Pin  DIP  Package 
44-Pin  LCC  Package 

10-,  12-,  14-  and  16-Bit  Resoiution  Set  by  User 

Ratiometric  Conversion 

Low  Power  Consumption:  SOO.mW  typ 

Dynamic  Performance  Set  by  User 

Higli  iMax  Tracking  Rate  1040  RPS  (10  Bits) 

VelocitY  Output 

Industrial  Temperature  Range  Versions 
IVIilitary  Temperature  Range  Versions 
ESD  Class  2  Protection  (2,000  V  min) 
/883  B  Parts  Available 

APPLICATIONS 

DC  Brushless  and  AC  Motor  Control 
Process  Control 

Numerical  Control  of  Macliine  Tools 
Robotics 
Axis  Control 
Military  Servo  Control 


GENERAL  DESCRIPTION 

The  AD2S80A  is  a  monolithic  10-,  12-,  14-  or  16-bit  tracking 
resolver-to-digital  converter  contained  in  a  40-pin  DIP  or  44-pin 
LCC  ceramic  package.  It  is  manufactured  on  a  BiMOS  U  pro- 
cess that  combines  the  advantages  of  CMOS  logic  and  Inpolar 
high  accuracy  linear  circuits  on  the  same  cliip. 

The  converter  allows  users  to  seka  tiieir  oam  resobaion  and  dy- 
madc  performance  taitk  external  components.  This  allows  the  users 
great  flezibihty  in  defining  the  converter  that  best  suits  their 
system  requirements.  The  converter  allows  users  to  select  the 
resolution  to  be  10,  12,  14  or  16  bits  and  to  track  resolver  sig- 
nals rotating  at  up  to  1040  revs  pa  second  (62,400  rpm)  when 
set  to  10-bit  resolution. 

The  AD2S80A  converts  resolver  format  input  signals  into  a  par- 
allel natural  binary  digital  word  using  a  ratiometric  tracking  con- 
version method.  This  ensu{^  hi^-noise  immunity  and  tolerance 
of  lead  length  when  the  converter  is  remote  fit)m  the  resolver. 

The  10-,  12-,  14-  or  16-bit  output  word  is  in  a  three-state  digital 
logic  available  in  2  bytes  on  the  16  output  data  lines.  BYTE 
SELECT,  ENABLE  and  INHIBIT  pins  ensure  easy  data  trans- 
fer to  8-  and  16-bit  data  buses,  and  outputs  are  provided  to  al- 
low for  cycle  or  pitch  counting  in  external  counters. 

An  analog  signal  proportional  to  velocity  is  also  available  and 
can  be  used  to  replace  a  tachogenerator. 

The  AD2S80A  operates  over  SO  Hz  to  20,000  Hz  refermce 
frequency.  -  — 


FUNCTIONAL  BLOCK  DIAGRAM 


AC  EBWOW  OEMOD 


DEMOO  INTEGRATOR 


INTEGRATOR 


le-BIT  UPAOVm  COUNTER 

'I'liiiiiriiiiii 


OUTPUT  DATA  LATCH 


vco 

DATA  TRANSFER 
LOGIC 


PRODUCT  HIGHLIGHTS 

Monolitliic.  A  one  chip  solution  reduces  the  package  size  re- 
quired and  increases  the  reliability. 

Resolution  Set  by  User.  Two  control  pins  are  used  to  select 
the  resolution  of  the  AD2S80A  to  be  10,  12,  14  or  16  bits  allow- 
ing the  user  to  use  the  AD2S80A  with  the  optimum  resolution 
for  each  application. 

Ratiometric  Tracking  Conversion.  Conversion  technique  pro- 
vides continuous  output  position  data  without  conversion  delay 
and  is  insensitive  to  absolute  signal  levels.  It  also  provides  good 
noise  immunity  and  tolerance  to  harmonic  distortion  on  the  ref- 
erence and  input  signals. 

Dynamic  Performance  Set  by  the  User.  By  selecting  external 
resistor  and  capacitor  values  the  user  can  determine  bandwidth, 
maximtun  tracking  rate  and  velocity  scaling  of  the  converter  to 
match  the  system  requirements.  The  external  components  re- 
quired are  all  low  cost  preferred  value  resistors  and  capacitors, 
and  the  component  values  are  easy  to  select  using  the  simple 
instructions  given. 

Velocity  Output.  An  analog  signal  proportional  to  velocity  is 
available  and  is  linear  to  typically  one  percent.  This  can  be  used 
in  place  of  a  velocity  transducer  in  many  appUcations  to  provide 
loop  stabilization  in  servo  controls  and  velocity  feedback  data. 

Low  Power  Consumption.   Typically  only  300  mW. 

IVIilitary  Product.  The  AD2S80A  is  available  processed  in  ac- 
cordance with  MIL-STD-gg3B,  Class  B. 


MODELS  AVAILABLE 

Information  on  the  models  available  i 
"Ordering  Guide." 


1  given  in  the  section 


REV.  A 


S/DeONVEFtTERS  3-55 


AD2S||||^g§|?ECIf  IS  at  +25°C  unlBss  otIierarisB  specffled) 


Parameter    ^■'.'l  '  '. 

AD2S80A. 

Min            Tjp              Miel  <J  - 

SIGNAL  INPUTS          -  r'-. 
Frequency 
Voltage  Level 
Input  Bias  Current 
Input  Impedance 
Maximiun  Voltage 

50  20,000 
1.8              2.0  2.2 
60     _  150 

1.0 

Hz 

V  rms 
nA 

Mn 

Vpk 

REFERENCE  INPUT 
Frequency 
Voltage  Level 
Input  Bias  Current 
Input  Impedance 

50  20,000 
1.0  S.O 
60  150 

1.0 

Hz 

Vpk 

nA 

Mn 

RepeatabiUty 

AUowaible  Phase  Shift  ,   f- 

Tracldng  Rate  t_ 

Bandwidth' 

(Signals  to  Refoence) 
10  Bits 
12  Bits 
14  Bits 
16  Bits 

UaerSelectaUe 

1 

-10  +10 
1040 
260 
65 

16.25 

LSB 
Degrees 

rps 
rps 
rps 
rps 

ACCURACY 
Angular  Accuracy 

/ill 

Monotonicity 

Missing  Codes  (16-Bit  Resolution) 

A,  J,S 

B,  K,T 

L,  U 

Guaranteed  Monotonic 
A,  B,  L  K,  S,  T 
L,  U 

±8-t-lLSB 
±4  4-1  LSB 

4 

1 

arc  min 
arc  min 
arc  min 

Codes 
Code 

VELOCITY  SIGNAL 
Linearity 
Reversion  Error 
DC  Zero  Offset' 
DC  Zero  Offset  Tempco 
Gain  Scaling  Acd^gl    "  ', 
Output  Voltage  ^  " 
Dynamic  Ripple 
Output  Load 

UvcT'^lnlll  Konge 

■  •  ■ .'         .-r  -  . 

I  mA  Load 
Mean  Value 

±1  ±3 
±1  ±2 
6 

-22 

■  mn  '•  . 
±8          ±9  *io.s 

1.5 
1.0 

%  FSD 

%  FSD 

mV 

(jiVrC 

%FSD 

V 

%nmO/P 

kn 

INPUT/OUi^l^^WefKniON'  . 
AnalogJn^Ktt-  '  ^'  e 
Analog  Ouqiuis 

Oveivolt^e  PiutecDoa> 
ShW  Circuit  O/P  Ftotecdon 

±8 

±5.6           ±8  ±10.4 

V 

mA 

DIGITAL  POSITION  ' 

Resolution  "^!  ii-i-.'            1  <f  J 
Output  Foum 

10, 12, 14,  Old  16 
Bidirectional  Nxtnial  Binary 

3 

LSTTL 

INHIBIT^ 
Sense 

Time  to  Suible  Data 

LogkLQ  CO  Inhibh 

600 

ns 

ENABLE^ 

ENABLE  Time 

Logic  LO  Enables  Position 
Output.  Logic  HI  Outputs  in 
tCgh  bipedanix  State 

35  110 

ns 

BYTE  SELECT' 
Sense 
LogicHI 

Logic  LO 

Time  to  Data  Available 

MS  Byte  DB1-DB8, 
LS  Byte  DB9-DB16 

LS  Byte  DB1-DB8, 
LS  Byte  DB9-DB16 

60  140 

ns 

SHORT  CYCLE  INPUTS 

SCI  SC2 
0  1» 

0  1 

1  0 

1  1 

Internally  PuUed  High 
(100kO)to+Vs 

10  Bit 
12  Bit 

14  Bit 
16  Bit 
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Parameter 

Cenuiitions 

.  Mia 

AD2S80A 
Typ 

Max 

Units 

DATA  LOAD 
Sense 

IntemaUy  Pulled  High  (100  Ml) 
to  +Vs.  Logic  LO  Allows 
Data  to  be  Loaded  into  the 
Counters  from  the  Data  Lmes 

150 

300 

ns 

BUSY'     ,  1 
Sense 

Width 

Load       ,  J 

il 

Logic  HI  When  Position  01? 

Changing 

Use  Additional  Pull-Up 

200 

600 

1 

ns .  >, 
LSTTL 

DIRECTIOM?  1^ 

Sense 

—I — — 

Max  Load 

li 

Logic  HI  Counting  Up 
Loiic  LO  Countiitg  Down 

-  — L      -  -  ,- 

3 

LSTTL 

RIPPLE  CLOCK' 
Sense  ' 

Width 
Reset 
Load 

f 

i 

Logic  HI 

All  Is  to  AU  Os 

All  Os  to  AU  Is 

Dependent  on  It^t  Velocity 

Before  Next  Busy  '      -  ~ 

300 

3 

LS:p^L, 

DIGITAL  INPUTS  ' 
High  VolMge,  Vm 

Low  Voltage,  Vil 

INHIBIT,  ENABLE 
DB1-DB16,  Byte  Select 
±Vs  =  ±10.8  V,  Vi.  =  5.0V 
INHIBIT,  ENABLE 
DB1-DB16,  Byte  Select 
±Vs=  ±13.2  V,Vl  =  5.0  V 

0.8 

V 
V 

DIGITAL  HjIPUTS 
High  Current,  Im 

Low  Current,  Ii^ 

INHIBIT,  ENABLE 
DB1-DB16 

±Vs  =  ±13.2  V,Vl  =  5.5  V 
INHIBIT,  ENABLE 
DBlr-DB16,  Byte  Select 
±Vs  =  ±13.2  V,Vl  =  5.5  V 

±100 

mA  . 
(xA 

DIGITAL  INPUTS 
Low  Voltage,  W^u 

\ 

Low  Curreat,  In. 

■-  \  - 

ENABLE  =  HI 

SCI,  SC2,  Data  Load 

±Vs  =  ±  12.0  V,  Vl  =  5.0  V 

ENABLE  =  HI 

SCI,  SC2i  Data  Load 

±Vs  =  ±  12.0  V,  Vl  =  5.0  V 

j:o' 

-400 

V 
fiA 

f  : 

DIGITAL  OUTPUTS 
HigjiVQlt^,VoH 

Low  Voltage,  Vql 

UD  L — i^i3  ID 

RIPPLE  CLK,  Dm 

±Vs  =  ±12.0  V,Vl  =  4.5  V 

loH  =  100  nA 

DBl-  DB16 

RIPPLE  CLK,  DIR 

±Vs  =  ±12.0V,  Vl  =  5.5  V 

loL  =  1-2  mA 

2.4 

0.4 

1 

V 
V 

THREE  STATE  LEAKAGE 
Current  II 

DB1-DB16  Only 

±Vs  =  ±12.aV,  Vl  =  5.5  V 

Vol  =  0  V 

±Vs  =  ±12.0  V,Vl  =  5.5  V 
Vo„  =  5.0V 

±100 
±100 

pA 
|xA 

^Refers  to  small  signal  bandwidlli. 

^Output  offset  dependent  on  value  for  R6.  -  ■  —  

^Refer  to  timing  diagram. 


Specifications  subjKt  to  change  without  notice. 

All  nun  and  mg|  ^^H^fl^c^ipe  giuraiUeed,  Spedficattom  in  boUUFaw  ai%  t^ted  on     mttdi^^on  ux^ts  at  fural  «l^$d^;  vm^ 


iioofiitioiis 

Mill 

1>P 

Max 

Unils 

RATIO  MULTIPHER 

AC  Error  Oh^sk  S^tei  „ 

10  Bit 

177.6 

mV/Bit 

r.    ■  "IK. 

12  Bit 
14  Bit 
16  Bit 

44.4 
11.1 

2.775 

mV/Bit 
mV/Bit 
mV/Bit 

PHASE  SENSmSiiSJ^mmiiR.  . 

Output  OffiM  viutp 

U 

mV 

Gain 

In  Phase 

w.r.t.  REF 

-0.8^ 

-0,9 

-0.918 

V  rmsW  dc 

In  Quadrature 

w.r.t.  REF 

±0.02 

V  rms/V  dc 

Input  Bias  Current  * 

60 

150 

nA 

Input  Impedance 

  ^_ 

1 

Mn 

Input  Voltage 

±8 

V 

INTEGRATOR 

■  ■■  ( 

Open-Loop  Gain 

AtlOklb  

57 

63 

dB 

Dead  Zone  Current  (Hysteiesis) 

lOOi 

nA/LSB 

Inpiu  Offset  Voltage 

1 

5 

mV 

Input  Bias  Current 

60 

ISO 

nA 

Output  Voltage  Range 

±Vs  =  ±10.8  Vdc 

±7 

V 

VCO 

Maximum  Rate 

±Vs  =  ±12  Vdc 

1.0 

1.1 

MHz 

VCO  Rate 

Positive  Directioti 

7.1 

7.9 

8.7 

kHz/|<A 

Negative  I^^PS^gSN^ 

7.1 

7.9 

8.7 

kH2/|iA 

VCO  Power  Supply  Sensitivity 

Increase 

+v,  ' 

-Vs  1 

+0.5 
-8.0 

W 
%/V 

Decrease 

-8.0 
+2.0 

%/v 

%/V 

Input  Offset  Voltage 

_  ,  - 

1 

5 

mV 

Input  Bias  Current 

1 

70 

380 

nA 

Input  Bias  Current  Terapco 

1 

-1.22 

nA/°C 

Input  Voltage  Range 

1 

±8 

V 

Linearity  of  Absolute  Rate 

Full  Range 

<2 

%FSD 

Over  0%  to  50%  of  Full  Range 

<1 

%FSD 

Reversion  Error 

1.5 

%FSD 

Sensitivity  of  Reversion  Error 

±8 

of 

to  Synunetiy  of  Power  Supplies 

As^nnelry 

POWER  SUPPLIES 

Voltage  Le«$|S; 

+Vs          '  !•«.- 

+10.8 

+  13.2 

V 

-Vs 

-10.8 

-13.2 

V 

+Vi. 

*S 

+13.2 

V 

Current 

•  -  - 

±h 

±Vs@±12V 

±12 

mA 

±Vs@  ±13.2  V 

±19 

±30 

mA 

ill. 

+Vl  @  ±5.0  V 

±0.5 

±1.5 

mA 

Spediications  subject  to  change  without  notice. 

All  min  and  max  specifications  are  guaranteed.  Spedficadons  in  boldfiice  and  tested  on  ail  pioduaion  units  at  final  electrical  test. 


ESD  SENSITIVITY  

The  AD2S80A  features  an  input  protection  circuit  consisting  of  large  "distributed"  diodes  and 
polysilicon  series  resistors  to  dissipate  both  high  enei^  discharges  (Human  Body  Model)  and  fast, 
low  en^gy  pulses  (Charges'  Device  Model). 

The  AI>2S80A  is  ESD  protection  Class  II  (2000  V  min).  Proper  ESD  precautions  are  strongly 
recommended  to  avoid  fonctianal  damage  or  performance  d^giadation.  For  fiurdier  information  on 

ESD  aiwaiiji^^Bjfejlifeg  to  Analiag  Dwaia»  ESm  l\mmil^-il^mfi- 
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Power  Supply  Voltage  (+Vs,  -Vj)       ....  ,  ±12  V  dc  ±10% 

Power  Supply  Voltage  Vl  .  .  .  ^  .  +5  V  de  ±10% 

Analog  Input  Voltage  (SIN  and  CdSJ '  ;  2V  rms  ±10% 

Analog  Input  Voltage  (REF)  1  V  to  8  V  peak 

Signal  and  Reference  Harmonic  Distortion  10%  (max) 

Phase  Shift  Between  Signal  and  Reference  .  ±  10  Degrees  (max) 
Ambient  Operating  Temperature  Range 

Commercial  (JD,  KD,  LD)  0°C  to  +70°C 

Industrial  (AD,  BD)   -40°C  to  +85°C 

Extended  (SD,  SE,  TD,  TE,  UD,  UE)  .  .  .  -55°C  to  +125°C 

ABSOLUTE  MAXIMUM  RATINGS'  (with  respect  to  GND) 

+Vs^   +14  Vdc 

-Vs  -14  Vdc 

+Vl  +Vs 

Reference   +14  V  to  -Vj 

SIN  +14  Vto  -Vs 

COS   ,  .  .  . +14Vto -Vs 

Any  Logical  Input  .  ,  ,  -0.4  V  dc  to  +Vl  dc 

Demodulator  Input  +14  V  to  -Vj 

Integrator  Input  + 14  V  to  -Vg 

VCO  Input  +14Vto-ys 

Power  Dissipation  ■.   860  mW 

Operating  Temperature 

Commercial  (JD,  KD,  LD)  O'C  to  +70°C 

Industrial  (AD,  BD)   -40°C  to  +85°C 

Extended  (SD,  SE,  TD,  TE,  UD,  UE)  .  .  .  -55°C  to  +125°C 

8,c'  (40-Pin  DIP  883  Parts  Only)   11°C/W 

e,c'  (44-Pin  LCC  883  Parts  Only)   10°C/W 

Storage  Temperature  (All  Grades)   -e5°C  to  +150°C 

Lead  Temperature  (Soldering,  10  sec)   +300°C 

CAUTION: 

1.  AbsQh^  Afaximnm  Ratings  are  those  values  beyond  which  damage  to  the 
devi^  may  ocean. 

2.  Con^;i»|a^>volt^es  must  be  maintained  on  the  +Vs  and  -Vs  pins. 

3.  WitireibW«|t4rt4>J«Cof  *SIL-M-38S10.  i 


DIP  (P)  PasHage^ 


Binary 

Resolution 

Degrees 

Minutes 

Seconds 

Bits  (N) 

(2~) 

/Bit 

/Bit 

/Bit 

0 

1 

360.0 

21600.0 

1296000.0 

1 

2 

180.0 

10800.0 

648000.0 

2 

4 

90.0 

5400.0 

324000.0 

3 

8 

45.0 

2700.0 

162000.0 

4 

16 

22.5 

1350.0 

81000.0 

5 

32 

11.25 

675.0 

40500.0 

6 

64 

5.625 

337.5 

20250.0 

7 

128 

2.8125 

168.75 

10125.0 

8 

256 

1.40625 

84.375 

5062.5 

9 

512 

0.703125 

42.1875 

2531.25 

10 

1024 

0.3515625 

21.09375 

1265.625 

11 

2048 

0.1757813 

10.546875 

632.8125 

12 

4096 

0.0878906 

5.273438 

316.40625 

13 

8192 

0.0439453 

2.636719 

158.20313 

14 

16384 

0.0219727 

1.318359 

79.10156 

15 

32768 

0.0109836 

0.659180 

39.55078 

16 

65536 

0.0054932 

0.329590 

19.77539 

17 

131072 

0.0027466 

0.164795 

9.88770 

18 

262144 

0.0013733 

0,082397 

4.94385 
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PIN  DESIGNATIONS 


MNEMONIC 

DESCHIPTION 

REt^ENCE  l/P 

REFERENCE  SIGNAL  INPUT  -L 

DEMOD  l/P 

OEMODULATOR  INPUT 

AC  ERROR  0/P 
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Vl 
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ENABLE 
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BUSY  HI 
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RIPPLC  CLOCK 

POSITIVE  FULSE  WHEN  CONVBHTEfl  OUTPUT 
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VCO  INPUT 
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CONNECTING  THE  CONVERTER 

The  power  supply  voltages  connected  to  +Vs  and  -Vj  pins 
should  be  +12  V  dc  and  -12  V  dc  and  must  not  be  revei^. 

The  voltage  applied  to  Vl  can  be  +5  V  dc  to  +Vs. 

It  is  recommended  that  the  decoupling  capacitors  are  connected 
in  parallel  between  the  power  lines  +Vs,  -Vj  and  ANALOG 
GROUND  adjacent  to  the  converter.  Recommended  values  are 
100  nF  (ceramic)  and  10  p,F  (tantalum).  Also  capacitors  of 
100  nP  and  10  |xF  should  be  connected  between  +Vl  and 
DIGITAL  GROUND  adjacent  to  the  converter. 

When  more  than  one  converter  is  used  on  a  card,  then  separate 
decoupling  capacitors  should  be  used  for  each  converter. 

The  resolver  coimections  should  be  made  to  the  SIN  and  COS 
inputs,  REFERENCE  INPUT  and  SIGNAL  GROUND  as 
^own  in  Figure  7  and  described  in  section  "CONNECTING 
THE  RESOLVER." 

The  two  signal  ground,  wires  from  the  res(^e^  should  be  joined 
at  the  SIGNAL  GROUND  pin  of  the  convenia'  to  minimize  the 
coupling  between  the  sine  and  cosine  signals.  For  this  reason  it 
is  also  recommended  that  the  resolver  is  coimected  using  indi- 
vidually screen^  twisted  pair  cables  with  the  sine,  coms  soii 
reference  aSH^  nHsted  separately. 


SIGNAL  GROUND  and  ANALOG  GROUND  are  connected 
internally.  ANALOG  GRGUNDi  sM  ©IMTAL  GROUND 
must  be  connected  externally. 

The  external  componoits  fe^uii^  should  be  connected  as 

shown  in  Figure  1.  - 

CONVERTER  RESOLUTION  ^         '  "  ' 

Two  major  areas  of  the  AD2S80A  specification  can  be  selected 
by  the  user  to  optimize  the  total  system  performance.  The  reso- 
lution of  the  digital  output  is  set  by  the  logic  state  of  the  inputs 
SCI  and  SC2  to  be  10,  12,  14  or  16  bits;  and  the  dynamic  char- 
acteristics of  bandwidth  and  tracking  rate  are  selected  by  the 
choice  of  external  components. 

The  choice  of  the  resolution  will  affect  the  values  of  R4  and  R6 
which  scale  the  inputs  to  the  integrator  and  the  VCO  respec- 
tively (see  section  COMPONENT  SELECTION).  If  the  resolu- 
tion is  changed,  then  new  values  of  R4  and  R6  must  be 
switched  into  the  circuit. 

Note:  When  changing  resolution  under  dynamic  conditions,  do 
it  wheii  lli^  i^USt'  is  low,  i.e.,  wlieaa'Dtili  k  not  changiug. 


REFERENCE 

IIP 


OFFSET  ADJUST 
V  .R9^ 


DATA  SCI  SC2  ^■ 
LOAD 


 V — 

16  DATA  BITS 


BYTE  +5V  DIG  BUSY  DMN  INHIBIT 
SELECT  GND 


Figure  1.  AD2S80A  Connection  Diagram 
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POSITION  OUTPUT 

The  resolver  shaft  position  is  represented  at  the  converter  out- 
put by  a  natural  binary  parallel  digital  word.  As  the  digital  posi- 
tion output  of  the  converter  passes  through  the  major  carries, 
i.e.,  all  "Is"  to  all  "Os"  or  the  converse,  a  RIPPLE  CLOCK 
(RC)  logic  output  is  initiated  indicating  that  a  revolutioni  01  a 
pitch  of  the  input  has  been  completed.  .  ,  • 

The  direction  of  input  rotation  is  indicated  by  the  DtRECTION 
(DIR)  logic  output.  This'diEection''dataii»''atoa|S^  vaM-ili'ad- 
vance  of  a  RIPPLE  CLOCK  putsS'^aiidJ  fca^iS  interildly 
latched,  only  changing  state  (1  LSB  min  change)  with  a  corre- 
sponding change  in  direction. 

Both  the  RIPPLE  CLOCK  pulse  and  the  DIRECTION  data  are 
unaffected  by  the  application  of  the  INHIBIT.  The  static  posi- 
tional accuracy  quoted  is  the  worst  case  error  that  can  occur 
over  the  full  operating  temperature  excluding  the  effects  of  off- 
set signals  at  the  INTEGRATOR  INPUT  (which  can  be 
trimmed  out  -  see  Figure  1),  and  with  the  following  conditions: 
input  signal  amplitudes  are  within  10%  of  the  nominal;  phase 
shift  between  signal  and  reference  is  less  than  10  degrees. 

These  operating  conditions  are  selected  primarily  to  establish  a 
repeatable  acceptance  test  procedure  which  can  be  traced  to  na- 
tional standards.  In  practice,  the  AD2S80A  can  be  used  well 
outside  these  operating  conditions  providing  the  above  points 
are  observed.  .,t  -  .  <  • 

VELOCITY  SIGNAL 

The  tracking  converter  technique  generates  an  internal  signal  at 
the.  output  of  the  integrator  (the  INTEGRATOR  OUTPUT  pin) 
ifiat  is  proportional  to  the  rate  oif  change  df  the  input  angle. 
Tli^  is  a  dc  analog  output  referred  to  as  the  VELOCITY  signal. 

Ih  many  appUcations  it  is  possible  to  use  the  velocity  signal  of 
the  AD2S80A  to  replace  a  conventional  tachogenerator. 

DC  ERROR  SIGNAL 

The  signal  at  the  output  of  the  phase  sensitive  detector  (DE- 
MODULATOR OUTPUT)  is  the  signal  to  be  nulled  by  the 
tracking  loop  and  is,  therefore,  proportional  to  the  error  be- 
tween the  input  angle  and  the  output  digitd  angle.  This  is  the 
dc  error  of  the  converter;  and  as  the  converter  is  a  Type  2  servo 
loop,  it  will  increase  if  the  output  fails  to  track  the  input  for  any 
reason.  It  is  an  indication  that  the  input  has  exceeded  the  maxi- 
mum tracking  rate  of  the  converter  or,  due  to  some  int^nal 
malfiinction,  the  converter  is  unable  to  reach  a  null.  By  connect- 
ing two  external  comparators,  this  voltage  can  be  used  as  a 
"buill'-in-test." 


CONVERTlft  OPERATION 

Wtifcn  connected  in  a  circuit  such  as  shown  in  Figure  1  the 
AD2S80A  operates  as  a  tracking  resolver  to  digital  converter  and 
fom|s  a  Type  2  closed-loop  system.  The  output  vrill  automati- 
calljt  follow  the  input  for  speeds  up  to  the  selected  maximum 
tracking  rate.  No  convert  command  is  necessary  as  the  conver- 
sion is  automatically  initiated  by  each  LSB  increment,  or  decre- 
ment, of  the  input.  Each  LSB  cttsnge  ofthe  converter  initiates  a 
BUSY  pulse. 

The  AO2S80A  is  remarkably  tolerant  of  input  amplitude  aitd 
frequency  variation  beWse'the  conversidil  depends  only  on  the 
ratio  of  the  input  signals.  Conseqtisently  there  is  no  need  for  ac- 
curate, stable  oscillator  to  prodiice  the  n&Mce  signal.  The  in- 
clusion of  the  phase  sensitive  detector*  ill'  #ie  eon^rsion  loop 
ensures  a  high  immimity  to  signals  that  are  not  coherent  or  are 
in  quadrature  with  the  reference  signal. 

SIGNAL  CONDITIONING 

The  amplitude  of  the  SINE  and  COSINE  signal  inputs  should 
be  maintained  within  10%  of  the  nominal  values  ttjU  pst^- 
mance  is  required  from  the  velocity  signal. 

The  digital  position  output  is  relatively  insensitive  to  ampUtude 
variation.  Increasing  the  input  signal  levels  by  more  than  10% 
will  result  in  a  loss  in  accuracy  due  to  internal  overload.  Reduc- 
ing levels  wiU  result  la  a  steady  decline  in  accuracy,  Wilfei  'ttte 
signal  levels  at  S0%  dfthe  correct  value,  the  angular ^ror' will 
increase  to  an  amount  equivalent  to  1.3  LSB.  At  this  level  the 
repeatability  will  also  degrade  to  2  LSB  and  the  dynamic  re- 
sponse will  also  change,  since  the  dynamic  characteristics  are 
proportional  to  the  signal  level. 

The  AD2S80A  will  not  be  damaged  if  the  signal  inputs  are 
appUed  to  the  cdnVefttt  %JBi6ttt  the  powteir  sWF#Uis-^Sl/or  the 
reference.  ■  ■  (i-.vt.  .:  'j 

REFERENCE  INPUT 

The  ampUtude  of  the  reference  signal  applied  to  the  converter's 
input  is  not  critical,  but  care  should  be  taken  to  ensure  it  is  kept 
within  the  reconimended  o|»erating  limits.  ^ 

The  AD2S80A  will  not  be  damaged  if  the  reference  is  supplied 
to  the  converter  without  the  power  supplies  and/or  the  signal 
inputs. 

HARMONIC  DISTORTION 

The  amoimt  of  harmonic  distortion  allowable  on  the  signal  (and 
reference  lines  is  10%. 

Square  waveforms  can  be  used  but  the  input'  levels  should  be 
adjusted  so  that  the  average  valile  is  1.9  V  rms.  (For  example,  a 
square  wave  shotild  be  1.9  V  peak.)  Triangular  and  sawtooth 

waveforms  should  have  a  amplitude  of  2  V  rms. 

Note:  The  figure  specified  of  10%  harmonic  distortion  is  for 
calibration  convenience  only. 
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COMPONENT  SELECTION 

The  followmg  insmicdoiis  describe  how  to  s^ect  tbe  (90einal 
components  for  the  converter  in  «»der  to  adiieve  tlie  lequired 
baidwicbli  and  tratddi)^  rate.  Ig  all  iasK  ^  neatest  "piefened 
value"  Gompotteiit  should,  be  used,  and  a  S%  totenee  will  not  . 
degrade  the  over^  petfonnancje  of  the  converter.  Care  should 
be  takm  that  the  resistors  and  capadtots  will  fiinctian  over  the . 
required  operating  tempetature  range.  The  components  should 
be  connected  as  shown  in  Figure  1. 

PC  compatible  software  is  available  to  help  users  select  the  optimum 
component  values  for  the  AD2S80A,  and  display  the  transfer  gain, 
phase  and  small  step  response. 

For  more  detailed  information  and  explanation,  see  sec- 
tion "CIRCUIT  FUNCTIONS  AND  DYNAMIC 
PERFORMANCE." 

1.  HF  Filter  (Rl,  R2,  CI,  C2) 

The  fimction  of  the  HF  filter  is  to  remove  any  dc  offset  and 
to  reduce  the  amount  of  noise  present  on  the  signal  inputs  to 
the  AD2S80A,  reaching  the  Phase  Sensitive  Detector  and 
affecting  the  outputs.  Rl  and  C2  may  be  omitted  -  in  which 
case  R2  =  R3  and  CI  =  C3,  calculated  below  -  but  theii- 
use  is  particularly  recommended  if  noise  bom  switch  mode 
power  supplies  and  brushless  motor  drive  is  present. 

Values  should  be  chosen  so  ttiat 


Cl  =  C2= 


1 


2  IT  i?l  fuEF 

and  fREF  =  Reference  frequency  (Hz) 

This  filter  gives  an  attenuation  of  3  times  at  the  input  to  the 
phase  sensitive  detector. 


2.  Gain  Scaling  Resistor  (R4) 
If  Rl,  C2  are  fitted  then: 


■Sdtt  vtt 


100  X  10-' 

where  100  x  10"'  =  current/LSB 
If  Rl,  C2  are  not  fined  then: 

Edc 


R4  = 


100  X  10^ 


n 


whe^.  ]^  =  160  X  10~'  for  10  bits  resolution 
.  =  40  X  10-'  for  12  bits 
=  10  X  ir'  for  14  bits 
=  2.5  X  10"*  for  16  bits 
=  Scaling  of  the  DC  ERROR  in  volts 

3.  AC  Coupling  of  Reference  Input  (R3,  C3) 

Sdect  R3  and  C3  so  that  th«e  is  no  sigoificant  phase  diift  at 
the  rrferenoe  frequency.  That  is. 


C3  > 


R3  =  mm 

1 


Ri  X  fugp 


with  R3  inll. 


4.  -Mavinmm  Tracking  Rate  (R6)   

The  VCD  input  resistor  R6  sets  the  maTimnm  tracking  rate 
of  the  converter  and  hence  the  velocity  scaling  as  at  the  max 
tracking  rate,  the  velocity  output  will  be  8  V. 

Decide  on  yoiu'  maximum  tracking  rate,  "T,"  in  revolutions 
per  second.  Note  that  "T"  must  not  exceed  the  maTimnm 
tracking  rate  or  1/16  of  the  reference  frequency. 


R6 


6.32  X  10" 

T  X  n 


a 


where  n  =  bits  per  revolution 

=  1,024  for  10  bits  resolution 
=  4,096  for  12  bits 
=  16,384  for  14  bits 
=  65,536  for  16  bits 

5.  Closed-Loop  Bandwidth  Selection  (C4,  p,  RS) 
a.  Choose  the  closed-loop  bandwidth  (fsw)  required 
msuring  that  the  ratio  of  reference  fivqumcy  to  band- 
width does  not  exceed  the  following  guidelines: 

Resolution      Ratio  of  Reference  Frequency/Bandwidth 


10 
12 
14 
16 


2.5 

4 

6 

7.5 


Typical  values  may  be  lOOHz  for  a  400Hz  reference  fre- 
quency and  500  Hz  to  1000  Hz  for  a  5  kHz  reference 
frequency.  i  ■  .  <  r  fn.h 

b.  Select  C4  so  that  "' ' 


C4 


21 


R6  X  few^ 
with  R6  in  n  and  fgw  in  Hz  selected  above. 

c.  CS  is  givoi  by 

C5  =  5  X  C4 

d.  RS  is  given  by 

Ri  =   ;  ^  fl 


2  X  ir  X  fg^  X  C5 

6.  VCO  Phase  Compensation 

The  following  values  of  C6  and  R7  should  be  fitted. 

C6  =  470  pF,  «7  =  68  n 

7.  CWset  Adjust 

Offsets  and  bias  currents  at  the  integrator  input  can  cause  an 
additional  positional  offset  at  the  output  of  the  converter  of  1 
arc  minute  typical,  5.3  arc  minutes  maximum.  If  this  can  be 
tolerated,  then  R8  and  R9  can  be  omitted  from  the  circuit. 

If  fitted,  the  following  values  of  R8  and  R9  should  be  used: 

RS  =  4.7  MCI,  R9  ^  1  MSI  potealimuter 

To  adjust  the  zeto  offset,  ensure  the  lesolver  is  disconneeted 
and  all  the  external  components  are  fitted;  Coimect  the  COS 
pin  to  the  REFERENCE  INPUT  and  the  SIN  pin  to  the 
SIGNAL  GROUND  and  with  the  power  and  rderence  ap- 
]died,  adjust  the  potentiometer  to  give  all  "Os"  on  the  digital 
ouqnit  bits. 

The  potentiometer  may  be  replaced  with  select  on  test  resis- 
tors if  prrforred. 
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DATA  TRANSFER 


To  transfer  data  the  INHIBIT  input  should  be  used.  The  data 
will  be  valid  600  ns  after  the  application  of  a  logic  "LO"  to  the 
INHIBIT.  This  is  regardless  of  the  time  when  the  INHIBIT  is 
applied  and  allows  time  for  an  active  BUSY  to  clear.  By  using 
the  ENABLE  input  the  two  bytes  of  data  can  be  transferred 
after  which  the  INHIBIT  should  be  returned  to  a  logic  "HI" 
state  to  enable!  the  ouqntf  laitcfiH  tt^fie  tlpdiil^ 

BUSY  Output 

The  validity  of  the  output  data  is  indicated  by  the  state  of  the 
BUSY  output.  When  the  input  to  the  converter  is  changing,  the 
signal  appearing  on  the  BUSY  output  is  a  series  of  pulses  at 
TTL  level.  A  BUSY  pulse  is  initiated  each  time  tbt  iStpat  mavea 
by  the  analog  equivalent  of  one  .MSB  «xi^j 
incremented  or  decremented. 


INHIBIT  Input 

The  INHIBIT  logic  input  only  inhibits  the  data  transfer  bom 
die  up-down  coimter  to  the  output  latches  and,  therefore,  does 
not  interrupt  die  operation  of  the  tracking  loop.  Kereasing  the 
INHIBIT  automatically  goierates  a  BUSY  piUse  to  tg|pe^  the 
output  dau.  ,  '  ciu  v 


ENABLE  Input 

The  ENABL£  input  determines  the  state  of  the  output  data.  A 
logic  "HI"  maintains  the  output  data  pins  in  the  high  imped- 
ance condition,  and  the  application  of  a  logic  "LO"  presents  the 
data  in  the  latches  to  the  output  pins.  The  operation  of  the 
ENABLE  has  no  effect  on  the  conversion  process. 

BYTE  SELECT  Input 

The  BYTE  SELECT  input  selects  the  byte  of  the  position  data 
to  be  presented  at  the  data  output  DBl  to  DBS.  The  least  sig- 
nificant byte  vrill  be  presented  on  data  output  DB9  to  DB16 
(with  the  ENABLE  input  taken  to  a  logic  "LO")  regardless  of 
the  state  of  the  BYTE  SELECT  pin.  Note  that  vkea  the 
AD2S80A  is  used  with  a  resolution  less  than  16  bits  the  unused 
data  lines  are  pulled  to  a  logic  "LO."  A  logic  "HI"  on  the 
BYTE  SELECT  input  will  present  the  eight  most  significant 
data  bits  on  data  output  DBl  and  DBS.  A  logic  "LO"  will 
present  the  least  significant  byte  on  data  outputs  1  to  S,  i.e., 
data  outputs  1  to  8  will  duplicate  data  outputs  9  to  16. 

The  operation  of  the  BYTE  SELECT  has  no  effect  on  the  con- 
version process  of  the  converter.,, j  . 

RIPPLE  CLOCK 

As  the  output  of  the  converter  passes  through  the  major  carry, 
i.e.,  all  "Is"  to  all  "Os"  or  the  converse,  a  positive  going  edge 
on  the  RIPPLE  CLOCK  (RC)  output  is  initiated  indicating  that 
a  revolution,  or  a  pitch,  of  the  input  has  been  completed. 

The  minimum  pulse  width  of  the  ripple  clock  is  300  ns. 
RIPPLE  CLOCK  is  normaUy  set  high  before  a  BUSY  pulse  and 
resets  before  the  next  positive  going  edge  of  the  next  copseqitire 
pulse. 

The  only  exception  to  this  is  when  DIR  changes  whilst  the  RIP- 
PLE CLOCK  is  high.  Resetting  of  ftp  Ri^J^        wiU  mi^ 
occur  if  the  DIR  remain^  stMde  £»  twp  «ail«ei;atnK  posftne 
BUSY  pulse  edges.,      :        ■,.^y,  -j,. 

If  the  AD2S80A  is  being  used  in  a  pitch  and  le^Mlutien  coMtx] 
ing  application,  the  ripple  and  busy  will  need  to  be  gatadjoi^p^ 
vent  false  itensBieptiiir  iticipnCTt  (*«  Kgu«^3).  — 

RIPPLE  cijO[^#«naiiMi%  iNKBrr. 


5ki . 

BUSY- 

NOTE:  DO  NOT  USE  ABOVE  CCT  WHEN  INHIBIT  IS -LO". 

Figure  2.  Diode  Transistor  Logic  Nand  Gate 

DIRECTION  Output  ,   <  ■ 

The  DIRECTION  (DIR)  logic  otri^itf^yf^  flie  ditmion  of 
the  input  rotation.  Any  change  in  tilie  state  precedes  the 

corresponding  BUSY,  DATA  and  RIPPM  CLOCK  updates. 
DIR  can  be  considered  as  an  asynchronous  output  and  can  make 
midtiple  changes  in  state  between  two  consecutive  LSB  update 
cycles.  This  corresponds  to  a  change  in  input  rotation  direction 
but  less  than  1  LSB. 

,  r   .,  DIGITAL  TIMING 


INHIBIT  V„J^ 


do 

>: 


PARAMETER 

Tmax 

CONDITION 

ti 

200 

600 

BUSYWUM^Vk-Vh 

10 

25 

rippl££LMKV„t«BD5Vv„ 

«> 

470 

580 

RIPPLE  CLObK      t6  HtUt  BUSY  Vh 

t. 

16 

45 

BUSY  V„  TO  DATA  V„ 

<■ 

3 

25 

BUSY  V„  TO  DATA 

70 

140 

INHIBIT  V„  TO  BUSY  V„ 

485 

625 

MIN  DIR  Vh  to  BUSY  V„ 

515 

as  ■ 

MIN  DIR  V„  TO  BUSY  V„ 

% 

000 

inhibit  V|_  to  DATA  STABLE 

t1. 

40 

110 

ENABLE  Vl  TO  DATA  V„ 

tn 

35 

110 

ENABLE  Vl  TO  DATA 

tn 

60 

140 

BYTE  i&sa    TO  bATA  STAbl 

*a 

60 

125 
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Ihe  AU2!jSUA  allows  the  user  greater  flexibility  in  choosing  the 
dynamic  characteristics  of  the  resolver-to-digital  conversion  to 
ensure  the  optimum  system  performance.  The  characteristics  are 
set  by  the  external  components  shown  in  Figure  1,  and  the  sec- 
tion "COMPONENT  SELECTION"  explains  how  to  select  de- 
sired maximum  tracking  rate  and  bandwidth  values.  The 
following  paragraphs  explain  in  greater  detail  the  dicuit  of  the 
AD2S80A  and  the  variatunis  in  the  djMkaittc  pMiJtmBm  imiA' 
able  to  the  user.  ,  .  :  r^,,-.-. 

Loop  Compensation 

The  AD2S80A  (connected  as  shown  in  Figure  1)  operates  as  a 
Type  2  tracking  servo  loop  where  the  VCO/counter  combination 
and  Integrator  perform  the  two  integration  functions  inherent  in 
a  Type  2  loop. 


acteristic  crossing  the  0  dB  axis  with  180°  of  additional  phase 
lag,  as  shown  in  Figure  5. 

This  compensation  is  implemented  by  the  integrator  components 
(R4,  C4,  R5,  C5). 

The  qverall  response  of  such  a  system  is  that  of  a  imity  ^an  seqr 
ond  order  low  pass  filter,  with  the  angle  of  the  resolver  as  the 
input  and  the  digital  position  data  as  the  output. 

The  AD2S80A  does  not  have  to  be  cormected  as  tracking  con- 
verter, parts  of  the  circuit  can  be  used  independently.  This  is 
particularly  true  of  the  Ratio  Multiplier  which  can  be  used  as  a 
control  transformer  (see  Application  Note). 

A  block  diagram  of  the  AD2S80A  is  given  in  Figure  3. 
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Figure  3.  AD2S80A  Functional  Diagram 


Ratio  Multiplier 

The  ratio  multiplier  is  the  input  section  of  the  AD2S80A  and 
compares  the  signal  from  the  resolver  input  angle,  0,  to  the  digi- 
tal angle,  <b,  held  in  the  counter.  Any  difference  between  these 
two  angles  results  in  an  analog  \  oltage  at  the  AC  ERROR  OUT- 
PUT. This  circuit  function  has  historically  been  called  a  "Con- 
trol Transfonner"  as  it  was  originally  perfonB6d>%«a « 
mechanical  device  toown  by  that  name. 

The  AC  ™'»y»^i'B'ir°'  >s  given  by 

Al  sin         sin  lat 

-      ,  •ra 

«*ere  ID  =  2  IT  fREF        "   '  ' 

fuEF  ~  reference  frequency 

Al,  the  gain  of  the  ratio  multiplier  stage  is  14.5. 

So  for  2  V  rms  inputs  signals 
AC  ERROR  output  in  volts/(bit  of  error) 


=  2  X  sin 


Al 


where  n  =  bits  per  rev 

=  1,024  for  10  bits  resolution 

=  4,096  for  12  bits 

=  16,384  for  14  bits 

=  65,536  for  16  bits 

giving  an  AC  ERROR  output 

—  178  mV/bit  fi  10  bils  resolution 
=  44.5  mV/bit  Si  12  bits 
=  11.125  mV/bit  (Ti  14  bits 
=  2.78  mV/bit  (a  16  bits. 


The  ratio  multiplier  will  work  in  exactly  the  same  way  whether 
the  AD2S80A  is  coimected  as  a  tracking  converter  or  as  a  eon-  ' 
trol  transfonner,  where-itet  is  pi^isrti|aHW»(^^ters  uahg  the 
DATA  LOAD  pin.     "  ' 

HF  Filter 

The  AC  ERROR  OUTPUT  may  be  fed  to  the  PSD  via  a  simple 
ac  coupling  network  (R2,  CI)  to  remove  any  dc  offset  at  this 
point.  Note,  however,  that  the  PSD  of  the  AD2S80A  is  a  wide- 
band demodulator  and  is  capable  of  aliasing  HF  noise  down  to 
within  the  loop  bandwidth.  This  is  most  likely  to  happen  where 
the  resolver  is  situated  in  particularly  noisy  environments,  and 
the  user  is  advised  to  fit  a  simple  HF  filter  Rl,  C2  prior  to  the 
phase  sensitive  demodulator. 

The  attenuation  and  frequency  response  of  a  filter  will  affect  the 
loop  gain  and  must  be  taken  into  account  in  deriving  the  loop 
transfer  function.  The  suggested  filter  (Rl,  CI,  R2,  C2)  is 
shown  in  Figure  1  and  gives  an  attenuation  at  the  reference  fre- 
quency (fREp)  of  3  times  at  the  input  to  the  phase  sensitive 
demodulator. 

Values  of  components  used  in  the  filter  must  be  chosen  to  en- 
sure that  the  phase  shift  at  fR^p  is  within  the  allowable  signal  to 
reference  phase  shift  of  the  converter. 

Phase  Sensitive  Demodulator 

The  phase  sensitive  demodtilator  is  effectively  ideal  and  develops 
a  mean  dc  output  at  the  DEMODULATOR  OUTPUT 

pin  of  ■     .■  •  -  :v  . 

±2  V2 
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(for  a  square  wave  the  DEMODULATOR  OUTPUT  voltage 
will  equal  the  DEMODULATOR  INPUT).  This  provides  a  sig- 
nal at  the  DEMODULATOR  OUTPUT  which  is  a  dc  level  pro- 
portional to  the  positional  error  of  the  converter. 

DC  Error  Scaling  =  160  mV/bit  (10  bits  resolution) 
=  40  mV/bit  (12  bits  resolution) 
=  10  mV/bit  (14  bits  resolution) 
=  2.S  mV/bit  (16  bits  resdution) 

^^len  the  tracking  loop  is  closed,  this  error  is  nulled  to  zero 
unless  the  coiiverter  input  angle  is  accelerating. 

Integrator 

The  integrator  components  (R4,  C4,  R5,  C5)  are  external  to  the 
AD2S80A  to  allow  the  user  to  determine  the  optimum  dynamic 
characteristics  for  any  given  application.  The  secdon  "COMPO- 
NENT SELECnON'^Mafil^  bim^e  a^ect  eonpcme^ 
chosen  bandwidth.  '       '     '  ' 

Since  the  output  from  the  integratartisfed  ts.  the  VCO  INPUT, 
it  is  proportional  to  velocity  (rate  of  change  of  output  angle)  and 
can  be  scaled  by  selection  of  R6,  the  VCO  input  resistor.  This  is 
explained  in  the  section  "VOLTAGE  CONTROLLED  OSCIL- 
LATOR (VCO)"  beloiw. 

To  prevent  the  converter  from  "flickering"  (i.e.,  continually 
toggling  by  ±1  bit  when  the  quantized  digital  angle,  4>,  is  not 
an  exact  representation  of  the  input  angle,  6)  feedback  is  inter- 
nally applied  from  the  VCO  to  the  integrator  input  to  ensure 
that  the  VCO  will  only  update  the  counter  when  the  error  is 
greater  than  or  equal  to  1  LSB.  In  order  to  ensure  that  this 
feedback  "hysteresis"  is  set  to  1  LSB  the  input  current  to  the  ,  • 
integrator  must  be  scaled  to  be  100  nA/bit.  Therefore, 


R4  = 


pC  Mmr  Scalmg  (mV/bit) 
100  {tiA/bit) 


Any  offset  at  the  input  of  the  integrator  will  affect  the  accuracy 
of  the  conversion  as  it  will  be  treated  as  an  error  signal  and 
oSset  the  digital  output.  One  LSB  of  extra  error  will  be  added 
for  each  100  nA  of  input  bias  current.  The  method  of  adjusting 
out  this  offset  is  given  in  the  section  "COMPONENT 
SELECTION." 

Voltage  Controlled  Oscillator  (VCO) 

The  VCO  is  essentially  a  simple  integrator  feeding  a  pair  of  dc 
level  comparators.  Whenever  the  integrator  output  reaches  one 
of  the  comparator  threshold  voltages,  a  fixed  charge  is  injected 
inm  the  integrator  input  to  balance  the  input  current.  At  the 
same  time  the  counter  is  clocking  either  up  or  down,  dependent 
on  the  polarity  of  the  input  current.  In  this  way  the  counter  is 
clocked  at  a  rate  proportional  to  the  magnitude  of  the  input  cur- 
rent of  the  VCO. 

During  the  reset  period  the  input  continues  to  be  integrated,  the 
reset  period  is  constant  at  400  ns. 

The  VCO  rate  is  fixed  for  a  given  input  current  by  the  VCO 

scilfhg''&^»  ■■   ■■•         '  -y..d;  ■ 

=  7.9  kHzlfiA 

The  tracking  rate  in  rps  per  (lA  of  VCO  input  current  can  be  _  „ 
found  by  dividing  the  VCO  scaling  factor  by  the  number  q£ 
LSB  changes  per  rev  (i.e.,  4096  for  12-bit  resolution). 

The  input  resistor  R6  determines  the  scaling  between  the  con- 
verter v^oc^x  ag^'ts^g®  |y?i|JJiS§PMT9&.PKFHI-,.i 


100  rps  (6000  rpm)  and  12-bit  resolution  the  VCO  input  ciurrent 
must  be: 

(100  X  40961/(7900)  =  51.8  yA 

Thus,  R6  would  be  set  to:  5/(51.8  x  K^'^'miBi:  j  '-^  r 

The  velocity  offset  voltage  depends  on  the  VCO  input  resistor, 
R6,  and  the  VCO  bias  current  and  is  given  by 

Velocity  Offset  Voltage  =  R6  x  {VCO  bias  current] 
The  temperatin-e  coefficient  of  this  offset  is  given  by  ■ 
Vehciri/  Offset  Tempco  =  R6  x  [VC^Wm  tdBmrnm^ 

where  the  VCO  bias  current  tempco  is  typically  -1.22  nA/°C. 

The  maximum  recommended  rate  for  the  VCO  is  1 . 1  MHz 
which  sets  the  maximiun  possible  tracking  rate. 

Since  the  minimum  voltage,  siraig  available  at-the  istegrator 
output  is  ±8  V,  this  implies  tbtt  ike  liiiniilium  vahie  for  R6  is 
57  kXi.  As 

1.1  X  10'  ,  -  > 

139  liA 


Ma:(  Current 


Mm  Value  R6 


7.9  X  U^- 
139  X'  Vf* 


T  ^ 


m 


Transfer  Function 

By  selecting  components  using  the  method  outhned  in  the  sec- 
tion "Component  Selection,"  the  converter  will  have  a  critically 
damped  time  response  and  maximum  phase  margin.  The 
Qosed-Loop  Tnmsfer  Ftmction  is  given  by: 
eot/7-  14  (1  4-  Ss) 


6/w 


{sn  +  2.4)  (sjv^  -I-  3.4  SN  +S 


where,  Sn,  the  normalized  frequency  variable  is:  , .  J 


s 

fsw 


and  few  is  the  closed-loop  3  dB  bandwidth  (selected  by  the 
choice  of  external  components). 

The  if^^Sffl/HP  constant,  K^,  is  given  approximately  by 
Ka  =  6x  (/-b^)^  jec-2 

The  normalized  ^in  and  jiasi  djagnma  ax  ghwa  in  Figures  4 

and  5. 
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Figure  6.  AD2S80A  Small  Step  Response 

The  small  signal  step  response  is  shown  in  Figure  6.  The  time 
from  the  step  to  the  first  peak  is  tj  and  the  t2  is  the  time  from 
the  step  until  the  converter  is  settled  to  1  LSB.  The  times  ti 
and  t2  are  given  appnndniatdy  by 

i  «3*ua<H  lii  ni'.'fis  ^1*  i'!-  1    '     'i^'-'         ux,  :■  . 

faw 

; "  5  R 

vdiere       resolution,  i.e.,  10,  12,  14  or  16. 

The  large  signal  step  response  (for  steps  greater  than  5  degrees) 
applies  when  the  error  voltage  exceeds  the  linear  range  of  the 

converter. 

Typically  the  converter  will  take  3  times  longer  to  reach  the  first 
peak  for  a  179  degrees  step. 

In  response  to  a  velocity  step,  the  velocity  output  will  ediibit 
the  same  time  response  characterisacs  as  outlined  above  for  the 
position  output. 

ACCELERATION  ERROR 

A  tracking  converter  employing  a  Type  2  servo  loop  does  not 
su£fer  any  velocity  lag,  however,  thoe  is  an  additional  error  due 


to  acceleration.  This  additional  error  can  be  defined  using  the 
acceleration  constant      of  the  converter. 

^   _    Input  Acceleration 
Error  in  Output  Angle 

The  niunerator  and  denominator  must  have  consistent  angular 
units.  For  example  if  Ky^  is  in  sec~^,  then  the  input  acceleration 
may  be  specified  in  degrees/sec^  and  the  error  output  in  degrees. 
Angular  measurement  may  also  be  specified  uang  radians,  min- 
utes of  arc,  LSBs,  etc. 

does  not  define  maximum  input  acceleration,  only  the  error  due 
to  it's  acceleration.  Tbe  t^Kdmum  agQ^ecs^gp^^|^^g|^  before 
tbe  converter  loses  track  is  dependent  on  tfie  ai^tiar  afccuracy 
requirements  of  the  system. 

Angular  Accuracy  x  Ka  =  Degrees/sec^ 

Ka  can  be  used  to  predict  the  output  position  error  for  a  given 
input  acceleration.  For  example  for  an  acceleration  of  100 
revs/sec^,       =  2.7  x  10'  sec"^  and  12-bit  resolution. 

Input  acceleration  [LSB/sec^] 


Error  in  LSBs 


100  [rev/sec^]  x  2" 


KAbec-^^ 


0.15  LSBs  or  47.5  seconds  of  arc 


2.7  X  10* 

To  determine  the  value  rf  Kji' baSed  on  the  passive  components 
used  to  define  the  dynamics  of  the  converter  the  following 
should  be  used. 

_  4.04  x  10" 

~  2"  •  «6  •  «4  ■  (C4  +  C5I 

Where  n  =  resolution  of  the  converter. 
R4,  R6  in  ohms 
OS,  04  in  farads 

SOURCES  OF  ERRORS 
Integrator  Offset 

Additional  inaccuracies  in  the  conversion  of  the  resolver  signals 
will  result  from  an  offset  at  the  input  to  the  integrator  as  it  will 
be  treated  as  an  error  signal.  This  error  will  typically  be  1  arc 
minute  over  the  operating  temperature  range. 

A  description  of  how  to  adjust  from  zero  offset  is  given  in  the 
section  "COMPONENT  SELECTION"  and  the  circuit  re- 
quired is  shown  in  Figure  1. 

Differential  Phase  Shift 

Phate  shift  between  the  sine  and  cosine  signals  from  the  resolver 
is  known  as  differential  phase  shift  and  can  cause  static  error. 
Some  differential  phase  shift  will  be  present  on  all  resolvers  as  a 
result  of  coupling.  A  small  resolver  residual  voltage  (quadrature 
voltage)  indicates  a  small  differential  phase  shift.  Additional 
phase  shift  can  be  introduced  if  the  sine  channel  wires  and  the 
cosine  channel  wires  are  treated  differently.  For  instance,  differ- 
ent cable  lengths  or  different  loads  could  cause  differential  phase 
shift. 

The  additional  error  caused  by  differential  phase  shift  on  i]ie 
input  signals  approximates  to 

Error  =  0.53  a  x  b  arc  minutes 
yibeti  a  =  differential  phase  shift  (degrees). 

b  —  signal  to  reference  phase  shift  (degrees). 

This  error  can  be  minimjyed  by  choosing  a  resolver  with  a  small 
tesidinl  vohag^,  ensuring  that  the  itbe  mtd  co^ne  signals  are 
handledidaiticillly  and  retndvinitUi  ^jWlbce  pbiise  shift  (se«  ' 


OE-V.M 


section  "CONNECTING  Tfiffi  RESOLVER").  By  taking  these 
precautions  the  extra  error  can  be  made  insignificant. 

Under  static  operating  conditions  phase  shift  between  the  refer- 
ence and  the  signal  lines  alone  wiU  not  (^redcally  affect  the  ' 
converter's  static  accuracy. 

However,  most  resolvers  exhibit  a  phase  shift  between  the  signal 
and  the  reference.  This  phase  shift  will  give  rise  under  dynaoiic 
conditions  to  an  additional  error  defined  by;  ;  i  ^i, 

Shaft  Speed  irps)  x  Phase  SI4fi  iPegrfei,) 

fiefereuce  Fnigum^  .-ji'.,- 
For  example,  for  «  phase  shift  of  20  degrees,  a  shtdft'tdtatibn'of 
22  fps  and  « tekteaee  frequency  of  S  kHz,  the  ^o^tHtei  ' 
adlibit  MiWftlftHtllrt'WaiSOfc- i'' t  .     btit  tni.;.-.-^ 

=  0.088  Degrees 
5000  * 

This  effect  can  be  eliminated  by  placing  a  phase  shift  in  the  itf- 
erence  to  the  converter  equivalent  to  the  phase  shift  in  the  re- 
solver  (see  section  "CONNECTING  THE  RESOLVER"). 

Note:  Capacitive  and  inductive  crosstaSl  tn  tite  signal  and  teferam 
leads  and  wiring  can  cause  similar  piabiems. 

VELOCITY  ERRORS 

The  signal  at  the  INTEGRATOR  OUTPUT  pin  relative  to  the 
ANALOG  GROUND  pin  is  an  analog  voltage  proportional  to 
the  rate  of  change  of  the  input  angle.  This  signal  can  be  used  to 
stabilize  servo  loops  or  in  the  place  of  a  velocity  transducer.  Al- 
though the  conversion  loop  of  the  AD2S80A  includes  a  digital 
section  there  is  an  additional  analog  feedback  loop  around..the 
velocity  signal.  This  ensures  against  flicker  in  the  dig^Mipiilt- 
tional  output  in  both  dynamic  and  static  states.  _ 

A  better  quality  velocity  signal  will  be  achieved  jftihe  following 
paints  are  considered: 

1.  I^otection. 

The  veloei^  «^al  shol^  be  feBflfeiied<before  use. 


2.  Reversion  enftr.'    '    • '"  '"rn?hn  mU  i 

The  temAmi  ^riira>«^MKii'l)f^Mt$ilr3iB6  supply  rail 
relaltfe  lS'the'bBjar:'''^  *  ■     '  '  •  ' ''  "  ■ 

3.  Ripple  and  Noise. 

Noise  on  the  input  signals  to  the  converter  is  the  major  cause  of 
noise  on  the  velocity  signal.  This  can  be  reduced  to  a  nunimum 
if  the  following  precautions  are  taken: 

The  resolver  is  connected  to  the  converter  using  separate 
twisted  pair  cable  for.the  sine,  cosne  ;m)4  rcfigrence  signals.  , 

Care  is  tskea  to  reduce  die  m^0§hMfi^^iS^"^isi^ciiiUiP 

-M  ^  Wer  is  fitted  More  the  Phase  Sensitive  DU^^td^ 
(as  described  in  the  seaioM  HF  FILTER). 
A  resolver  is  chosen  that  has  low  residual  voltage,  i.e.,  a 
small  signal  in  quadrature  with  the  refi^ence. 

Components  are  selected  to  opt^ti  die  AD2S^  with  the 
lowest  acceptable  bandwidth.  '     *'  "~i  |  ^ 

Feedthrough  of  the  reference  frequency  ^hodlStie  teMoved 
by  a  filter  on  the  velocity  signal. 

Maintenance  of  the  input  signal  voltages  at  2  V  rms  will  pre- 
vent LSB  flicker  at  die  positional  output.  The  analog  feed- 
back or  hysteresis  eiiipt^red  ittiaai"^  VCO  and  the 
intergrator  is  a  fiinction  at  the  input  signal  levels  ^ie&teedoa 
"INTEGRATOR"). 

Following  the  preceding  precautions  will  allow  the  user  to  use 
the  velocity  signal  in  very  noisy  environments,  for  example, 
PWM  motor  drive  applications.  Resolver/converter  error  curves 
may  exhibit  apparent  acceleration/deceleration  at  a  constant  ve- 
locity. This  results  in  ripple  on  t|ie;  veltxaQF  «^nal  of  isequency 
twice  the  mput  rotauou.  ' 

,VER 


>  CONNECTING  THE  1 

lue  lec^nDniendedtainnection  dtdfl^is  sbeUm  in  Figj  x  7. 


OSCILLATOR' 
(e.g.  OSC17S8I 


'fmrnmiSmmm' 


'Revenisn  error,  «r  ^ri^n><*U( 
up  and  doini  MMt  <ir  ^ 


MiAnwig^  is  a  icsuk  of  (S£faaice>  in  the 


fepm  the  resolver  requires  adjustment,  this  can  be  easily 
achieved  by  varying  the  value  of  the  resistor  R2  of  the  HF  filter 
(see  Figure  1). 

Assuming  that  Rl  =  R2  =  R  and  CI  =  C2  =  C 

and  Reference  Frequency  =  - — -zr^r 
2  IT  RC 

by  altering  the  value  of  R2,  the  phase  of  the  reference  relative  to 
the  input  signals  will  change  in  an  approidmately  linear  manner 

for  phase  shifts  of  up  to  10  degrees. 

Increasing  R2  by  10"o  introduces  a  phase  lag  of  2  degrees.  De- 
creasing R2  by  10%  introduces  a  phase  lead  of  2  degrees. 


PHASE  LEAD  =  ARC  TAN 


MRP 


PHASE  LAG  = 
ARC  TAN  2iif  RC 


Figure  8  shows  a  typical  circuit  configuration  for  the  AD2S80A 
in  a  12-bit  resolution  mode.  Values  of  the  external  components 
have  been  chosen  for  a  reference  frequency  of  S  kHz  and  a  max- 
imtmi  tracking  rate  of  260  rps  with  a  bandwidth  of  S20  Hz. 
Placing  the  values  for  R4,  R6,  C4  and  CS  in  the  equation  for 
Ka  gives  a  value  of  2.7  x  10^.  TTie  resistois  are  0.125  W;  5% 
totemce  preferred  values. -The  cq»dtc»s^ld^  WV  C^^ 
10%  tolerance  componeints.  '  "    —  '  t- 

For  signal  and  reference  voltages  greater  than  2  V  rms  a  simple 
voltage  divider  circuit  of  resistors  can  be  used  to  generate  the 
correct  signal  level  at  the  converter.  Care  should  be  taken  to 
ensure  that  the  ratios  of  the  resistors  between  the  sine  signal  line 
and  ground  and  the  cosine  signal  line  and  ground  are  the  same. : 
Any  difference  will  result  in  an  additional  position  error. 

For  more  information  on  resistive  scaling  of  SIN,  COS  and 
REFERENCE  convener  inptits  refer  to  the  application  note, 
"Circuit  AppUcatioiis  (rf||?^81  agff2Si8C;B^lver-tQ-I^til  . 
Converters." 


,  , ,  Phase  Shift  Circuits 

:yt  :  3,' I  rj9V9<  Ua9>>  iuqni  •yfrlD  ts>- 


:  Mtfrrit  lamb 


Figures.  Typical  Circuit  ConHguratioii  ' 
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Figure  9.  Large  Step  fflsspiiw  Curves  for  Typical  Circuit 
Shown  in  Figure  8 

RELIABa,ITY 

The  AD2S80A  Mean  Time  Between  Failuies  (MTBF)  has  been 
calculated  accmding  to  MIL-HDBK-217E,  Figure  10  shows  the 
MTBF  in  hours  in  naval  sheltered  condidons  for  AD2S80A/ 
883B  only. 

10000000 1  I      I      I  n 


2  1000000 


10000  I  1  1  1  1  i  \  1  1  u 

-40   -20     0      20     40     60     80    100  120 
TEMPEBATUBE-°C 

Figure  tBL  M^mA  MTBF  Curve 


Kjuniiw  Annsnumer 

The  ratio  multiplier  of  the  AD2S80A  can  be  used  independently 
of  the  loop  integrators  as  a  control  transformer.  In  this  mode  the 
resolver  inputs  6  are  multiplied  by  a  digital  angle  (|>,  any  differ- 
ence between  c|>  and  6  will  be  represented  by  the  AC  ERROR 
output  as  SIN  (dt  ^  (e-i^)  or  the  DEMOP  engpt  as  sin  (M>)- 
To  use  the  AD2S80A  in  dus  mode  refer  »  tile  <^Gantnd  Trans- 
former" application  note. 

Dynamic  Switching 

In  applications  where  the  user  requires  wide  band  response  from 
the  converter,  for  example  100  rpm  to  6000  rpm,  superior  per- 
formance is  achieved  if  the  conveners  control  characteristics  are 
switched  dynamically.  This  reduces  velocity  levds  at  low 
tracking  rates.  For  more  information  on  the  ledmique  refer  to 
"Dynamic  Resolution  Switching  Using  the  Variable  Resolution 
Monolidiic  Resolver-to-Digital  Qmverters." 

OTHER  PRODUCTS 

The  AD2S82A  is  a  monolithic,  variable  resolution  10-,  12-,  14- 
and  16-bit  resolver  to  digital  convma  in  s  44-pin  J-leaded 
PLCC  package.  In  addition  to  the  A®IS8S&  functions  it  has  a 
VCD  OUTPUT  viadi  is  a  measure  of  position  «idiin  a  L^, 
and  a  COMPLEMENT  Data  Output. 

The  AD2S81A  is  a  low  cost,  monolithic,  12-bit  resolver-to- 
digital  converter  in  a  28-pin  ceramic  DIP  package. 

ORDERING  GUIDE 


Model 

Operating 

Temperature 

Range 

Accuracy 

Package 
Option* 

AD2S80AJD 

0°C  to  -l-70'C 

8 

arc 

min 

D-40 

AD2S80AKD 

0°Cto  +70°C 

4 

arc 

min 

D-40 

AD2S80ALD 

0°CtD  +70°C 

2 

arc 

min 

D-40 

AD2S80AAD 

-40°C  to  -l-85°C 

8 

arc 

min 

D-40 

AD2S80ABD 

-40°C  to  +85°C 

4 

arc 

min 

D-40 

AD2S80ASD 

-SS'Cto  -l-125°C 

8 

arc 

min 

D-40 

AD2S80ATD 

-55°Cto  -l-125°C 

4 

arc 

min 

D-40 

AD2SgOAUD 

-55°Cto  +125°C 

2 

arc 

min 

D-40 

AD2S80ASE 

-55°Cto  +n5''C 

8 

arc 

min 

E-44A 

AD2S80ATE 

-55°Cto  +125°C 

4 

arc 

min 

E-44A 

AD2S80AUE 

-55°Cto  +125°C 

2 

arc 

min 

E-44A 

AD2S80ASD/883B 

-55°C  to  +125°C 

8 

arc 

min 

D-40 

AD2S80ATD/883B 

-55°Cto  +125''C 

4 

arc 

min 

D-40 

AD2S80ASE/883B 

-55°Cto  +125°C 

8 

arc 

min 

E-44A 

AD2S80ATE/883B 

-55"Cto  +125°C 

4 

arc 

min 

E-44A 

*D  =  Cenunic  DIP  Fiickage;  E  =  Lcadless  Cemnic  Chip  Carrier  FlKla«e. 
For  oadme  informalioii  ace  Padsage  Infonnation  secdon. 
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ANALOG 
DEVICES 


Variable  Resolution,  Monolithic 
Resolver-to-Digital  Converters 


AD2S81A/AD2S82A 


cos  I  P 
ANALOG  GND 
RIPPLE 


FEATURES 

Monolithic  (BilMOS  II)  Tracking  R/D  Convertier 

Ratiometric  Conversion 
Low  Power  Consumption:  300  mW  typ 
Dynamic  Performance  Set  by  User 
Velocity  Output 

ESD  Class  2  Protection  (2,000  V  min) 

AD2S81A  J,i  c, 

za-Pin  DIP  PactaMa  ;! 
Low  Cost 

COM 

AD2S82A  

44-Pin  PLCC  Package 

10-,  12v  14^  and  16-9lt  Resolution  Set4(y'lj^qt« 
High  Max  Tracking  Rate  1040  RPS  (10  Bits) 
VCD  Output  (Inter  LSB  Owtpwlt 
Data  Complement  FaeMfy 

APPUCATIONS     

DC  Brushless  and  AC  Motor  Control 

Process  Control  >^  i 

Numerical  Control  of  Machine  Tools  ^ 

Robotics  .  I 

Axis  Control 

GENERAL  DESCRIPTION 

The  AD2S82A  is  a  monolithic  10-,  12-,  14-  or  16-bit  tracking 
resolver-to-digital  converter  contained  in  a  44-pin  J  leaded 
PLCC  package.  Two  extra  functions  are  provided  in  the  new 
surface  mount  package  -  COMPLEMENT  and  \'CO  output. 

The  AD2S81A  is  a  monolithic  12-bit  fixed  resolution  tracking 
resolver-to-digital  converter  packaged  in  a  28-pin  DIP. 

The  converters  allow  users  to  select  their  own  dynamic  performance 
with  external  components.  This  allows  the  users  great  flexibility  in 
defming  the  converter  that  best  suits  their  system  requirements. 
The  AD2S82A  allows  users  to  select  the  resolution  to  be  10,  12, 
14  or  16  bits  and  to  track  resolver  signals  rotating  at  up  to  1040 
revs  per  second  (62,400  rpm)  when  set  to  lb-bit  resolution. 

The  AD2S81A  and  AD2S82A  convert  resolver  format  input 
signals  into  a  parallel  natural  binary  digital  word  using  a  ration 
metric  tracking  conversion  method.  This  ensures  high-noise 
immunity  and  tolerance  of  lead  length  when  die  converter  is 
remote  fiom  the  resolver. 

The  output  word  is  in  a  three-state  digital  logic  form  available  in 
2  bytes  on  the  16  output  data  lines  for  the  AD2S82A  and  on  8 
output  data  lines  for  the  AD2S81A.  BYTE  SELECT,  ENABLE 
and  INHIBIT  pins  ensure  easy  data  transfer  to  8-  and  16-bit 
data  buses,  and  outputs  are  provided  to  allow  for  cycle  or  pitch 
counting  in  external  counters. 

An  analog  signal  proportional  to  velocity  is  also  available  and 
can  be  used  to  replace  a  tacbograierator. 


AD2S82A  FUNCTIONAL  BLOCK  DIAGRAM 


VCO 

DATA  TRANSFER    \-q  VCO  I  P 
LOGIC 


PRODUCT  HIGHLIGHTS 

Monolithic.  A  one-chip  solution  reduces  Che  package  size  re- 
quired and  increases  the  reliabilitir^  _ 

Resolution  Set  by  User.  Two  control  pins  are  used  to  select 
the  resolution  of  the  AD2S82A  to  be  10,  12,  14  or  16  bits 
allowing  the  user  to  use  the  AD2S82A  with  the  optimum  resolu- 
tion for  eaeii  applicatictn. 

RationKtric  Tiaciiing  Conveiaon.  Canvczsion  technique  pro- 
vides continuous  outpiifijOsition       nidiaut  conversion  delay 
and  is  insensitive  to  absolute  signal  tevt^  It       provides  good 
noise  immimity  and  tolerance  to  halrtMi^y^BBitibn  on  the  ref- 
erence and  in})iu  signals. 

Dynamic  Performance  Set  by  the  User.  By  selecting  external, 
resistor  and  capacitor  valni^  the  user  can  determine  bandwidth, 
naaamwM  #aekii^.  tate'aad  velocity  scaling  of  the  converter  to 
match  the  system  requirements.  The  external  components  ire-  ' 
quired  are  all  low  cost,  preferred  value  resistors  and  cap^citoirsi 
and  the  componmt  valnes  are  easy  to  select  using  the  simple 
instructions  given. 

Velocity  Output.  An  analog  signal  proportional  to  velocity  is 
available  and  is  linear  to  typically  one  percent.  This  can  be  used 
in  place  of  a  velocity  transducer  in  many  applications  to  provide 
loop  stabilization  in  servo  controls  and  velocity  feedback  data. 

Low  Power  Consumption.  Typically  only  300  mW. 
MODELS  AVAILABLE 

Information  on  the  models  available  is  given  in  the  section 
"Ordering  Information." 
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Frequency 

 .  

400  20,000 

50  20,000 

Hz 

Volt^^e  l-«6vd 
Input  Bias  Current 
Input  Impetbnce 
Maximtiin  Voltage 

1.8        2.0  2.2 
60  ISO 

1.0 

* 
* 
* 
* 

nA 

Mn 

±8 

V  pk  - 

REFERENCE  INPUT 
FrcQucncy 
Voltage  Level 
Input  Bias  Current 
Input  Impedance 

400  20,000 
1.0  8.0 
60  ISO 

1.0 

SO                T  3i^Ub 

Hz 
Vpk 
nA 
Mil 

CONTROL  DYNAAJK*:  .  ' 
Repeatability  — 
Allowable  FluHS  SMlt 
TrackinsRill 

Bandwidtf  j    f  ^ 

(Signals  to  Reference) 
10  Bits 
12  Bits 
14  Bits 
16  Bits 

User  Selectable   y,  V       "  " 

1 

-10  +10 
260 

— -r. :  ■   .  j5  MjimHi^ — ' 
1 

* 

1040 
260 

1«.25 

LSB 

Degrees 

tps 

rps 
rps 

ACCURACY'"??'" 

Angular  Acomaqr 

Monotonicity 

Missing  Codes  (lei^  Riesolutfan) 

H 
I 
K 
L 

GttarantbeaMaMtaUc      '  . 

J.K    .                    ,      ,  ,„. 

L       , , 

J  U'j  

±30  +1  LSB 

±22  +  1  LSB 
±8  +  1  LSB 
±4  +  1  LSB 
±2  +  1  LSB 

4 

1 

arc  min 
arc  min 
arc  min 

Codes 
Code 

VELOCITY  SIGNAL 
Linearity 
Reversion  Error 
DC  Zero  Offset^  - 
DC  Zero  Offset  Teaqjco 
Gain  Scaling  Accuracy 
Output  Voltage 
Dynamic  Ripple 
Output  Load 

Over  Full  Range 

1  mA  Load 
Mean  Value 

±1  a3 
±2 

,1.  6 
-22 

±10 

±8        ±9  ±10.5 
1.5 
■  1.0 

* 
* 
* 

* 
* 
* 

%  FSD 
%  FSD 
mV 

M.vrc 

%  FSD 
V 

%rmsOT 

kn 

INPUT/OUTPUT  PROTECTION 
Analog  Inputs 
Analog  Outputs 

Overvoltage  Protection 
Short  Circuit  O/P  Protection 

±5.6      ±8  '    :±MA  "■  ' 

 ••   ,T|iJTJI!i  

«  ■■ 
* 

V 

mA 

Resolution 
Output  Format 
Load 

10,  12,  14,  and  16 
Bidirectional  Natural  Biliary 

i/i 

3 

* 

LSTTL 

INHIBIT' 
Sense         ■..               .-j-K  . 
Time  to  Suble  Data 

LogtC'LO  to  Inhibit 

• :  .  i  eaov, 

ns  . 

PMART 

EriN  t\Ol-J^ 

ENABLE/Disable  Time 

Logic  LO  Enables  Position 
Output.  Logic  HI  Outputs  in 
High  Impedance  State 

 rrrrt'  r,  ^ 

• 

ns 

BYTE  SELECT* 
Sense  '' 
Logic  HI 

Logic  LO 

Time  to  Data  AvaiJable 

MS  Byte  DB1-DB8, 
iT  S  Rvtp  DRQ-DRIfil^ 

LS  Byte  DBI-DB8, 
(LS  Byte  DB9-DB16)'' 

60  140 

* 

ns 

SHORT  CYCLE  INPUTS* 

SCI  SC2 
0  0 

0  1 

1  0 

1  1 

Inlenully  Pulled  High 
(100  Ml)  to  +Vs 

10  Bit 
12  Bit 
MBit 
16  Bit 

xniemaiiy  r^uueu  iiign  ^xuu  i^ii) 
to  +Vs;  Logic  LO  Allows 
Data  to  Be  Loaded  into  the 
Counters  from  the  Data  Lines 

ISO  300 

ns 
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AD2S81A/AD2S82A 


Parameter 


Condhioiis 


AD28S1A 
Min       Typ  Max 


AD2S82A 
Min      Tyf  Max 


IntenuUy  Pulled  High 
(100  kfl)  10  +Vs;  Logic  LO 
10  Aclivalej  No  Connect  for 
Normal  Operation 


BUSY' 
Sense 

Width 
Load 


Logic  HI  When  Position  0/P 
Changing 

Use  Additional  PuU-Up 


200 


600 

1 


Sense 
Max  Load 


Logic  HI  Coundi^  Up. 
Logic  LO  Countiiig  Down 


RIPPLE  djacae^ 

Sense . 


Width 
Reset 
Load 


Logic  HI 

AU  Is  to  all  Os 

AU  Ds  to  AU  Is 

Dependent  On  Input  Velocity 

Beftne  Next  Busy 


DIGITAL  INPUTS 
High  Voltage,  Vm 


Low  Voltage,  V|i, 


INHIBIT,  ENABLE 
DB1-DB16,  Byte  Select 

±Vs  =  ±10.8V,  V,  =  5.0  V 


INHIBIT,  ENABLE 
DB1-DB16,  Byte  Select 
±V,  =  ±13.2  V,V,  =  5.0  V 


0.8 


DIGITAL  INPUTS 
High  Current,  Iih 


Low  Currem,  In, 


INHIBIT,  ENABLE 
DB1-DB16 

±Vs  =  ±13.2V,  V^  =  5.5  V 


INHIBIT,  ENABLE 
DB1-DB16,  Byte  Select 
±Vs  =  ±13.2  V,Vl  =  5.5  V 


±100 


DKaTAL  INPUTS 
Low  Voltage,  Vq. 


Low  Curreot,  Iq^ 


ENABLE  =  HI 
SCI,  SC2,  Data  Load 
±Vs  =  ±12.0  V,  Vl  =  5.0  V 
ENABLE  =  HI 

SCI,  SC2,  Data  Load 

±Vs  =  ±12.0  V,  Vl  =  5.0  V 


1.0 


DIGITAL  OUTPUTS 
High  Voltage,  VoH 


Low  ^rioge.  Vol 


DB1-DB16 
RIPPLE  CLK,  DIR 
±Vs=  =12.0V,  Vl='4.5  V 
loH  =  100  (jlA 
DBI-  DB16 
RffPLE  CLK,  DIR 
±Vs  =  ±  12.0  V,  Vl=  5.5  V 
Iql  -  1-2  mA 


2.4 


D.4 


THREE-STATE  LEAKAGE 
Commit 


DB1-DB16  Only 
+Vs  =  ±12.0  V,Vl  = 
Vol  =  0  V 
+  Vs  =  ±12.0  V,Vi  = 
VoH  =  5.0  V 


5.5  V 


±100 


NOTES 

'Refers  to  small  signal  bandwidth. 
^Output  offset  dependent  on  value  for  R6. 

^Refer  to  timing  diagram. 

•'AD2S82A  only.  , 
^Specifications  same  as  AD2S81A.  ■•  ■  ]. 

Specifications  subject  to  change  without  notice. 
All  min  and  max  spedficatioiis  are  guaranteed.  Specificatioiis  in 


'•-1  ■ 


are  tested  on  all  pitaS6i^tioA  units  tf  ^iiitS 
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AD2S81A/AD2S82A-SPECIFICATI0NS  (Epical  flt  +25°C  unless  othenrisB^Beified) 


AD2SS1A 

AD2S82A 

MIb  

Tjp 

Max 

Mm           fvn           M'iii  - 
iWU  ^HmX 

f  lulls     '  ~ 

RATIO  MULTIPUER 

AC  firar  QuipC  $^Ui 

10  Bit 

J  •. 

177.6 

mV/Bit 

12  Bit 

44.4 

mV/Bit 

14  Bit 

IM 

mV/Bit 

16  Bit 

-  o 

'~"A  Bii 

PHASE  SENSITIVE  DEXECKm 

Output  Offset  Voltage 

12 

* 

Gain 

t 

In  Phase   

wj-xREF         ^  - 

-0.9 

-0.918 

*  „ 

Vnns/Vdfi 

In  Quadrature 

w.r.t.  REF 

0.04 

* 

Vrms/Vifc 

Input  Bias  Current 

60 

ISO" 

nA 

Input  Impedance 

1 

1 

iVUl 

Input  Voltage 



V 

INTEGRATOR 

Open-Loop  Gain 

At  10  kHz 

57 

63 

* 

dB 

Dead  Zone  Current  (Hys^vsis) 

100 

* 

nA/LSB 

Input  Offset  Voltage 

1 

5 

* 

mV 

Input  Bias  Current 

60 

150 

* 

nA 

Output  Voltage  Range 

±Vs  =  ±  10.8  V  dc. 

±7 

V 

VCO                           ^  - 

±Vs  -  ±  12  V  dc- 

1.0 

1.1 

* 

MHz 

Pncitiv^  DID 
1  UalllVC  L.'ll^ 

7.1 

7.9 

8.7 

*  -.1 

INCgdllvc  l.fUV 

7.1 

7.9 

8.7 

* 

\f^C\  DiMm-  C>»Mal»  g »jt jiii'iaiai . ■ 

\\AJ  rower  juppqr <acomi¥ny 

Incr£3sc 

+0.5 

%/v 

—V 

-8.0 

Dec  res  se 

+  Vs 

-8.0 

—V                          -  - 

+2.0 

* 

%/v 

Input  Offset  Volta^ 

5 

* 

mV 

Input  Bias  Current 

70 

380 

nA 

Input  Bias  Current  Tempco 

—1.22 

* 

nA/°C 

Input  Voltage  Range 

±8 

* 

V 

Linearity  of  Absolute  Rate 

Full  Range 

<2 

* 

%  FSD 

Over  0%  to  50%  of  Full  Range 



-  - 

<1 

* 

%FSD 

Reversion  Error 

1.5 

%  -FSD'  ^ 

Sensitivity  of  Reversion  Error 

fi  ■ 

+8  ' 

- ,    .  * 

of 

to  Symmetry  of  Power  Supplies 
VCO  Output'  - 

Asvmmeiry 

±2.7       ±3.0  ±3.3 

V/LSB 

POWER  Sl^IUES 

Voltage  teiN^ 

+10.8 

+13.2 

* 

V 

-10.8 

V  •  1 

+Vi, 

+5 

+13.2 

* 

V 

Current  ' 

+h 

±\\  II,  ^  12  V 

±12 

±23 

* 

mA 

+h 

±V^("  ±  13.2  V 

±19 

±30 

* 

mA 

jiv,  («  ±ija  V 

±e.s 

±1.5 

NOTE 

'The  VCO  output  swings  between  ±3  V  depending  on  the  resolver  direction. 
''AD2882A  only.  _      _  _ 

•Specifications  same  aaAD2S81A.  , 
**Specificadans  same  as  A02S82A. 
Specifications,  subject  to  change  without  notice. 


ESD  SENsmvrrY  

The  AD2S81A  and  AD2S82A  feature  input  protection  circuit  consisting  of  large  "distributed" 
diodes  and  polysilicon  series  resistors  to  dissipate  both  high  energy  discharges  (Human  Body 
Model)  and  fast,  low  energy  ,  pulses  (Charges  Device  Mpdel)r 

The  AD2S81A  and  AD2S82A  are  ESD  protection  Class  II  (2000  V  min).  Proper  ESD  precautions 
are  strongly  recammended  to  avoid  Ainctional  damage  or  performance  degradation.  For  further 
information  on  ESD  precautions,  refer  to  Analog  Devices'  ESD  Preeention  Maimal. 


WARNING! 


ESD  SENSITIVE  DEVICE 
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RECOMMENDED  OPERATING  CONDITIONS 

Power  Supply  Voltage  (+ Vg  to  -Vj)  .  .  .  .  .  .  ±  12  V  dc  ±  10% 

Power  Supply  Voltage  Vl  +5  V  dc  ±10% 

Analog  Input  Voltage  (SIN  and  COS)  2  V  rms  ±10% 

Analog  Input  Voltage  (REF)   1  V  to  8  V  peak 

Signal  and  Reference  Harmonic  Distortion  10%  (max) 

Phase  Shift  Between  Signal  and  Reference  .  ±10  Degrees  (max) 
Ambient  Operating  Temperature  Range 
Commercial  (JD,  HP,  JP,  KP,  LP)  0 

PIN  DEsilGNATIQIlS 


MNEMONIC 

DESCRIPTION 

REFERENCE  l/P 

REFERENCE  SIGNAL  INPUT 

DEMOD  l/P 

DEMODULATOR  INPUT 

AC  ERROR  O/P 

RATIO  MULTIPLIER  OUTPUT 

COS  l/P 

COSINE  INPUT 

ANALOG  GROUND 

POWER  GROUND 

SIGNAL  GROUND 

RESOLVER  SIGNAL  GROUND                  /  ' 

SIN  l/P 

SINE  INPUT 

+Vs 

POSITIVE  POWER  SUPPLY 

DB1-DB16 

PARALLEL  OUTPUT  DATA 

Vl 

LOGIC  POWER  SUPPLY 

ENABLE 

LOGIC  HI-OUTPUT  DATA  IN  HIGH  IMPEDANCE 
STATE,  LOGIC,  LO  PRESENTS  DATA  TO  THE 
OUTPUT  LATCHES. 

BYTE  SELECT 

LOGIC  HI-MOST  SIGNIFICANT  BYTE  TO  DB1-DB8 
LOGIC  LO-LEAST  SIGNIFICANT  BYTE  TO  DB1-DBS. 

INHIBIT 

LOGIC  LO  INHIBPrS  DATA  TRANSFER  TO  OUTPUT 
LATCHES. 

DIGITAL  GROUND 

DIGITAL  GIJOUND 

SC1-SC2* 

SELECT  CONVERTER  RESOLUTION 

DATA  LOAD* 

LOGIC  LO  DB1-D1E  INPUTS 
LOGIC  HI  DB1-D16  OUTPUTS 

BUSY 

CONVERTER  BUSY,  DATA  NOT  VALID  WHILE  BUSY  HI 

DIRECTION 

LOGIC  STATE  DEFINES  DIRECTION  OF  INPUT  SIGNAL 
ROTATION 

RIPPLE  CLOCK 

POSITIVE  PULSE  WHEN  CONVERTER  OUTPUT 
CHANOeS  FROM  IS  TO  ALL  OS  OR  VICA  VERSA  , 

-Vs 

NEGATIVE  POWER  SUPPLY 

VCO  l/P 

VCO  INPUT 

INTEGRATOR  l/P 

INTEGRATOR  INPUT 

INTEGRATOR  O/P 

INTEGRATOR  OUTPUT 

DEMOD  O/P 

DEMODULATOR  OUTPUT 

COMPLEMENT- 

ACTIVE  LOGIC  LO 

VCO  O/P' 

•AD2S82A  ONLY. 


Binary 

Resolution 

Degrees 

Minutes 

Seconds 

Bits  (N) 

(2") 

/Bit 

/Bit 

/Bit 

0 

1 

360.0 

21600.0 

1296000.0 

1 

2 

180.0 

10800.0 

648000.0 

2 

4 

90.0 

5400.0 

324000.0 

3 

8 

45.0 

2700.0 

162000.0 

4 

16 

22.5 

1350.0 

81000.0 

5 

32 

11.25 

675.0 

40500.0 

6 

64 

5.625 

337.5 

20250.0 

7 

128 

2.8125 

168.75 

10125.0 

8 

256 

1.40625 

84.375 

5062.5 

9 

512 

0.703125 

42.1875 

2531.25 

10 

1024 

0.3515625 

21.09375 

1265.625 

11 

2048 

0.1757813 

10.546875 

632.8125 

12 

4096 

0.0878906 

5.273438 

316.40625 

13 

8192 

0.0439453 

2.636719 

158.20313 

14 

16384 

0.0219727 

1.318359 

79.10156 

15 

32768 

0.0109836 

0.659180 

39.55078 

16 

65536 

0.0054932 

0.329590 

19.77539 

17 

131072 

0.0027466 

0.164795 

9.88770 

118 

0.0013T33 

'  iC^'i' — mr 

—  TtW  

ABSOLUTE  MAXIMUM  RATINGS'  (with  respect  to  GND) 

+Vs^   .  + 14  V  dc 

-Vs  .  .  -14  Vdc' 

+Vi.  ,.;.,;rvW:....+Vs 

ReJerence  / .  .  ..  .  .  .  M'  .*>?<sfQf  ¥  to'-V^ 

SIN  : .-.  v';  :'-:-wu  v  to— Vs 

cos   .  '.  .  .  .  .  :  +14  V  to  -Vs 

Any  Logical  Input  .  .  .  :  .  .  .  ;  .  -0.4  V  dc  to  dc 

Demodidator  Inpflt ' .  ■.' .  .  .  .' .  .....  .  .  .  .  .  .  .  +14  V  to'-Vj 

Integrator  Input  .  .'■."f'.'':  ;  F'!'.  .  .  i-.HlbsR';  .  +14  V  to  -Vs 
VCO  Inpat-,',  .^i     .  1  ,         .  .  ,1*  vi»         .  +14  V  to  -Vg 

Power  Dissipation   860  mW 

Operating  Temperature 

Commercial  (JD,  HP,  JP,  ICP,  l^'^y^^^A^Jff'C 
Storage  Temperature  (All  Grades)  .  .  ;  V:T -WC  W+1S0°C 
Lead  Temperature  (SoldCTing,  10  sec)   +300'C 

CAUTION: 

1.  Absolute  Maximum  Ratings  are  thess  valjjes  beyond  which  damage  to  the 
device  may  occur. 

2.  Coixeet  polaiity  voltages  miis!  be  maintaitt^-cs  im  ♦%*d  "!%|tos. 
i  AD2S81A/2S82A  PIN  CONFIGU«ftTI0NS 


REFERENCE  1,'P  [V 

DEtWODI  P 
AC  ERROR  O/P 

COS  l/P  [~4~ 
ANALOG  GND  [V 
SIN  l/P  [1^ 

...  Jt^SBPBI  |V 
F    '  082  [T^ 

0B3  [lO^ 
DB4 
DBS 

DB6  [n 
DB7  [w 


1b]  DEMOD  O/P 
~2t  \  INTEGRATOB  O/P 
"ie]  INTEGRATORl/P 
"iTj  VCO  l/P 
24]  -Vs 
"23]  RC 
~22j  DIR 

"20]  Dii^t^^ 

Ts]  INHIBIT 
7i]  BYTE  SELECT 
"l7]  ENABLE 

"is]  DBaua 


S      I  ^ 
£      ^  ^  S  S 

i  s  §  s  i  1  i  i  1  §  1 


SINIfl»  |_7^ 

+V8  \T 

NC  [T 

MSBDB1  [id 

DB2  [i7 

DB3  [V 

DB4  [13 

DS5  Q7 

DB6  [iT 

DB7  [iT 

DB8  [17 


2S82A 
TOPVIEW 
(NottoScal*) 


^  RC 
DIR 

js]  BUSY 

Is]  DATA  LOAD 

34]  COMP 

~a]  SC2 

^  SCI 

TTj  DIGITAL  GND 

lo]  INHIBIT 

^  NC 


yH[»jyi=j[^HHytd[iiJ 


ogSSSSSS 

^  •>NOPQNNECT  3 
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CONNECTING  THE  CONVERTER 

The  power  supply  voltages  connected  to  ^V^-ana  ~  pins 
should  be  + 12  V  dc  and  - 12  V  dc  and  must  act  be  reversed. 
The  voltage  applied  to  Vl  can  be  +5  V  dc  to  +Vs. 

It  is  recommended  that  the  decoupling  capacitors  are  connected 
in  parallel  between  the  power  lines  +Vs,  -Vg  and  ANALOG 
GROUND  adjacent  to  the  converter.  Recommended  values  are 
100  nF  (ceramic)  and  10  \k¥  (tantalum).  Also  capacitors  of 
100  nF  and  10  fiF  should  be  connected  between  +Vl  and 
DIGITAL  GROUND  adjacent  to  the  converter. 

When  more  than  one  converter  is  used  on  a  card,  then  separate 
decoupling  capacitors  should  be  used  for  each  converter. 

The  resolver  connections  should  be  made  to  the  SIN  and  COS 
inputs,  kEfeE^piCE  INPUt  and^SIGN^  GROUND  as 

■  not*    -  .  .    (.go*  Hi  ,8anjM  < 


■■••■^rt.ij-.,i 


shown  in  Figure  7  and  described  in  section  "CONNECTING 
THE  RESOLVER." 

The  two  signal  ground  wires  from  the  resolver  should  be  joined 
at  the  SIGNAL  GROUND  pin  of  the  resolver  to  minimize  the 
coupling  between  the  sine  and  cosine  signals.  For  this  reason  it 
is  also  recommended  that  the  resolver  is  connected  using  indi- 
vidually screened  twisted  pair  cables  with  the  sine,  cosine  and 
reference  signals  twisted  separately. 

SIGNAL  GROUND  and  ANALOG  GROUND  are  connected 
internally.  ANALOG  GROUND^p^i^O^JM.  GROUND 

must  be  connected  externally.  "      *  " 

The  external  components  required  should  be  connected  as 
shown  in  Figures  la  and  lb. 


DATA  SCI  SC2  ENABLE  V_ 


ie  DATA  BITS 


BYTE  +5V  DIG.BUSV  VCO  DIR 
SEI.ECT       GND  Ofl» 


Figure  1m,  AD2S$2A  Connection  Diagram 


8IQ0ND 

COS  VP, 


-m. 

■  e 
! 


SEGMENT  ■ 
SWITCHING 

R-2R  DAC 

MUM 

 1 

Ift-BTT  UP/DOWN  COUNTER 

mm  fill  1 1  \TTi 

OUTPUT  DATA  LATCH 


TRACKING 
RATE 

SELECTION 


SV       DIG.       SUSY     OIR  INHIBIT 
GND 


•  DATA  BITS  SELECT 

Figure  lb.  AD2S81A  Connection  Diagram 
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CONVERTER  RESOLUTION  (A02S82A  ONLY) 

Two  major  areas  of  the  AD2S82A  specification  can  be  selected 
by  the  user  to  optimize  the  total  system  performance.  The  reso- 
lution of  the  digital  output  is  set  by  the  logic  state  of  the  inputs 
SCI  and  SC2  to  be  10,  12,  14  or  16  bits  and  the  dynamic  char- 
acteristics of  bandwidth  and  tracking  rate  are  selected  By  the 
choice  of  external  components. 

The  choice  of  the  resolution  will  affect  the  values  of  R4  and  R6 
which  scale  the  inputs  to  the  integrator  and  the  VCD,  respec- 
tively (see  section  COMPONENT  SELECTION).  If  the  resolu- 
tion is  changed,  then  new  values  of  R4  and  R6  must  be 
switched  into  the  circuit. 

Note:  yffhea  chai^ging  resolution  iinder  dynainic  cooditioijs,  do 
it  when  the  BUSY  is  low,  i.e.,  when  Data  is  not  changing. 

CONVERTER  OPERATION 

When  connected  in  a  dicuit  such  as  shown  in  Figure  1,  the 
AD2S8IA/AD2S82A  operates  as  a  tracking  resolver-to-<£gital 
converter  and  forms  a  type  2  clos^  loop  system.  The  oiitput 
will  aii(omatieally  :follo«!:thje  input  for  speeds  up  to.  thet^^et^ 
maximum  tracking  rate.  No  convert  command  is  necessary  as 
the  conversion  is  automatically  initiated  by  each  LSB  incceiaent, 
or  decrement,  of  the  input.  Each  LSB  cha^e  of  tbei  ^^tec 
initiatES  a  BUSY  pulse.  '  -  BWSS  3 

The  AD2S8IA/AD2S82A  is  remarkably  tolerant  of  input  ampli- 
tude and  frequency  varialidn  because  the  conversion  depends 
only  on  the  ratio  of  the  iUput  signils  .  Cbnseqtiently  there  is  no 
need  for  acciurate,  stable  oscillator  to  produce  the  reference  sig- 
nal. The  inclusion  of  the  phase  sensitive  detector  in  the  conver- 
sion loop  ensures  a  high  immimity  to  signals  that  are  not 
coherent  or  are  in  quadrature  with  the  reference  sigmiii  i'i  .tj 

SIGNAL  CONDITIONING 

The  amplitude  of  the  SINE  and  COSINE  signal  inputs  should 
be  maintained  within  10%  of  the  nominal  values  if  full  perfor- 
mance is  reqiiinkl  from  ibe  velocity  signal. 

The  digital  position  output  is  relatively  insensitive  to  amplitude 
variation.  Increasing  the  input  signal  levels  by  more  than  10% 
will  result  in  a  loss  in  accuracy  due  to  internal  overload.  Reduc- 
ing levels  will  result  in  a  steady  decline  in  accuracy.  With  the 
signal  levels  at  50%  of  the  correct  value,  the  angular  error  will 
increase  to  an  amount  equivalent  to  1 .3  LSB.  At  this  level  the 
repeatability  will  also  degrade  to  2  LSB  and  the  dynamic  re- 
sponse will  also  change,  since  the  dynamic  characteristics  are 
proportional  to  the  signal  level. 

The  AD2S8IA/AD2S«2A  wiU  not  be  damaged  if  the  signal  in- 
puts are  applied  to  the  converter  without  the  power  supplies 
and/or  the  reference. 

RK'QiENCE  INPUT 

The  ampUtude  of  the  reference  signal  apphed  to  the  converter's 
input  is  not  critical,  but  care  should  be  taken  to  ensure  it  is  kept 
within  the  recommended  operating  limits. 

The  AD2S81A/AD2S82A  will  not  be  damaged  if  the  reference  is 
supplied  to  the  converter  without  the  power  sapphes  and/or  die 
mgatl  iniiuts. 
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HARMONIC  DISTORTION 

The  amotmt  of  harmonic  distortion  allowable  on  the  signal  and 
reference  lines  is  10%. 

Square  waveforms  can  be  used  but  the  input  levels  should  be 
adjusted  so  that  the  average  value  is  1.9  V  rms.  (For  example,  a 
square  wave  should  be  1.9  V  peak).  Triangular  and  sawtooth 
waveforms  should  have  a  amplitude  of  2  V  rms. 

Note:  The  figure  specified  of  10%  harmonic  distortion  is  for 
caiihr^t^  papyeaience  only. 

POSITION  OUTPUT 

The  resolver  shaft  position  is  represented  at  the  converter  out- 
put by  a  natural  binary  parallel  digital  word. 

As  the  digital  position  output  of  the  converter  passes  through 
the  major  carries,  i.e.,  all  "Is"  to  all  "Os"  or  the  converse,  a 
RIPPLE  CLOCK  (RC)  logic  output  is  initiated  indicating  that  a 
revolution  or  a  pitch  of  the  input  has  been  completed. 

The  direction  of  input  rotation  is  indicated  by  the  DIRECTION 
(DIR)  logic  output.  This  direction  data  is  always  valid  in  ad- 
vance of  a  RIPPLE  CLOCK  pulse  and,  as  it  is  internally 
latched,  only  changing  state  (1  LSB  min  change)  with  a  corre- 
sponding change  in  direction. 

Both  the  RIPPLE  CLOCK  jralse  and  the  DIRECTION  data  aie 
unaffected  by  the  application  of  the  INHIBIT. 

The  static  positional  accuracy  quoted  is  the  worst  case  error  that 
can  occur  over  the  full  dp^ting  temperature  excluding  the  ef- 
fects of  offiset  signals  at  the  INTEGRATOR  INPUT  (whith  can 
be  trjmm^  out  -  see;Jfj|^iref  la  and  lb),  and  with  the  follow- 
ing conditiims:  input  si^ial  amplitudes  are  within  10%  of  the 
nominal;  phase  shift  between  signal  and  reference  is  less  than 
10  d^tees. 

These  operating  conditions  are  selected  primarily  to  establish  a 
repeatable  acceptance  test  procedure  which  can  be  traced  to  na- 
tional standards.  In  practice,  the  AD2S81A/AD2S82A  can  be 
used  well  outside  these  operating  conditions  providing  the  above 
points  are  observed.  ,i   .,    ,  . 

VELOCITY  SIGNAL 

The  tracking  converter  technique  gaierates  an  internal  signal  at 
the  output  of  the  itite^tor.(the  INTEGRATOR  OUTPUJ,  pin) 
that  is  proportional  to  the  rate  of  change  of  the  input  angle. 
This  is  a  dc  analog  output  referred  to  as  the  VELOCITY  s^nal. 

In  many  applications  it  is  possible  to  use  the  velocity  signal 
of  the  AD2S81A/AD2S82A  to  replace  a  conventional 
tachogenerator. 

DC  ERROR  SIGNAL 

The  sigiuil  at  the  output  of  the  phase  sensitive  detector  (DE- 
MODULATOR OUTPUT)  is  the  signal  to  be  nulled  by  the 
tracking  loop  and  is,  thetefoie,  proportional  to  the  error  be- 
tween the  input  angle  and  the  output  digital  angle.  This  is  the 
dc  error  of  the  converter;  and  as  the  converter  is  a  type  2  servo 
loop,  it  will  increase  if  the  output  fails  to  track  the  input  for  any 
reason.  It  is  an  indication  that  the  input  has  exceeded  the  maxi- 
mum tracking  rate  of  the  convener  or,  due  to  some  internal 
malfunction,  the  converter  is  tinable  to  reach  a  suJJL  By.  connect- 
ing two  external  <xmpamm>  thif,f9ltaee<M^«NI|;i  « 
"built-in-test." 
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The  following  instructions  describe  how  to  select  the  external 
components  for  the  converter  in  order  to  achieve  the  required 
bandwidth  and  tracking  rate.  In  all  cases  the  nearest  "preferred 
value"  component  should  be  used  and  a  5%  tolerance  will  not 
degrade  the  overall  performance  of  the  converter.  Care  should 
be  taken  that  the  resistors  and  capacitors  will  function  over  the 
required  operating  temperature  range.  The  components  should 
be  connected  as  shown  in  Figure  1. 

PC  compatible  sc^aare  is  avaiMt  Uf  he^'ils^  sdecethe  ii^toraoft  ' 
component  values  for  the  AD2S81A  and  ADiSSlA,  'iifuf'i^pJ^^ 

transfer  gain,  phase  and  small  step  response. 

For  more  detailed  information  and  explanation,  see  secttqii,  CWr»  c 
CUIT  FUNCTIONS  AND  DYNAMJC..PpiFpffJ!ipk^CE.;'  '.' 

1.  HF  Filter  (Rl,  R2,  CI,  C2) 

The  function  of  the  HF  filter  is  to  remove  any  dc  offset  and 
to  reduce  the  amount  of  noise  present  on  the  signal  inputs  to 
the  AD2S8IAyAD2S82A,  reaching  the  Phase  Sensitive  Detec- 
tor and  affecting  the  outputs.  Rl  and  C2  may  be  omitted  -  in 
which  case  R2  =  R3  and  CI  =  Ci,  calculated  below  -  but 
their  use  is  particularly  recommended  if  noise  from  switch 
mode  power  supplies  and  brushless  motoi' drive  is  preseSnt. 

Values  should  be  chosen  so  that 

15*n     «1  =  «2  s  56An 


CI  =  C2 


1 


2-nRlfREF 

^REF  =  Reference  Frequency  (Hz) 
This  filter  gives  an  attenuation  of  3  times  at  the  input  to  the 
phase  seI^itive  detector. 


2.  Gain  Scaling  Resistor  (R4) 

If  Rl,  C2  are  fitted,  then: 

R4 


100  X  10  ■ 

where  100  x  10"'  =  current/LSB 
If  Rl,  C2  are  aiKt  tt$n: 


r.- J .  1  ..Jfi-o  ] 


R4 


n 


100  X  10  ■ 

where  Edc  =  160  ^  '0  '  for  1"  b'ts  resolution 
=  40  X  10"^  for  12  bits 
=  10  X  10-^  for  14  bits 
=  2.5  X  10-'  for  16  bits 
=  Scaling  of  the  DC  ERROR  in  volts 

3.  AC  CoupUng  of  Reference  Input  (R3,  C3) 

Select  R3  and  C3  so  that  there  is  no  significant  phase  shift  at 
the  reference  frequency.  That  is, 

Ri  =  100  ka 


C3  > 


1 


RS  X  fg£f 


with  .R3  in  n. 


4.  Maximum  Tradcing  Rate  (R6) 

The  VCQ  ii^Bt  roister  R6  sets  the  maximnm  tracking  rate 

trac^St^lHl^ittJtModty  outpmwat  be'S  V.  -  r 


per  second^  hflote  tiiat,  "3^"  mus^^nt;^|g|^^)ytjii«xiiiawni 

tisc!sjs»ratS,W,jl/i^i!rf;^  ". 
i  -  .      g  32  X  lo'"' ■wMBiKl!:  •  ■ 

.r;i^    ...       •  <.  I  >Q1  -OT  -r  '  .  Ijir, 

wh«e  n  =  bits  per  revolution  ^i-,;  . ,(,.,., 

=  1,024  for  10  bits  resolution 

=  4,096  for  12  bits 

=  16,384  for  14  bits 

=  65,536  for  16  bits 

QosedOiOop  Bandwidth  Selection  (C4,,CS,  RS)  ; 

a.  Choose  the  closed-loop  bandwidth  (fsw)  required 
ensuring  that  the  ratio  of  reference  frequency  to  band- 
width does  not  exceed  the  following  guidelines: 

Resolution      Ratio  of  Reference  Frequency/Bandwidth 


10 
12 
14 
16 


2.5 
4 

6 

7.5 


Typical  values  may  be  100  Hz  for  a  400  Hz  reference  fre- 
quency and  500  Hz  to  1^00  Hz  for  a  S  kHz  reference 
frequency.  ■ 

b:'saife^c4sothiit  '"^"l"^'''^ :  ; 

21  1 


C4 


R6  X  fevf^ 
with  R6  in  fl  and  fg^  in  Hz  selected  above. 

c. '  CS  is  given  by 

C5  =  5  X  C4F 

d.  RS  i^^ven  b]!!   . '    -  up  m      le  : 

4 

R5 


2  X 


It  X 


6.  VCp  piqgjensaition 
The  following  values  of  £16  and  : 

C6  =  470  pF   «7  =  68  n 

7.  Offset  Adjust 

Offsets  and  bias  currents  at  the  integrator  input  can  cause  an 
additional  positional  offset  at  the  output  of  the  converter  of  1 
arc  minute  tj^pical,  S.3  arc  minutes  maximinn.  If  this  caa  be 
tolerated,  tiien  R8  and  R9  can  be  omitted- £rom;  the  drcalt. 

If  fitted,  the  following  values  of  R8  and  R9  '!(hould  used: 

RS  =  4.7  Am,  R9  =  1  Ain  potentiometer 

To  adjust  the  zero  offset,  ensure  the  resolver  is  disconnected 
and  aU.tltt  external  coi^ienents  are  fitted.  Connect  the  COS 
pin  to  the  REFERENCE  INPUT  and  the  SIN  pin  to  the 
SIGNAL  GROUND  and  with  the  power  and  reference  ap- 
plied, adjust  the  potentiometer  to  give  all  < W  on  the  digital 
output  bits. 

The  potentiometer  may  be  replaced  with  select  on  test  resis- 
tors if  preferred. 
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DATA  TRANSFER 


To  transfer  data  the  INHIBIT  input  should  be  used.  The  data 
will  be  valid  600  ns  after  the  application  of  a  logic  "LO"  to 


the  INHIBIT.  This  is  regardless  of  the  time  when  the  INHIBIT 
is  applied  and  allows  time  for  an  active  BUSY  to  clear.  By  using 
the  ENABLE  input  the  two  bytes  of  data  can  be  transferred 
after  which  the  INHIBIT  should  be  returned  to  a  logic  "HI" 
state  to  enable  the  ouqnit  bitdies    be  ^(pdated. 

BUSY  Output 

The  validity  of  the  output  data  is  indicated  by  the  state  of  the 
BUSY  output.  When  the  input  to  the  converter  is  changing,  the 
signal  appearing  on  the  BUSY  output  is  a  series  of  pulses  at 
TTL  level.  A  BUSY  pulse  is  initiated  each  time  the  input  moves 
by  the  analog  equivalent  of  one  LSB  and  the  internal  counter  is 
incremented  or  decremented. 


INHIBIT  Input 

The  INHIBIT  logic  input  only  inhibits  the  data  transfer  from 
the  up-down  coimter  to  the  output  latches  and,  therefore,  does 
not  interrupt  the  operation  of  the  tracking  loop.  Releasing  the 
INHIBIT  automaticaUy  generates  a  BUSY  pulse  to  refresh  the 
output  data.  -    . .- 1_     .  - 


ENABLE  Input 

The  ENABLE  input  detennines  the  state  of  the  output  data.  A 
logic  "HI"  maintains  die  output  data  pins  in  the  high  imped- 
ance condition,  and  the  application  of  a  logic  "LO"  presents  the 
data  in  the  latches  to  the  output  pins.  The  operation  of  the 
ENABLE  has  no  effect  on  the  conversion  process. 

BYTE  SELECT  Inpnt 

The  BYTE  SELECT  input  on  the  AD2S82A  selects  the  byte  of 
the  position  data  to  be  presented  at  the  data  output  DBl  to 
DBS.  The  least  significant  byte  will  be  presented  on  data  output 
DB9  to  DB16  (with  the  ENABLE  input  taken  to  a  logic  "LO") 
regardtes  of  the  state  of  llie  BYTE  SELECT  pin.  Note  that 
when  the  AD2S82A  is  used  with  a  resolution  less  than  16  bits, 
the  unused  data  lines  are  pulled  to  a  logic  "LO."  A  logic  "HI" 
on  the  BYTE  SELECT  input  will  present  the  eight  most  signifi- 
cant data  bits  on  data  output  DBl  and  DBS.  A  logic  "LO"  will 
present  the  least  significant  byte  on  data  outputs  1  to  8,  i.e., 
data  outputs  1  to  S  will  dupUcate  data  outputs  9  to  16. 

When  the  BYTE  select  pin  is  a  logic  "HI"  on  the  AD2S81A, 
the  most  significant  byte  is  presented  on  Pins  8  to  IS  (with  the 
ENABLE  input  taken  to  a  logic  "LO").  A  logic  "HI"  presents 
the  4  least  significant  bits  on  Pins  8  to  11  and  places  a  logic 
"LO"  on  Pins  12  to  IS  (with  the  ENABLE  iiqnit  taken  to  a 
logic  "LO"). 

The  operation  of  the  BYTE  SELECT  has  no  effect  on  the  con- 
version process  of  the  converter. 

RIPPLE  CLOCK 

As  the  output  of  the  converter  passes  through  the  major  carry, 
i.e.,  all  "Is"  to  all  "Os"  or  the  converse,  a  positive  going  edge 
on  the  RIPPLE  CLOCK  (RC)  output  is  initiated  indicating  diat 
a  revolution,  or  a  pitch,  of  the  input  has  been  completed. 

The  minimum  pulse  width  of  the  ripple  clock  is  300  ns. 
RIPPLE  CLOCK  is  normaUy  set  high  before  a  BUSY  pulse  and 
resets  before  the  next  poMtiic  g»iiig'<ectee  rf  Ae  aexf  eonsecutive 
pulse.  _  ' 

r  I  tim.?ji*     -  ' 


The  only  exception  to  this  is  when  DIR  changes  while  the  RIP- 
PLE CLOCK  is  high.  Resetting  of  the  RIPPLE  clock  will  only 
occur  if  the  DIR  remains  stable  for  two  consecutive  positive 
BUSY  pulse  edges. 

If  the  AD2SS1A/AD2S82A  is  being  used  in  a  pitch  and  revolu- 
tion coimting  application,  the  ripple  and  busy  will  need  to  be 
gated  to  prevent  false  decrement  or  increment  (see  Figure  2). 


RIPPLE  CLOCK  is  unaffected  by  INHIBIT. 


BUSY 


NOTE:  DO  NOT  USE  ABOVE  CCT  WHEN  INHIBIT  IS  "LO." 
Rgure  2.  Diode  Transistot'l&^  Nahk^ate 

DIRECTION  Output  -  

The  DIRECTION  (DIR)  logic  output  indicates  the  direction  of 
the  input  rotation.  Any  change  in  the  state  of  DIR  precedes  the 
corresponding  BUSY,  DATA,  and  RIPPLE  CLOCK  updates. 
DIR  can  be  considered  as  an  asynchronous  output  and  can  make 
multiple  changes  in  state  between  two  consecutive  LSB  update 
cycles.  This  corresponds  to  a  change  in  input  rotation  direction 
but  less  than  1  LSB. 


COMPLEMENT  (AD2S82A  Only) 

The  COMPLEMENT  input  is  internally  pulled  to  + 12  V  in  the 
INACTIVE  STATE.  It  is  pulled  down  to  DIGITAL  GROUND 
(100  (jiA)  to  ACTIVATE. 

When  used  in  conjunction  with  DATA  LOAD,  strobing  DATA 
LOAD  and  COMPLEMENT  pins  to  logic  LO,  will  set  the  logic 
HIGH  bits  of  the  AD2S82A  counter  to  a  LO  state.  Those  bits 
of  the  applied  data  which  are  logic  LO  will  not  change  the  cor- 
responding  bits  in  the  AD2SS2A  counter: 

For  Example: 


Initial  Counter  State 

1  0 

1  0  1 

Applied  Data  Word 

1  1 

0  0  0 

Counter  State  afta  Data  Load 

1  1 

0  0  0 

Initial  Counter  State 

1  0 

1  0  I 

Applied  Data  Word 

1  1 

0  0  0 

Coimter  State  after  Data  Load  and  Complement 

0  0 

1  0  1 

In  order  to  read  the  output  the  following  procedures  should  be 
followed: 


1 .  Place  Outputs  in  high  impedance  state  (ENABLE  =  HI). 

2.  Present  data  to  pin.s. 

3.  Pull  DATA  LOAD  and  COMPLEMENT  pins  to  ground. 

4.  Wait  100  ns. 

5.  Remove  data  from  pins. 

6.  Remove  outputs  from  high  impedance  sMe  @ffimV 
=  Lp). 

i.  Read  outputs. 
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PARAMETER 

Tmin 

Tmax 

CONDITION 

ti 

200 

600 

BUSY  WIDTH  Vh  -  Vh 

t2 

10 

25 

RIPPLE  CLOCK  V„  TO  BUSY  V„ 

t3 

470 

580 

RIPPLE  CLOCK  Vl  TO  NEXT  BUSY  V„ 

t4 

16 

45 

BUSY  V„  TO  DATA  V„ 

3 

25 

BUSY  V„  TO  DATA  Vl 

u  ■ 

70 

140 

INHIBIT  V„  TO  BUSY  V„ 

«7 

485 

625 

MIN  DIR  V„  TO  BUSY  V„ 

515 

670 

MIN  DIR  V„  TO  BUSY  V„ 

u 

600 

INHIBIT  Vl  TO  DATA  STABLE 

40 

110 

ENABLE  Vl  TO  DATA  V„ 

«,1 

35 

110 

ENABLE  Vl  TO  DATA  Vl 

60 

140 

BYTE  SELECT  Vl  TO  DATA  STABLE 

t-,3 

60 

125 

BYTE  SELECT  Vh  TO  DATA  STABLE 

CIRCUIT  FUNCTIONS  AND  DYNAMIC 
PERFORMANCE 

The  AD2S81A/AD2S82A  allows  the  user  greater  flexibility  in 
choosing  the  dynamic  characteristics  of  the  resolver-to-digital 
conversion  to  ensure  the  optimum  system  performance.  The 
characteristics  are  set  by  the  external  components  shown  in  Fig- 
ure 1,  and  the  section  "COMPONENT  SELECTION"  explains 
how  to  select  desired  maximum  tracking  rate  and  bandwidth 
values.  The  following  paragraphs  explain  in  greater  detail  the 
circuit  of  the  AD2S81A/AD2S82A  and  the  variations  in  the  dy- 
namic performance  available  to  the  user. 

Loop  Compensation 

The  AD2S81A  and  AD2S82A  (connected  as  shown  m  Figure  la 
and  lb)  operates  as  a  type  2  tracking  servo  loop  where  the  VCO/ 
counter  combination  and  integrator  perform  the  two  integration 
functions  inherent  in  a  type  2  loop. 


Additional  compensation  in  the  form  of  a  pole/zero  pair  is  re- 
quired to  stabilize  any  type  2  loop  to  avoid  the  loop  gain  charac- 
teristic crossing  the  0  dB  axis  with  180°  of  additional  phase  lag, 
as  shown  in  Figure  5.  This  compensation  is  implemented  by  the 
integrator  components  (R4,  C4,  R5,  C5). 

The  overall  response  of  such  a  system  is  that  of  a  unity  gain  sec- 
ond order  low  pass  filter,  with  the  angle  of  the  resolver  as  the 
input  and  the  digital  position  data  as  the  output. 

The  AD2S81A/AD2S82A  does  not  have  to  be  connected  as 
tracking  converter,  parts  of  the  circuit  can  be  used  indepen- 
dently. This  is  particularly  true  of  the  Ratio  Multiplier  which 
can  be  used  as  a  control  transformer  (see  Application  Note). 

A  block  diagram  of  the  AD2S81A/AD2S82A  is  given  in 
Figure  3. 


AC  ERROR 
Q 


sin  0  sin  bit  i 


cos  B  sin  bit 


.  mm, 

MLfLTIPLIER 


IT 


Ai  sin(H  -  (l>)sin(ut 


GL.OCK 


PHASE 
SENSITIVE 
DEMODULATOR 


DIRECTION 


•..-..>  -f  ?.: 


VELOCITY 


f$ufe3.  A02S 


^SS2A  Functiomal  Oiagram 


RE  V  .  A 


AD2S81A/AD2S82A 


Ratio  Multiplier 

The  ratio  multiplier  is  the  input  section  of  the  AD2S8IA/ 
AD2S82A  and  compares  the  signal  from  the  resolver  input 
angle,  6,  to  the  digital  angle,  <b,  held  in  the  counter.  Any  differ- 
ence between  these  two  angles  results  in  an  analog  voltage  at  the 
AC  ERROR  OUTPUT.  This  circuit  function  has  historically 
been  called  a  "Control  Transformer"  as  it  was  originally  per- 
formed by  an  electromechanical  device  known  by  that  tjame. 

The  AC  ERROR  signal  is  given  by 

Al  sm  (ei-<t>lsi>i  oa 

where  w  =  2  it  f^Ep 

fREF  -  reference  frequency 

Al,  the  gain  of  the  ratio  multiplier  stage  is  14.5. 

So  for  2  V  rms  inputs  signals 

AC  ERROR  output  in  volts/(bit  of  error) 

=  2  X  sin  (~j  ^ 

T — r 

Where  n  =  bits  per  rev 

=  1,024  for  10  bits  resolution 
=  4,096  for  12  bits 
=  16,384  for  14  bits 
=  65,536  for  16  bits 

Giving  an  AC  ERROR  output 

=  178  mV/bit  (n  10  bits  resolution 
=  44.5  mV/bit  Cu  12  bits 
=  11.125  mV/bit  (a  14  bits 
=  2.78  mV/bit  @  16  bits 

The  ratio  multiplier  will  work.in  exactly  the  same  way  whether 
the  AD2S81A/AD2SS2A  is  connected  as  a  tracking  converter  or 
as  a  control  tran^rmer,  where  data  is  preset  iaCD'dre  counters 
using'tte  D^TA  LOAD  pin.  ''   '»''"  ' 

HF  Fitter 

The  AC  ERROR  OUTPUT  may  be  fed  to  the  PSD  via  a  simple 
ac  coupling  network  (R2,  CI)  to  remove  any  dc  offset  at  this 
point.  Note,  however,  that  the  PSD  of  the  AD2S81A/AD2S82A 
is  a  wideband  demodulator  and  is  capable  of  aliasing  HF  noise 
down  to  wifliin  the  loop  bandwidth.  This  is  most  likely  to  hap- 
pen where  the  resolver  is  situated  in  particularly  noisy  environ- 
ments, and  the  user  is  advised  to  fit  a  simple  HF  filter  Rl,  C2 
prior  to  the  phase  sensitive  demodulator. 

The  attenuation  and  frequency  response  of  a  filter  will  affect  the 
Ump  gan  and  must  be  taken  into  accoimt  in  deriving  the  loop 
transfer  function.  The  su^ested  filter  (Rl,  CI,  R2,  C2)  is 
shown  in  Figure  1  aqd  gives  an  attenuation  at  the  reference 
frequency  (fREp)  °i  3  times  at  the  input  to  the  phase  sensitive 
demodulator. 

Values  of  components  used  in  the  filter  must  be  chosen  to  en- 
sure that  the  phase  shift  at  fRsp  is  within  the  allowable  signal  to 
reference  phase  shift  of  the  converter.  ■ 


Phase  Sensitive  Demodulator 

The  phase  sensitive  demodulator  is  effectively  ideal  and  develops 
a  mean  dc  output  at  the  DEMODULATOR  OUTPUT 
pin  of  ,   ,  , 

±2  V2 

  X  [DEMODULATOR  INPUT  ms  voltage] 

IT 

for  sinusoidal  signals  in  phase  or  antiphase  with  the  reference 
(for  a  square  wave  the  DEMODULATOR  OUTPUT  voltage 
vrill  equal  the  DEMODULATOR  INPUT).  This  provides  a  sig- 
nal at  the  DEMODULATOR  OUTPUT  whi<Ji  is  a  dc  level  pro- 
portional to  the  -iMsitional  error  of  ilMe! <SbUill^( 

DC  Error  Scaling  =  160  mV/bit  (10  faiti  resolution) 
=  40  mV/bit  (l2'%i?!tes«i«on) 
=  10  mV/bit  (14  bits  resolution) 
=  2.5  mV/bit  (16  bits  resolution) 

When  the  tracking  loop  is  closed,  this  error  is  nulled  to  zero  i 
luiless  the  converter  input  angle  is  accelerating. 

Integrator 

The  integrator  components  (R4,  04,  R5,  C5)  are  external  to  the 
AD2S81A/AD2S82A  to  allow  the  user  to  determine  the  opti- 
mimi  dynamic  characteristics  for  any  given  application.  The  sec- 
tion "COMPONENT  SELECTION"  explains  how  to  select 
components  for  a  chosen  bandwidth. 

Since  the  output  from  the  integrator  is  fed  to  the  VCO  INPUT, 
it  is  proportional  to  velocity  (rate  of  change  of  output  angle)  and 
can  be  scaled  by  selection  of  R6,  the  VCO  input  resistor.  This  is 
explained  in  the  section  "VOLTAGE  CONTROLLED  OSCIL- 
LATOR (VCO)"  below. 

To  prevent  the  converter  from  "flickering"  (i.e.,  continually 
toggling  by  ±  1  bit  when  the  quantized  digital  angle,  <!),  is  not 
an  exact  representation  of  the  input  angle,  6),  feedback  is  inter- 
nally applied  from  the  VCO  to  the  integrator  input  to  ensure 
that  the  VCO  will  only  update  the  counter  when  the  error  is 
greater  than  or  equal  to  1  LSB.  In  order  to  ensure  that  this 
feedback  "hysteresis"  is  set  to  1  LSB  the  input  current  to  the 
int^IftjCjf  must.  ^  scalied^to  jbe  100  nA/bit.  Therefore, 


R4 


DC  Etmr  Scaling  [mV/bit] 


100  inA/bit) 

Any  offset  at  the  input  of  the  integrator  will  affect  the  accuracy 
of  the  conversion  as  it  will  be  treated  as  an  error  signal  and 
offset  the  digital  output.  One  LSB  of  extra  error  will  be  added 
for  each  100  nA  of  input  bias  current.  The  method  of  adjusting 
out  this  offset  is  given  in  the  section  "COMPONENT 
SELECTION." 

Voltage  Controlled  Oscillator  (VCO) 

The  VCO  is  essentially  a  simple  integrator  feeding  a  pair  of  dc 
level  comparators.  Whenever  the  integrator  output  reaches  one 
of  the  comparator  threshold  voltages,  a  fixed  charge  is  injected 
into  the  integrator  input  to  balance  the  input  current.  At  the 
same  time  the  counter  is  clocking  either  up  or  down,  dependent 
on  the  polarity  of  the  input  current.  In  this  way  the  counter  is 
clocked  a^  a  rate  proportional  to  the  magnitude  of  the  input  cur- 

jpttsf  *^  vqo.  „ 
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ine  vv^u  rate  is  tixea  tor  a  given  input  current  by  the  VCO 
scaling  fgcttir:  . 

=  7.9  kHzl^A 

The  tracking  rate  in  rps  per  jiA  of  VCO  input  current  can  be 
found  by  dividing  the  VCO  scaling  factor  by  the  number  of 
LSB  changes  per  rev  (i.e.,  4096  for  12-bit  resolution). 

The  input  resistor  R6  determines  the  scaling  between  the  con- 
verter velocity  signal  voltage  at  the  INTEGRATOR  OUTPUT 
pin  and  the  VCO  input  current.  Thus  to  achieve  a  5  V  output  at 
100  rps  (6000  rpm)  and  12-bit  resolution  the  VCO  input  current 
must  be:  ,  ~y 

(100  X  4096)/(7900)  =  51.8  i>A 
Thus,  R6  would  be  set  to:  5/(51.8  x  lO"*)  =  96  kn 

The  velocity  offset  voltage  depends  on  the  VCO  inimt  resistor, 
R6,  and  the  VCO  bias  current  and  is  given  by 

Velocity  Offset  Voltage  =  R6  x  {VCO  bias  current) 
The  temperature  coefficient  of  this  offset  is  given  by 

Velodty  Offset  Tempco  =  R6  x.  {VCO  bias  current  lempco] 
where  the  VCO  bias  current  tempco  is  typically  -1.22  nA/°C. 

The  maximum  recommended  rate  for  the  VCO  is  1 . 1  MHz 
which  sets  the  maximum  possible  tracking  rate. 

Since  the  minimum  voltage  swing  available  at  the  integrator 
output  is  ±8  V,  this  implies  that  the  minimum  value  for  R6  is 
57  kn.  As 

1.1  xlO' 

Max  Current  =  Jl^^-^  =  139  |xA 

Min  Value  R6       ^        =  57  kSl 
VCO  OUTPUT 

In  order  to  overcome  the  "freeplay"  inherent  in  a  servo  system 
using  digitized  position  feedback,  an  analog  output  voltage  is 
available  representing  the  resolver  shaft  position  within  the  least 
significwt  bit  of  digital  angle  output. 

The  converter  updates  the  Ottt|>ut  if  the  error  is  an  LSB  or 
greater  and  the  VCQ  ouqnit  gives  the  positional  error  smaller 
than  1  LSB. 

Figine  4  illustrates  how  the  VCO  output  compensates  for  in- 
stances where,  due  to  hjrsteresis,  there  is  no  change  in  the  digi- 
tal coimt  output  for  1  LSB  change  in  input  angle.  The  sam  of 
the  digital  coimt  output  and  VCO  output  equals  the  actual  input 
angle. 


non  "Component  Selection,"  the  converter  will  have  a  critically 
damped  time  response  and  maximum  phase  margin.  The 
Closed-Loop  Transfer  Fimction  is  given  by: 

epi/r  ^   14  (1  +  sn\  

e/Af       (sa, -I- 2.4Ms>,^  -H  3.4  sjv -1-5.81 
where,  s^,  the  normalized  frequency  variable  is: 

2  I 

sn  =  -  -r- 
Saw 

and  fgvc/  is  the  closed  loop  3  dB  bandwidtli  (selected  by  tlie 
choice  of  external  components). 

The  accderation  constant,  Ka,  is  given  approximately  by 

The  normalized  gain  and;pivse,  diagrams  are  given  in-  Finires 
and  6. 
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Figure  6.  AD2S81A/AD2S82A  Phase  Plot 
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liic  Muaii  Mguai  sLcp  response  is  snown  in  figure  /.  Ihe  time 
from  the  step  to  the  first  peak  is  t,  and  the  t2  is  the  time  from 
the  step  until  th?  converter  is  settl«;tl  to  1  LSB.  The  times  t, 

1 

where  R  =  resolution,  i.e.,  10,  12,  14  or  16. 


can  be  used  to  predict  the  output  position  error  lui  d  given 
input  acceleration.  For  example  for  an  acceleration  of  100  , 
revs/sec^,       =  2.7  x  10*  sec"*  and  12-bit  re'iolution. 


Figure  7.  A02S81A/AD2S82A  Small  Step  Response 

The  large  signal  step  response  (for  steps  greater  than  S  degrees) 
applies  when  the  error  voltage  exceeds  the  linear  range  of  the 
converter. 

Typically  the  converter  will  take  three  times  longer  to  reach  the 

first  peak  for  a  179  degrees  step. 

In  response  to  a  velocity  step,  the  velocity  output  will  exhibit 
the  same  time  response  characteristics  as  outlined  above  for  the 
position  output. 

ACCELERATION  ERROR 

A  tracking  converter  employing  a  type  2  servo  loop  does  not 
suffer  any  velocity  lag,  however,  there  is  an  additional  error  due 
to  acceleration.  This  additional  error  can  be  defined  using  the 
acceleration  constant      of  the  converter. 

_    Input  Acceleration 
*  ~  Error  in  Output  Angle 

The  numerator  and  denominator  must  have  consistent  angular 
units.  For  example,  if      is  in  sec"'',  then  the  input  acceleration 
may  be  specified  in  degrees/sec^  and  the  error  output  in  degrees. 
Angular  measurement  may  also  be  specified  using  radians,  min- 
utes of  arc,  LSBs,  etc. 

does  not  define  maximum  input  acceleration,  only  the  error  due 
to  it's  acceleration.  The  maximum  acceleration  allowable  before 
the  converter  loses  track  is  dependent  on  the  angular  accuracy 
requirements  of  the  system. 

Angular  Acamuy  x       =  dtgreeslsa^ 


Error  in  LSBs 


Input  accelen 


=     '27x  iV         O.IS  Ems  ^^.5  simMds  of  m 

To  determine  the  value  of      based  on  the  passive  components 
used  to  define  the  dynamics  of  the  converter  the  following 
should  be  used: 

_  4.04  X  10" 

"  2"  •  R6  •  /?4  •  (C4  +  C5) 

Where  n  =  resolution  of  the  converter 
R4,  R6  in  ohms 
C5,  C4  in  farads 

SOURCES  OF  ERRORS 
Integrator  Offset 

Additional  inaccuracies  in  the  conversion  of  the  resolver  signals 
will  restilt  from  an  offset  at  the  input  to  the  integrator  as  it  will 
be  treated  as  an  error  signal.  This  error  will  typically  be  1  arc 
minute  ova  the  operating  temperaBize  tapge. 

A  description  of  how  to  adjust  fixftn  zWbiKtt#lgiveii  in  the 
section  "COMPONENT  SELECTION"  «#lit.!arcuit  re,, 
quired  is  shown  in  Figure  la,  b.         5.' t<>:t« -in-  :vi 
Differential  Phase  Shift  -  .  .-       ,  -  r 

Phase  shift  between  the  sine  and  cosine  signals  from  the  resolver 
is  known  as  differential  phase  shift  and  can  cause  static  error. 
Some  differential  phase  shift  will  be  present  on  all  resolvecs  as  a 
result  of  coupling.  A  small  resolver  residual  voltage  (quadrature 
voltage)  indicates  a  small  differential  phase  shift.  Additional 
phase  shift  can  be  introduced  if  the  sine  channel  wires  and  the 
cosine  channel' wires  are  treated  diKeiently.  Far  instanjjp,  differ- 
ent cable  lengths  br  (Uffer^t  loads  MMMt  WHMai'phase 
shift. 

The  additional  error  caused  by  differential  phase  shift  on  the 
input  signals  approximates  to 

Error  =  0.53  a  x  b  arc  minutes 
where  a  =  differential  phase  shift  (degrees). 

b  =  signal  to  reference  phase  shift  (degrees). 

This  error  can  be  minimized  by  choosing  a  resolver  with  a  small 
residual  voltage,  ensuring  that  the  sine  and  cosine  signals  are 
handled  identically  and  removing  the  reference  phase  shift  (see 
section  "CONNECTING  THE  RESOLVER").  By  taking  these 
precautions  the  extra  error  can  be  made  insignificant. 

Under  static  operating  conditions  phase  shift  between  the  t^er- 
ence  and  the  signal  lines  alone  will  not  theoretically  affect  tlte 
converter's  static  acciuracy. 

However,  most  resolvers  exhibit  a  phase  shift  between  the  signal 
and  the  reference.  This  phase  shift  will  give  rise  under  dynamic 
conditions  to  an  additional  error  defined  by: 

Shaft  Speed  {rfa)  x  Phase  Sh^  lOjgwg) 
Reference  Frequauy 


flEV.  A 


^BP&MWaSWflS  3-83 


AD2S81A/AD2S82A 


For  example,  for  a  phase  shift  of  20  degrees;*  stoft  rotation  of 
22  rps  and  a  reference  frequency  of  5  kHz,  die  c^verter  will 
exhibit  an  additional  error  of: 
22  X  20 

=  0.088  degrees 
5800         ■  * 

This  effect  can  be  eliminated  by  putting  a  phase  shift  in  the  ref- 
erence to  the  converter  equivalent  to  the  phase  shift  in  the  re- 
solver  (see  spc^ion  '?CONNECTmG  THE  RESOLV^i^.  ^ 

Note:  Capacitive  and  mductive  crossmlk  in  the  ^gnil  Md  r^ren^i 
kads  and  wiring  can  cause  similar  problems.  '  ■ 

»:'  t^iU 

VELOCITY  ERRORS 

The  signal  at  the  INTEGRATOR  OUTPUT  pin  relative  to  the 
ANALOG  GROUND  pin  is  an  analog  voltage  proportional  to 
the  rate  of  change  of  the  input  angle.  This  signal  can  be  used  to 
stabilize  servo  loops  or  in  the  place  of  a  velocity  transducer.  Al- 
tfaouc^  the  conversion  loop  of  the  AD2S8IA/AD2S82A  includes 
a  digital  section,  there  is  an  additional  analog  feedback  loop 
around  the  velocity  signal.  This  ensures  against  flicker  in  the 
digital  positional  output  in  both  dynamic  and  static  states. 

A  better  quality  velocity  signal  will  be  achieved  if  the  following 
points  are  considered: 

1.  Protection. 

The  velocity  signal  should  be  buffered  before  use. 

2.  Reversion  error.' 

The  revoisitm  error  be  auSed  by  varying  one  supply  rail 
relative  to^  edier.  ■'■.^r,, 

3.  Ripple  and  Noise.  ' 

Noise  on  the  mpM  signah  to  the  converter  is  the  major  cause  of 
■  noise  on  the  velocity  signal.  This  can  be  reduced  to  a  TnininniTn 
if  the  following  precautions  are  taken: 

The  resolver  is  connected  to  the  converter  using  separate 
twisted  pair  cable  for  the  sine,  cosine  and  reference  signals. 

Care  is  takra  to  reduce  the  external  noise  wherever,  posdble. 

An  HF  filter  is  fitted  before  the  Phase  Sensitive  Demodulator 
(as  described  in  the  section  HF  FILTER). 

A  resolver  is  chosen  that  has  low  readtial  VoO^e,  i;e;,  a 
small  signal  in  quadrature  with  the  reference: 

Components  are  selected  to  operate  the  AD2S^1A/AI32SS2A' 
with  the  lowest  acceptable  bandwidth. 

Feedthrough  of  the  reference  frequency  should  be  removed 
by  a  filter  on  the  velocity  signal. 

Maintenance  of  the  input  signal  voltages  at  2  V  rms  will 
prevent  LSB  flicker  at  the  positional  output.  The  analog 
feedback  or  hysteresis  employed  around  the  VCO  and  the 
integrator  is  a  function  of  the  input  signal  levels  (see  section 
"INtEGRAtOR'*}: 


Following  the  preceding  precautions  will  allow  the  user  to  use 
the  velocity  signal  in  very  noisy  environments  for  example  PWM 
motor  drive  applications.  Resolver/converter  error  curves  may 
exhibit  apparent  acceleration/deceleration  at  a  constant  velocity. 
This  results  in  ripple  on  the  vdodty  «i|^i91llifiii4ueney  twice 
the  input  rotation. 

CONNECTING  THE  RESOLVER 

The  recommended  contlection  circuit  is  shown  in  Figure  8. 


hf.   figiire  ft  Connecting  the  AD2S82A  to  a  Resolver 


In  cases  where  the  reference  phase  relative  to  the  input  signals 
from  the  resolver  requires  adjustment,  this  can  be  easily 
achieved  by  varying  the  value  of  the  resistor  R2  of  the  HF  Alter 

(see  Figure  la,  b). 

Assummg  that  Rl  =  R2  =  R  and  CI  =  C2  =  C 

1  !f,r 

and  Reference  Frequency  - — .  • 

by  altering  the 'value  o[  R2j  the  pbumit  ^t^exatce  lefattive  to 
the  input  signals  will  change  in  an  apprcndmately  linear  manner 

for  phase  shifts  of  up  to  10  degrees. 

Increasing  R2  by  10%  introduces  a  phase  lag  of  2  degrees.  De- 
creasii^  R2  by  10%  introduces  a  f^s6>lilili  of  2  degreed. 


PHASE  LEAD    ARC  TAN  - 


PHASE  LAG  = 
ARC  TAN  2ntRC 

O-WV-J-O 

5 


Figure  9.  Phase  Shift  Circuits 


'Reversioa  error,  or  side-to-side  nonlinearity,  is  a  result  of  differences  in  the 
up  and  down  inin  of  4>e  VCp. 
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Figure  10.  Typical  Circuit  Cortfiguration 


TYPICAL  CIRCUIT  CONFIGURATION 

Figure  10  shows  a  typical  circuit  configuration  for  the 
AD2S81A/AD2S82A  in  a  12-bit  resolution  mode.  Values  of  the 
external  components  have  been  chosen  for  a  reference  frequency 
of  5  kHz  and  a  maximtim  tracking  rate  of  260  rps  with  a  band- 
width of  520  Hz.  Placing  the  values  for  R4,  R6,  C4  and  C5  in 
the  equation  for       gives  a  value  of  2.7  x  10'.  The  resistors  are 
0.125  W,  5%  tolerance  preferred  values.  The  cajjacitors  are 
100  V  ceramic,  10%  tolerance  components. 

For  signal  and  reference  voltages  greater  than  2  V  rms  a  simple 
voltage  divider  circuit  of  resistors  can  be  used  to  generate  the 
correct  signal  level  at  the  converter.  Care  should  be  taken  to 
ensure  that  the  ratios  of  the  resistors  between  the  sine  signal  Une 
and  ground  and  the  cosine  signal  line  and  ground  are  the  same. 
Any  difference  will  result  in  an  additional  position  error. 

For  more  information  on  resistive  scaling  of  SIN,  COS  and 
REFERENCE  convener  inputs,  refer  to  the  application  note 
"Circuit  Applications  of  tbe  2S8I  and  2880  Resolver-to-Digital 
Converters." 


APPLICATIONS 
Control  Transformer 

The  ratio  multiplier  of  the  AD2S82A  can  be  used  independently 
of  the  loop  integrators  as  a  control  transformer.  In  this  mode  the 
resolver  inputs  6  are  multiplied  by  a  digital  angle  <i>,  any  differ- 
ence between  4i  and  9  will  be  represented  by  the  AC  ERROR 
output  as  SIN  cot  sin  (6-<|))  or  the  DEMOD  output  as  sin  (6-<|>). 
To  use  the  AD2S81A/AD2S82A  in  this  mode  i#lr  to  Jttie 
"Control  Transformer"  application  note. 

Dynamic  Switching 

In  applications  where  the  user  requires  wide  band  response  from 
the  converter,  for  example  100  rpm  to  6000  rpm,  superior  per- 
formance is  achieved  if  the  converters  control  characteristics  are 
switched  dynamically.  This  reduces  velocity  offset  levels  at  low 
tracking  rates.  For  more  information  on  the  technique  refer  to 
"Dynamic  Resolution  Switching  Using  the  Variable  Resolution 
Monolithic  Resolver-to-Digital  Converters." 


360  • 
315  ■ 
270  ■ 


Figure  1 1.  Large  Step  Response  Curves  for  Typical 
Circuit  shmm  'm  figmti  fO 
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ORDERING  GUIDE 


Operating 

Temperature 

Package 

Accnracy 

Range 

Optkm* 

AD2S81AJD 

30  arc  min 

0°C  to  +70°C 

D-28 

AD2S82AHP 

22  arc  min 

0°C  to  +70°C 

P-44A 

AD2S82AJP 

8  arc  min 

0°C  to  +70°C 

P-44A 

AD2S82AKP 

4  arc  min 

0°C  to  +70°C 

P-44A 

AD2S82ALP 

2  arc  min 

0°C  to  +70°C 

P-44A 

♦D  =  Ceramic  DIP  Package;  P 
(PLCC)  Package.  For  outline 
Infonnation  section. 


=  Plastic  Leaded  Chip  Carper 


OTHER  PRODUCTS 

The  AD2S80A  is  a  monolithic  resolver  to  digital  converter  offer- 
ing 10-16  bits  of  resolution  and  user  selectable  dynamics.  The 
AD2S80A  is  also  available  in  40-pin  ceramic  DIP,  44-irin  IXXI 
and  is  quahfied  to  MIL-STD  883B  Rev  C. 

The  AD2S46  is  a  highly  integrated  hybrid  resolver/synchro  to 
digital  converter  packaged  in  a  28-pin  ceramic  DIP.  The  part 
offers  the  user  1.3  arc  miuutts  of  accmaql  (Mftite  full  mifitary 
temperanire  range. 

The  AD2S34  is  a  dual  channel  14-bit  hybrid  resolver  to  digital 
converter  packaged  in  a  1  in^  32-pin  flatpack. 

The  1740/41/42  are  hybrid  resolver/synchro  to  digital  converters 
which  incorporate  pico-transformer^ 
conditioning. 
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Variable  Resolution,  Monolithic 
Resolver-to-Digital  Converter 


FEATURES 

Monolithic  Tracl<ing  R/D  Converter 
44-Pin  PLCC  Pacl<age 

10-,  12-,  14-  or  16-Bit  Resolution  Set  by  User 
Ratiometric  Conversion 
Low  Power  Consumption:  300  mW  typ 
Dynamic  Performance  Set  by  User 
High  Max  Tracking  Rate  1040  RPS  (10  Bits) 
High  Accuracy  Velocity  Output 
Industrial  Temperature  Range  Versions 
ESD  Class  2  Protection  (2,000  V  min) 

APPLICATIONS 

DC  and  AC  Motor  ContrgJ  ,  . 

Process  Control 

Numerical  Cohtroi  of  MaeMll-^^s 
Robotics 
Axis  Control 

Military  Servo  Control  ^ 

GENERAL  DESCRIPTION  '  ^ 

The  AD2S83  is  a  monolithic  10-,  12-,  14-  or  l6-t!i(  tracking 
resdlver»to-digital  converter  contained  m  a  44-pin  PLCC  ceramic 
package.;  It  is  manufactured  on  Analog  Devices'  BiMOS  II  pro- 
cess that  combines  the  advantages  of  CMOS  logic  and  bipolar  , 
high  accMiacy  linear  circuits  on  the  same  chip. 

The  converter  allows  users  to  select  their  own  resolution  and  dy- 
namic performance  with  external  components.  This  allows  the  users 
great  flejtibility  in  defining  the  converter  that  best  suits  their 
system  requirements.  The  converter  allows  users  to  select  the 
resolution  to  be  10,  12,  14  or  16  bits  and  to  track  resolvar  sig- 
nals rotating  at  up  to  1040  xevs  per  second  (62,400  rpm)  when 
set  to  lO-bit  resolution. 

The  AD2S83  converts  resolver  format  input  signals  into  a  paral- 
lel natural  binary  digital  word  using  a  ratiometric  tracking  con- 
version method.  This  ensures  high  noise  immunity  and  tolerance 
of  long  leads  allowing  the  converter  to  be  located  remote  from 
the  resolver. 

The  position  output  from  the  cpjiyerter  is.  giessmed  via  3-state 
output  pins  which  can  be  configured  for  operations  with  8-  or 
16-bit  busses.  BYTE  SELECT,  ENABLE  and  INHIBIT  pins 
ensure  easy  data  transfer  to  8-  and  16-bit  data  buses,  and  out- 
puts are  provided  to  allow  for  cycle  or  pitch  counting  in  external 
counters,  - 
An  analog  signal  proportional  to  velocity  is  also  available  and 
can  be  used  to  replace  a  tachogenerator. 

The  AD2S83  operates  over  reference  frequendes  in  the  range 
50  Hz  to  20,000  Hz. 


EUNCHONAL  BLOCK  DIAGRAM 


PRODUCT  HIGHLIGHTS 

High  Accuracy  Velocity  Output.  A  precision  analog  velocity 
signal  with  a  typical  linearity  of  ±0.25%  and  reversion  error  less 
than  ±0.5%  is  generated  by  the  AD2S83.  The  provision  of  this 
signal  removes  the  need  for  mechanical  tachogenerators  used  in 
sarvo  systems  to  provide  loop  stabilization  and  speed  control; 

Monolithic.  A  one-chip  solution  reduces  the  |)ackage  size  and 
increases  the  reliability. 

Resolution  Set  by  User.  Two  control  pins  are  used  to  select 
the  resolution  of  the  AD2S83  to  be  10,  12,  14  or  16  bits 
allowing  the  user  to  use  the  AD2S83  wift  the  ojii^tB 
resolution  for  each  application. 

Ratiometric  Tracking  Conversion.  This  technique  provides 
continuous  output  position  data  without  conversion  delay  and  is 
insensitive  to  absolute  signal  levels.  It  also  provides  good  noise 
immunity  and  tolerance  to  harmonic  distortion  on  the  reference 

and  input  signals. 

Dynamic  Performance  Set  by  the  User.  By  selecting  external 
resistor  and  capacitor  values  the  user  can  determine  bandwidth, 
maximum  tracking  rate  and  velocity  scaling  of  the  converter  to 
match  the  system  requirements.  The  external  components  re- 
quired are  all  low  cost,  preferred  value  resistors  and  capacitors, 
and  the  component  values  are  easy  to  select  using  the  free  com- 
ponent selection  software. 

Low  Vavmt'€amt)Xa$&oa,  Typically  only  300  ffiW. 
MODELS  AVAILABLE 

Information  on  the  models  available  is  given  in  the  section 
"Ordering  Ijifprnxation." 


This  informatiotijapplies  to  a  product  under  development.  Its  charaeteristics  anet  specif IcatlEms  am  subjest  to  change  without  notice. 
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AD2S83-SPECIFICATI0NS 


(typical  at  +25°C  unless  otherwise  specified) 


AD2S83J 

SIG^fAL  IKPUt^  (S1n;,C<>^i    .  _  . 
Frequoicy 
Voltage  Level 
Input  Bias  Current 
Input  Impedance 

50  20,000 
I.g             W  2.2 
60  150 

1.0 

Hz 

V  rms 

nA 

MO 

REFERENCE  INPUT  (KEF) 
Frequency 
Voltage  Level 
Input  Bias  Current 
Input  Impedance 

50                 ~  20,000 

1.0  8.0 

66'                150     '  - 
1.0  ^-..mn-. 

Hz 

Vpk 

nA 

Mn 

PERFORMANCE 
Repeatability 
Allowable  Phase  Siiift 
Tracking  Rate 

Bandwidth' 

(Signills  fd  Reference) 
10  Bits 
12  Bits 
14  Bits 

16  Bit<; 

,  ,  •   ,   '  -1 
-10'  +10 
1040 
"  260'-'' 

6f"  ■•■  "  ' 
16.25 

LSB 

Degrees 

rps 

rps 

rps 

rp.s 

ACCURACY 

Angular  Accuracy 
Monotonicity 

Missing  Codes  (16-Bit  ResotiMbn)  ' 

A 

Guaranteed  Monotonic 
A 

arc  jqin 
Codes 

Linearly 

Reversion  Error 

DC  Zero  Offset^ 

DC  Zero  Ofi^  Tenpco 

Gain  Scaling  Aonuacy 

Output  Voltage 

Dynamic  Ripple  . 

K  ' 

VCO  Rate  0-600  kHz        -,1  "1 
VCO  Rate  600  kHz-1100  kHz 

tmAI^C»0* 

i  % 

0.2S.  0.4 
^f'-».5  0.8 
0.25  0.5 

6  '  ■ 

-22               -  - 

%  FSD 

%FSD 

%FSD 

mV 

(i,V/°C 

%FSD 

V 

%  rms  O/P 

Analog  Inputs 
Analog  Outputs 

Overvoltage  Protection 
Short  Circuit  O/P  Protection 

±5.6     .        ±&  *lMl(t>bi: 

V 

mA. 

DIGITAL  POSITION 

Resoluticui      .           j  .^- 
Output 
Load 

10,  12,  14,  and  16 
Bidirectional  Natural  Binary 

3 

Bits 

LSTTL 

INHIBn" 
Sense 

Time  to  Stable  Data 

Logic  LO  to  INHIBIT 

600 

ns 

ENABLE' 
ENABLE'/Disable  Time 

Logic  LO  Enables  Position  Output 
Logic  HI  Outputs  in  High 
Impedance  State 

35  110 

ns 

BYTE  SELECT' 
Sense 
Logic  HI 
Logir  LO 

Time  to  Data  Available 

MS  Byte  DBl-DBg 
LS  Byte  DBl-DBg 

60  140 

ns 

SHORT  CYCLE  INPUTS 

SCI  SC2 
0  0 

0  1 

1  0 
1  1 

buemally  Pidksd  I£gfa     100  kO 

I#«l;tBL.+^_ 

•l(H!|it  IbMdtRica 
12-Bit  Resolution 
14-Bit  Resolution 
16-Bit  Resolution 

This  itifcNiprtan  ;9«p|jesyto  a  product  umler  etoMeljapment  its  ehameteri^cs  sand  spedflcatlams'are  sub^MiGSwMH^ilMIMaigfc  n@<iee. 
Analog  Da/lces  assume  riexibligatioii  regardljna  A4ure  rrmnu^ntuca  unless  atherwri^  agreed  to  ln>wrWl!i9'  'r'i^>3  c 
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1 

Parameter 

iii. 

Conditioitt 

Min 

AD2S83 
Typ 

Max 

Units 

COMPLEMENT 

Internally  Pulled  High  via  100  kf! 

to  +Vs.  Logic  LO  ti'  .^ciivLirf: 

No  Connect  un-  Win 


DATA  LOAD 
S«Bse 


Internally  Pulled  High  via  100  kO 
to  +Vs.  Logic  LO  Allows 
Data  to  be  Loaded  into  the  Cotmters 
from  the  Data  Lines 


ISO 


BUSY' 
Sense 
Width 
Load 


CI 


Width 

Reset 

Load 


Logic  HI  When  Position  Of?  Changing 
Use  Additional  PuU-Up  (See  Figure  2) 


200 


600 

1 


DIGITAL  INPUTS 
Input  mp-^t^lc^ 

Input  Low  Voltage,  Vj^ 


DIGn^UKPUXS 


Input  Low  Ciment,  In,  *' 

■■■'■Hit.  •  ^l| 


INHIBIT,  ENABLE 

DB1-DB16 

±V,  =  =13.2  V,  V,  =  5.5  V 


INHIBIT,  ENABLE 
DB1-DB16,  Byte  Select 
±Vs  =  ±13.2  V,Vl  =  5.5  V 


±100 


±100 


DIGITAL  INPUTS 
Low  Voltage,  Vil 


Low  Ourent,  In. 


ENABLE  =  HI 


1.0 


SCI,  SC2,  DATA  LOAD 
±Vs  =  ±12.0  V,Vi.  =  5.0  V 

ENABLE  =  HI  

SCI,  SC2,  DATA  LOAD 
±Vs  =  ±12.0  V,Vi.  =  5.0  V 


DIGITAL  OUTPUTS 
High  Voltage,  Voh 


Low  Voltage,  Vql 


DBI-DBI6 
rippCe  CLK,  DIR 

±Vs  =  ±  12.0  V,Vi.  =  4.5  V 

loH  =  100  nA 

DB1-DB16 

RIPPLE  CLK,  DIR 

±Vs  =  ±12.0  V,Vi.  =  5.5  V 

Iql  =  1.2  mA 


2.4 


0.4 


NOTES 

'Refers  [o  small  signal  bandwidth. 
^Output  offset  dependent  on  value  for  R6. 
^Refer  to  timing  diagram. 

AU  min  and  max  specifications  aie  guaranteed.  Specifications  in  boldface  are  tested  on  all  production  imits  at  final  electrical  test. 
Specifications  subject  to  change  without  notice. 
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±Vs  =  ±  12.0  V,  Vl 
Voi.  =  OV 
±Vs  =  ±12.0V,Vi. 
Vot  =  5.0V 


:    5.5  V 

^  5.5  V 


t50 
tX 


RATIO  MULTDPIJER 
AC  Error  O^^'Mtalt 


10  Bit 
12  Bit 
MBit 
16  Kt 


177.6 
44i4 
11.1 
2.775 


PHASE  SENSITIVE  DETECTOR 
Output  Offset  Voltage  'fj 
Gain 

In  Phase 

In  Quadrature 
Input  Bias  Current 
Input  Impedance 
Input  Voltage 


w.r.t.  REF 
w.r.t.  REF 


-0.882 


-0.9 


60 
I 


12 

-0.918 

±0.02 

ISO 

±8 


%*  60 


INTEGRATOR 
Open-Loop  Gain 
Dead  Zone  Current  (Hysteresis) 
Input  Offset  Voltage 
Input  Bias  Current 
Output  Voltage  Range 


At  10  kHz 


57 


VCO  J 

Mavimnm  lygg 

VCO  Rate 

VCO  Power  Suiq>Iy  Sensitinty 

Increase 

Input  Offset  Voltage 
Input  Bias  Current 
Input  Bias  Current  Tempco 
Input  Voltage  Range 
Linearity  of  Absohne  ttam 

Full  Range 

Over  0%  to  50%  of 
Reversion  Error 


fa 


5 

ISO 


1.1 

MHz 

8.3 

8.5 

8.3 

8.5 

kHz/iiA 

-0.5 

%/V 

+0.5 

%/V 

0.6 

mV 

12 

55 

nA 

-1.22 

nA«; 

±8 

V 

0.5 

0.8 

%  FSD 

0.25 

0.4 

%FSD 

0.25 

0.5 

%FSD 

POWER  SUPPLIES 
Voltage  Levels 

+Vs 

-Vs 

+Vl 
Current 

±Is 

±Is 

±Ii. 


+10.8 
-10.8 
+5 


±Vs  @  ±12  V 
±Vs@±  13.2  V 
+V,  @  ±5.0  V 


±12 
tO.5 


+13.2 
-13.2 
+Vs 

±23 
±30 
±1.5 


All  min  and  max  qiedficatioiis  are  guannteed.  Specifications  in'boUfaee  and  tested  on  all  production  units  at  final  elecciical  test. 
Spmfiralinns  sofaiect  to  change  withoot  notice. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  eBifl||8RSfthoiit  nattee. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing.  '■'J* 


3-90  S/D  CONVERTERS 


REV.  0 


AD2S8a 


ABSOLUTE  MAXIMUM  RATINGS'  (with  respect  to  GND) 

+Vs^  +14  Vdc 

-Vs  -14  Vdc 

+Vl^  +Vs 

Reference   .  •.  +14  V  to  -Vs 

SIN  +14  Vto  -Vs 

COS  +14Vto-Vs 

Any  Logic  Input   -0.4  V  do  to  +Vl  dc 

Demodulator  Input  +14  V  to  -Vg 

Integrator  Input   ; -.  .  +14Vto  -Vj 

VCO  Input    M4  V  to  -Vj 

Power  Dissipation   860  mW 

Operating  Temperature 

Industrial  (AP)  -40°C  to  +85°C 

Storage  Temperature  — 65''C  to  +  150°C 

Lead  Temperature  (Soldering,  10  sec)   +  300°C 

CAUTION: 

1.  Absolute  Maximum  Ratings  are  those  values  beyond  which  damage  to  the 
device  may  occur. 

2.  Correct  polarity  voltages  must  be  maintained  on  the  +Vs  and  -V^  pins. 


ESD  SENSITIVITY. 


RECOMMENDED  OPERATING  CONDITIONS 

Power  Supply  Voltage  (+Vs,  -Vj)  ±12  V  dc  ±  10% 

Power  Supply  Voltage  V^  +5  V  dc  ±  10% 

Analog  Input  Voltage  (SIN  and  COS)   2  V  nns  ±  10% 

Analog  Input  Voltage  (REF)  1  V  to  8  V  peak 

Signal  and  Reference  Harmonic  Distortion  10%  (max) 

Phase  Shift  Between  Signal  and  Reference  .  ±10  Degrees  (max) 

Ambient  Operatiag.Tempejanwe  Range  .. 

Industrial  (AP)  -4©°C  to  +85°C 


The  AD2S83  features  an  input  protection  circuit_^coni 
polysilicon  series  resistors  to  dissipate  both 
low  energy  pulses  (Charges  Device  Modi 
The  AD2S83  is  ESD  protection 
recommended  to  avoid  functional  cflUie^  pofi 
ESD  precautions,  refer  to  Analog  D^kices  £^ 


ORDERING  GUIDE 


Temperature 

Package 

Model 

Range 

Accuracy 

Option* 

AD2S83AP 

-40°C  to  +85°C 

8  arc  min 

P-44A 

*F  =  Plastic  Leaded  Chip  Carrier.  For 
Infonuation  stic^ili. 


outline  infomntion  see  Package 


This  infprmstjort  applies  to «  product  under  devstopfnent  Its  GhaFaGt9ri^'esj[n<d.^s»Gi0Gati9n9.SH'»subi9sg^^  rus^ee. 
Analog  Devices  assumes  no  obligation  regwdifsafutgre  manufacSure  unlBSs  othfBwisp  ai^^  jto, 
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PIN  CONFIGURATION 
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PIN  DESIGNATIONS 


BIT2 
BITS 
BIT  4 


E 
E 
E 
E 
Di 
E 
E 
E 
E 
E 
E 


A02S83 

TOP  VIEW 

(MttisScaW), 


m]  -V, 

^  CLOCK 
»n  DIRECTION 

mI  busy 

^  COMP 

I   LOAD 

33]  SC1 

32]  SC2 
3o|  IHIWIT 

a]  NC 


I  D40rTAL 
I  GND 


tilHHIdHHIdMWbll!!! 

s  1  g  g  g  g  s  g  •;*.||,^|.^ 


NC  o  NO  CONNECT 


Pin 
Nos. 

Mnemonic 

1 

REFERENCE  I/P 

2 

DEMOD  I/P 

3 

AC  ERROR  0/P 

4 

COS 

5 

ANALOG  GND 

6 

SIGNAL  GND 

7 

SIN 

8 

+Vs 

10-25 

BIT  i-Brr  16 

26 

+Vl 

27 

ENABLE 

28  BYmSBl 


32,  33 

34 
35 


37 
38 

39 

40 
41 
42 
43 
44 


GND 


SC1-SC2 
DATA 


COMPl 
BUSY 

DIRECTION 
RIPPLE  CLOCK 

vco  m 

VCO  O/P 

INTEGRATOR  O/P 
INTEGRATOR  I/P 
DEMOD  I/P 


Description 


Reference  Signal  Input 

Demodulator  Input 

Ratio  Multiplier  Output 

Cosine  li^at        ,  ^,  • 

Pow^.%gliw^.  J. 

Resoiver  Signal  Ground  •  >' 

Sine  Input 

Positive  Power  Supply 

Parallel  Output  Data 

Logic  Power  Supply 

Logic  Hl-Output  Data  in 

High  Impedance  State 

Logic  LO -Presents  Data  to  the 

Output  Latches 

Logic  HI-Mc»t  Sigmifeint  Byte  to 
DB1-DB8 

Logic  LO-Least  Significant  Bjrte 
to  DB1-DB8 

Logic  LO  InhiUts  Data  Tnm^er 
to  Ou^t  l^tA#  JV: 
Digital  ^oooif  ^"^ 

Select  Converter  Resolution 
Logic  LO  DB1-DB16  Inputs 
Logic  HI  DB1-D16  Outputs 
Converter  Busy,  Data  not  Valid 
While  Busy  HI 

Logic  State  Defines  Direction  of 

Input  Signal  Rotation 

Positive  Pulse  when  Converter.  Output 

Changes  from  Isto  All  Os  or  Vice  Versa 

Negative  Power  Supply 

'VCO  Input 

VCO  Output 

Integrator  Output 

Integrator  Input 

Demodulator  Output 


THis  inlbiination  i^iplira  m  a  produet  iinder  ddwelepment  Ks' characteristics  «nd  ispecificatlons  are  subject  ta#Mg^^lHifa#mttiee. 
Analog  Devices  assumsaiid'olrilgatrcm  regareling  future  rnanufiaetui«  unless  otherwise  agreed  to  in  writing.  -  'n-im  ^r.'>r7 
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Low  Cost  Complete  12-Bit 
Resolvpr-to-Digital  Converter 


AD2S90 


FEATURES 

Complete  Monolithic  Resolver-to-DIgH^  Convertar 
Incremental  Encoder  Emulation  (1024-Lrne) 
Absolute  Serial  Data  (12-Blt) 
Differential  Inputs 
12-Bit  Resolution 
Analog  Velocity  Output 
Industrial  Temperature  Range 
20-Pin  PLCC  •^'■■j'>'>f- 
Low  Power 

APPUCATIONS 
Industrial  Motor  ConlRpI 
Servo  Motor  Control 
Industrial  Gauging 
Encoder  Emulation 
.  Automotive  MotlonJSMiiiiM  ond  Control 
Factory  Automation 
Limit  Switching 

GENERAL  DESCRIPTION 
Tlie  AD2S90  is  a  complete  12-bit 
digital  converter.  No  sternal  cam] 
ate  the  device,  x.  V  •  1;  • 

The  converter  accepts  2  V  rms  ±  10%  input  si^us  ^Hne  range 
2-10  kHz  on  the  SIN,  COS  and  REF  inputs.  A        II  servo 
loop  is  employed  to  track  the  inputs  and  convert  the  input  SIN  V 
and  COS  information  into  a  digital  representation  of  the  input 
angfe.  The  bmidwiddi  of  die  converter  is  set  internally  at  1  kHz. 
Tlie  manmum  tracking  ir^  a  750  rps  at  12-bit  resolution. 

Angular  position  output  information  is  available  in  two  forms, 
absolute  serial  binary  and  incremental  A  quad  B. 

The  absolute  serial  binary  output  is  12-bit  (1  in  4096).  The  data 
output  pin  is  high  impedance  when  Chip  Select  CS  is  logic  HI. 
This  allows  the  connection  of  multiple  converters  onto  a  com- 
mon bus.  Absolute  angular  information  in  serial  pure  binary 
form  is  accessed  by  CS  followed  by  the  application  of  an  exter- 
nal clock  (SCLK)  with  a  maximum  rate  of  2  MHz 

The  encoder  emulation  outputs  A,  B  and  NM  continuously  pro- 
duce signals  equivalent  to  a  1024  Une  encoder.  When  decoded 
this  corresponds  to  12-biis  resolution.  Three  common  north 
marker  pulse  widths  are  selected  via  a  single  pin  (NMC). 

An  analog  velocity  output  signal  provides  an  accurate  represen- 
tation of  input  angular  velocity  of  the  input  signals,  in  either  a 
clockwise  or  covmterclockwise  direction.  The  velocity  full  scale 
is  ±2.5  V  dc  equivalent  to  ±300  rpsA'  dc. 


FUNCTIONAL  BLOCK  DIAGRAM 


[  a  ±5  V  dc  ±5%  power  suppUes  and  is 
i  Devices'  Linear  Compatible  CMOS  process 
?MOS  is  a  mixed  technology  process  that  com- 
sion  bipolar  circuits  with  low  power  CMOS  logic 

PRODUCT  HIGHLIGHTS 

Complete  Resolver-Digital  Interface.  The  AD2S90  provides 
the  complete  solution  for  digitizing  resolver  signals  (12-bit  reso- 
'  lution)  without  the  need  for  external  components. 

Dual  Fonnat  Position  Data.  Incremental  encoder  emulation  in 
standard  A  QUAD  B  format  with  selectable  North  Marker 
width.  Absolute  serial  12-bit  angular  binary  position  data 
accessed  via  simple  3-wire  interface. 

Smgle  High  Accuracy  Grade  in  Low  Cost  Package.  ±8  arc 

minutes  of  angular  accuracy  available  in  a  20-pin  PLCC. 

Low  Power.  50  mW  power  consmnption. 

Analog  Velocity  Output.  Analog  output  which  represents  the 
input  velocity  of  a  resolver  shaft. 


This  ltTfqtp^c^|p[(|^.tOi9rj)i;Qdu0.  urK|(m  day@)!>PP  Its  Gheractarjstrcs  andt^pecificafiQns  am  subject  to  changenMhaiii^ce. 
Analog  Deviee6  «4nwnes  Q$)i()|itigatioan^  i-'oir^'i  t-'^-  ■ 
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AD2S90 -SPECIFICATIONS 


+85t  unless  othemise  stated) 


;  =  -S  V  ±  5%,  AGND  =  DGND  =  0  V,  T,  =  -WZ  to 


Parameter 

Min 

Typ 

Max 

Unite 

Test  Condition 

SIGNAL  JNPtpCS 
voltage  Amplitude 

Frequency 

Input  Bias  Current 

Input  Impedance 

Common-Mode  Volts' 

CMRR 

2 

^1.0 
60 

2,0 

2.2 

10 
100 

100 

V  rms 

kHz 

nA 
Mfl 

mV  peak 

iffi  ■  V 

Diiierential  SIN  to  SIN  LQ,   

COS  to  COS  LO 

ViN  =  2  ±  10%  V  rms 
VjN  =  2  ±  10%  V  rms 
CMV  @  SINLO,  COSLO  w.r.t. 
AGND  @  10  kHz 

REFERENCE  INPUT 
Voltage  Amplitude 
Frequency 
Input  Bias  Current 
Input  Impedance 
Permissible  Phase  Shift 

1.8 

2 

100 
-10 

2.0 

2.2 
10 
100 

+  10 

V  rms 

kHz 

nA 

kn 

Rdarim  16  ilN,  COS  Inputs 

CONVERTER  DYNAMICS 
Bandwidth 

Maximum  Tracking  Rate 
VCO  Rate  (CLKOUT) 
Settling  Time  f 

rStep 

179°  Step 

750 

1.0 
5 

20 

2.0 

kHz 
rps 

MHz  g 

ms 
ms 

.  icS  xr.ct          ...  ■ 
1-  jyaui ;  '  ■ 

ACCURACY 
Angular  Accuracy 
Repeatability' 

±8+1  LSB^ 

1  m 

k 

Scaling 

Max  Output  Voltage  ^p* 
Reversion  Error 

Linearity  % 
Offset 

Load  Drive  Capability 

285 

300 

±2.500 

315  - 

±2.625 

±0.5 

1.0 

±10 

rpsW  dc 
V  dc 
%  FS 
%FS 
mV  dc 
t>A 

'••1 j^* 

I'-il  -  j' 

VouT  =  ±2.5  V  dc 

LOGIC  INPUTS  SCLK,  CS 

Input  High  Voltage  (Vdjh) 
Input  Low  Voltage  (Vu^J 
Input  Current  (Im) 
Input  Capacitance 

3.5 

1.5 
10 
10 

Vdc 
Vdc 
|jA 
pF 

Vdi>=  +5,Vdc,Vss  =  -5Vdc 
Vdd  =  +5  V.dc,  Vss  =  -i.  V  de 

LOGIC  OUTPUTS  DATA,  A,  B, 
NM,  CLKOUT,  DIR 
Output  High  Voltage 
Output  Low  Voltage 

4.0 

1.0 

Vdc 
Vdc 

Vdd=  +5Vdc,Vss  =  -5Vdc 
loH  =  1 
loL  =  1  mA 

SERIAL  CLOCK  (SCLK) 
SCLK  Input  Rate 
Rise/Fall  Time 

2 
10 

MHz 

ns 

1:1  Mark  Space  Ratio 

NORTH  MARK^  CONTROL  (KMC) 

90° 

180° 

360° 

+4.75 
-0.75 
-4.75 

+5.0 
0.0 

-5.0 

+5.25 
+0.75 
-5.25 

Vdc 
Vdc 
Vdc 

North  Marker  Width  Relative  to 
to  "A"  Cycle 

POWER  SUPPLIES 

Vss 
Idd 

+4.75 
-4.75 

+5.00 
-5.00 

+5.25 
-5.25 
8.0 
8.0 

Vdc 
Vdc 
mA 
mA 

NOTES 

'If  the  tolerance  on  signal  inputs  —  ±5%,  then  CMV  = 
^1  LSB  =  5.3  arc  minute. 
^Spedfied  at  constant  temperature. 
Spfrifiintiniw  subject  to  dunge  nidunit  tntitt. 


200  mV. 


This  Inforrnatlenrappties  to  a  pnoduet  utideii^^elopmsnt  its  cNsractdristics  amel  s^eoifieatibns'am  subjal^to'MltiswV^MtM'hiitice. 
Analog  Devices  assunm  no  obKgation  regarding  lidure  marnifactute  Mess 
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AD2S90 


RECOMMENDED  OPERATING  CONDITIONS 

Power  Supply  Voltage  (Vdd-Vss)  ±5  V  dc  ±  5% 

Analog  Input  Voltage  (SIN,  COS  &  REF)    .  .  .  2  V  rms  ±  10% 

Signal  and  Reference  Harmonic  Distortion  10% 

Phase  Shift  between  Signal  and  Reference  ±10° 

Ambient  Operating  Tempeiatuie  Range 

Industrial  (AP)   -40°C  to  +S5°C 

ABSOLUTE  MAXIMUM  RATINGS* 

Vdd  to  AGND   -0.3  V  dc  to  +7.0  V  dc 

Vss  to  AGND  +0.3  V  dc  to  -7.0  V  dc 

AGND  to  DGND   ,  -0.3  V  dc  to  Vdd  +  0.3  V  dc 

Analog  Inputs  to  AGND 

REF  Vss  -  0.3  V  dc  to  Vdd  +  0-3  V  dc 

SIN,  SIN  LO  Vss  -  0.3  V  dc  »  Vdd  +  0.3  V  dc 

COS,  COS  LO   Vs»~03VdctoVDD  +  0.3Vdc 

Analog  Output  to  AGND 

VEL  Vss  to  Vdd 

Digital  Inputs  to  DGND,  CSB, 

SCLK,  RES   -0.3  V  dc  to  Vdd  +  0.3  V  dc 

Digital  Outputs  to  DGSD,  NM,  A,B, 

DIR,  CLKOUT  DATA  -0.3  V  dc  to  Vdd  +  0.3 

Operatiiig  Tanperatuie  Range  iV 

Industrial  (AP)  '^^'^^^V 

Lead  Temperature  (Soldering  10  sees)  ....  -^^-^^  ■  ^^0^ 

Power  Dissipation  to  +75°C  _0m^*  ^^tm 

Detans above +75°C by   J^^O^^^-^jSXf' 

*Stresses  above  those  listed  in  "Absolute  WaMi^^MOngl^^toj^use^^- 
manent  damage  to  the  device.  This  is  a  stress  rati^j^^^^pd^^^nal 
operation  of  the  device  at  these  or  any  other  conditions  ftbove  those  indicate^^ 
in  the  operational  section  is  not  imphed.  Exposure  to  absohlte  maiil^ml 
rating  conditioiis  for  extended  periods  may  affect  device  reliability.  ^k. 

ORDERING  GUIDE 


PIN  DESCRIPTIONS 


Temperature 

Package 

Model 

Range 

Accuracy 

Option* 

AD2S90AP 

-40°C  to  +85"'C 

8  arc  min 

P-20A 

*P  =  Plastic  Leaded  Cmkr.  For  ouiliiK  infeni 

3      o  3 

i  s  i  3  S 

(O  to     <     O  O 


pataIT 

8CLk[T 
A[7 


AD2S90 

TOP  VIEW 


lajREf 

it]  VEL 

is]  CLKOirr 
15]nmc 

iJjNC 


IjlJIioJIiiJIhIIhJ 

NC.NOCONMeCT 


Pin 

No. 

Mnemonic 

Function 

1 

AGND 

Analog  groimd,  reference  groimd. 

2 

SIN 

SIN  channel  noninverting  input  connect 
to  lesolver  SIN  HI  ompat.  SIN  to  SIN 
LO  =  2  V  rms  *  18%. 

3 

SINLO 

SIN  channel  invertiag  iiqnit  connect  to 
lesolver  SIN  LO. 

4 

DATA 

Serial  interface  data  output.  Higjh 
impedance  with  CS  =  HI.  Enabled 
by  CS  =  0. 

5 

SCLK 

Serial  interface  clock.  Data  is  clocked 
out  on  "first"  negative  edge  of  SCLK 
after  a  LO  transition  on  CS.  12  SCLK 

pulses  to  clock  data  out. 

6 

CS 

Chip  select.  Active  LO.  Logic  LO  transi- 
tion enables  DATA  output. 

A 

Encoder  A  output.  A  leads  B  for  increasing 
angtilar  rotation. 

Encoder  B  output. 

Encoder  North  Marker  emtilation  output. 

Pulse  triggered  as  code  passes  throu^  zero. 
Three  common  pulse  widths  available. 

10 

DIR 

Indicates  direction  of  rotation  of  input. 
Logic  HI  =  increasing  angular  rotation. 
Logic  LO  =  decreasing  angular  rotation. 

DGND 

Digital  power  groimd  letWn. 

12 

Vss 

Negative  power  supply,  — 5  V  dc  ±  5%. 

13 

Vdd 

Positive  power  supply,  +5  V  dc  ±  5%. 

14 

NC 

Not  connected. 

15 

KMC 

North  marker  width  control.  Internally 
pulled  HI  via  50  kCt  nominal. 

16 

CLKOUT 

Internal  VCO  clock  output.  Indicates 
angular  velocity  of  input  signals.  Max 
rate  =  2  MHz.  CLKOUT  is  a  200  ns 
positive  pulse. 

17 

VEL 

Bipolar  analog  velocity  output.  Indicates 
anguJar  velocity  of  input  signals. 
Positive  voltage  w.r.t.  AGND  indicates 
increasing  angle.  FSD  =  750  rps. 

18 

REF 

Converter  reference  input.  Normally 
derived  from  resolver  primary 
excitation.  REF  =  2  V  rms  ±  10%. 
Phase  shift  w.r.t.  COS  and  SIN  = 

±10°  max. 

19 

COSLO 

COS  channel  inverting  input.  Connect 
to  resolver  COS  LO. 

20 

COS 

COS  channel  noninverting  input. 
Connect  to  resolver  COS  HI  output. 
COS  =  2  V  rms  ±  10%. 

This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  chat^MiHh^  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  othenwise  agreed  to  in  writing. 
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ANALOG 
DEVICES 


Low  Cost 
LVDT-to-Digital  Converter 


FEATURES 

Full  Function  Monolithic  LVDT-to-Digital  Converter 
Absolute  Serial  Data  Output 
Uncommitted  Differential  Input 
14-Bits  Repeatability 
Loss  of  Signal  Detection 
14-Bit  Resolution 
Analog  Velocity  Output 
Industrial  Tempamiiitt  fanoa 
28-l>in  PLCC 
Low  Power 


APPLICATIONS 
Industrial  Gauging 
Industrial  Process  Control 
Linear  Positioning  Systems 
Linear  Actuator  Control 
Automotive  IMotion  Sensing  and  Control 
Factory  Automation 

GENERAL  DESCRIPTION 

The  AD2S93  is  a  complete  14-bit  resoli 
digital  converter. 

A  Type  II  servo  loop  is  employed  toTrack  the  A-B  inpot  aqd 
produce  a  digital  output  equal  to  (A-1B)/RESj  where  REF  Is  a 
fixed  amplitude  ac  reference  phase  coherent  wifli  th¥  A-B  in] 
This  allows  the  measurement  of  any  2-,  3-,  4-  and  5-wire 
LVDTs  or  alternative  ampUtude  modulated  input.  The  band- 
width of  the  converter  is  set  by  the  user  externally  between  a 
range  of  500  Hz-1000  Hz. 

The  AD2S93  has  a  16-bit  serial  output.  The  MSB  (LOS),  read 
first,  indicates  loss  of  the  A,  B  or  reference  inputs  to  the  con- 
verter or  transducer.  The  second  and  third  MSBs  are  flags  indi- 
cating whether  -(A-B)  s  -REF  (UNR)  or  A-B  s  4- REF 
(OVR).  The  displacement  data  is  presented  as  13-bit  offset 
binary  giving  a  ±12  bits  operating  range.  LOS,  OVR  and  UNF. 
are  pinned  out  on  the  device.  In  addition,  NULL  is  available; 
this  flags  when  A  -  B  =  0. 

Absolute  displacement  information  is  accessed  when  CS  is  taken 
LO  followed  by  the  apphcation  of  an  external  clock  (SCLK) 
with  a  maximum  rate  of  2  MHz.  Data  is  read  MSB  first.  When 
CS  is  high,  the  DATA  output  is  high  impedance;  this  allows 
daisy  chaining  of  more  than  one  converter  onto  a  common  bus. 

The  A,  B  diiSaential  input  allows  the  user  to  scale  the  A,  B 
input  between  1  and  ID.  This  enables  the  vaa  ta  accuratdy  set 
up  the  inputs  matching  the  REF  input  to  die  DDI'  output.  The 
DIFF  output  is  the  lesultant  A-^. 
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An  analog  velocity  output  is  provided  wliich  accurately  indicates 
the  input  velocity  of  the  input  signals.  The  fvill-scale  output  is 
±2iS  V  dc  equivalent  to  a  maximum  130  Hz  fiill  stroke  constant 

ity;  displacement . 

le  AD2S93  operates  on  a  ±5  V  ±5%  power  supplies  and  is 
fabricated  on  Analog  Devices'  linear  compatible  CMOS  process 
(LC^CMOS).  (LC^CMOS)  is  a  mixed  technology  process  that 
combines  precision  bipolar  circuits  with  low  power  logic. 

PRODUCT  HIGHLIGHTS      T"'  '  1 

Complete  LVDT-to-Digital  Interface.  The  AD2S93  provides 

the  complete  solution  for  digitizing  LVDT  signals  to  14-bit 

resolution. 

Serial  16-Bit  Output  Data.  One  16-bit  read  from  the  AD2S93 
determines  input  signal  continuity  (LOS),  over  and  imderrange 
detection  and  13  bits  of  offset  binary  displacement  information. 

High  Accuracy  Grade  in  Low  Cost  Padsqe.  0.05%  and  0.1% 
integral  linearity  over  the  foil  -40°C  to  8S*C  operating  tempaar 
ture  range. 

Uncammitted  Differential  Input.  Allows  configaratittl  of  2-s  3-9 
4-  and  5-wire  LVDTs. 

Multiple  Converter  Interfacing.   High  impedance  data  output 
and  a  simple  three-wire  interface,  reduces  cabling  and  eliminates 
bus  contention. 

Low  Power.  SO  mW  power  consumption. 


This  information  applies  tO: ft  produetdiflder-deiMtjopment  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes. noiobligaAsniieiQ^ttbig  MifB  manufectura  unless  otherwise  agreed  to  in  writing. 
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+85°C  unless  otherwise  stated) 


Parameter 


Test  Conditions 


SIGNAL  INPUTS 
Frequency 
Voltage  Level 
Input  Bias  Cprrent 
Input  Impeouice 
CMRR 


REFERENCE  INPUT 
Frequency 
Voltage  Level 
Input  Bias  Current 
Input  Impedance 
Permissible  Phase  Shift 


CONVERTER  DYNAMICS 
Bandwidth 

Response  Time  0  ±FSR 


ACCURACY 
Integral  Linearity 


Repeatability 

VELOCITY  (WWfflp. 
Scaling 

Max  Output  Volage 
Reversion  Error 
Linearity 
Offset 

Load  Drive  Capability 


LOGIC  INPUTS  SCLK,  CS 
Input  High  Voltage, 
Input  Low  Voltage,  Vj^ 
Input  Current  Ij,, 
Input  Capacitance 


LOGIC  OUTPUTS  OVR,  UNR,  LOS,  NULL,  DATA,  A,  B,  CLKOUT 
Output  High  Voltage 
Output  Low  Voltage 


SERIAL  CLOCK  (SCLK) 
SCK  Input  Rate 


Specifications  subject  to  change  without  notice. 
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RECOMMENDED  OPERATING  CONDITIONS 

Power  Supply  Voltage  (Vdd  -Vss)  ±5  V  dc  ±5% 

Analog  Input  Voltage  (A,  B  and  REF)   2  V  nns  ±  10% 

Signal  and  Reference  Harmonic  Distortion  10% 

^ha%  Shift  between         and  ^|j|^i£e  ±10° 

Amt^t  Operating  Tempe^m?%^ 

Industrial  (AP,  BP)  -40»C  to  +85°C 

ABSOLUTE  MAXIMUM  RATINGS* 

VoD  to  AGND   -0.3  V  to  +7.0  V  dc 

Vss  to  AGND   +0.3  V  to  -7.0V  dc 

AGND  to  DGND  -0.3  V  to  Vdd  +0.3  V  dc 

Analog  Inputs  to  AGND  REF  .  .  .  Vjs  -0.3  V  to  Vdd  +0-3  V 

A,  B   Vgs  -«.3  V  to  Vdd  +0.3  V 

Analog  Output  to  AGND  VEL  Vgg  to  Vdd 

Digtal  Inputs  to  |9^|^. .  .  > 

CS,  SCLK  „i„  ...  .  -0,3  V  to  Vdd  +0.3  V 

Digital  Outputs  to  DGND  , 
NULL,  A,  B,  DIR,  -  - 

CLKOUT,  DATA   -0.3  V  to  Vnb  +0.3  V 

Operating  Temperature  Range 

Industrial  (A,  B)  -40°C  to  +85°c1 

Lead  Temperature  (Soldering  10  sec)  +300°<^ 

Power  Dissipation  to  +75°C    300  m'Vn 

Derates  above  +75°C  by   '  .  .  10  mW/°C 

•Stresses  above  those  listed  in  "Absolute  Ratings"  may  cause  permanent  dail!- 
age  to  tile  device.  This  is  a  stress  rating  onJy  aQ^.^^tiop^  opera^an  of^e 
device  at  these  or  any  other  conditions  abi^e  Jpo^fjiifi^ted  tDJiM^pSttOi 
section  is  not  implied.  Exposure  to  absol 
nrrndfri  periods  may  afiect  device  icUal 


Pin 


Description 


A,B 
REF 

DIFFOUT 
GAIN  . 


DATA 

SCLK 
CS 

CLKOUT 
DIR 


tmmiammxTuxN 


[I 

[I 

[I 

01 


Uncommitted  differential  inputs  for  the  A-B  sig- 
nal inputs. 

Single  ended  input  for  fixed  amplitude  reference. 
Output  of  signal  input  preamplifier. 
Connect  GAIN  pin  to  DIFF  OUT  for  nooiinal 
X  1.  Gains  greater  than  1  can  be  resistivdy 
scaled.  Do  not  leave  unconnected. 
16-bit  serial  data  output.  Thirteen  bits  of  abso- 
lute position  w&mtaSlm0'miiret'  md  mSec- 
range  +  LOS.      '  ' 
Serial  Clock.  Maximum  rate  =  2  MHz. 
Chip  Select.  Loads  serial  interface  with  ciurent 
positional  information.  Enables  output. 
Cloc]^  a  pulse  every  corresponding  LSB  incre- 
Mark  space  ratio  indicates  input  velocity, 
direction.  DIR  HI  for  positive  displace- 
,in^t  and  LO  for  negative  displacement, 
ites  mdl  lipsiticm, 

or  B  lines  loss  irf'  coniiectiQit  and  loss 
Sence  to  transducer  or  converter. 
Two  pins  that  denote  whether  the  input  signals 
are  undertange,  -ve  posn,  +ve  posn  or 
overrange. 
*       "tjlnalog  Velocity  Output. 

W    Determines  system  dynamics.  Connect  C  and  RC 
(serial)  parallel  combination  across  EXTRC  and 
VEL  to  define  loop  dynamics. 
AGND  Analog  Ground. 

DGND  Digital  Ground. 

/iM&^'IX''-"    AC  couple  output  of  AC  bridge  with  a  capacitor 

placed  between  AEO  and  DI. 
Vgs  Negative  power  supidy  -5.0  V  dc  ±5%. 

VpD  Positive  power  supply  +5.0  V  de  *S%» 


VEL  - 


A02S93 

TOP  VIEW 
<NM  to  Seals) 


|l2j|l3j|l4jll5j|l6j[l7jliej 


This  information  applies  to  a  product  unSttpJ^Rwslopment.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assunnes  no  obligation  Nigaidt%>toure  manufacture  unless  otherwise  agreed  to  in  writing. 


REV.  0 


S/D  CONVERTERS  3-99 


AD2S93 


Principle  of  Operation 

The  AD2S93  is  based  on  a  Type  2  tracking  loop.  Three  externEl 
passive  components  are  required  to  set  the  dynamics  of  the  loop. 
The  input  format  is  one  fixed  signal  ac  reference  and  an  amph- 
tude  modulated  reference^  this  is  decoded  into  a  ±  12-bit  serial 
offset  binary  output.  The  output  word  is  complemented  with 
the  inclusion  of  input  state  detection  and  an  additional  loss  of 
transducer  or  converter  reference  and  loss  of  signal  detection. 
The  total  word  length  is  16  bits  (see  Figure  1)  with  the  MSB 
denoting  the  loss  of  an  input  and  the  second  and  third  MSBs 
determining  whether  the  transducer  signal  is  either  over-  or 
underrange.  (Ova-  and  underrange  refers  to  when  tbe  teSHtlL 
input  to  the  converter  exceeds  the  reference.) 

Data  Output  Format 

The  operating  range  of  the  converter  is  14  bits.  This  gives  a 
bipolar  resolution  of  12  bits  in  both  positive  and  negative  direc- 
tions, i.e.,  -H4096  (positive)  and  -4096  (negative).  The  thir- 
teenth bit  is  used  to  denote  the  sign  of  the  data.  An  additional 
bit  indicates  the  span  limit  or  overrange  of  the  transducer  input. 
Overrange  signifies  that  the  A,  B  input  is  larger  than  the  REF 
input.  The  addition  of  overrange  increases  the  converter's  reso- 
lution to  14  bits  (12  bits  underrange  +  12  bits  negative  position 
-I-  12  bits  positive  position  +  12  bits  overrange).  The  under- 
range and  overrange  states  are  decoded  prior  to  a  read.  ^ 


Interfacing  to  the  AD2S93 

Accessing  the  serial  interface  is  by  a  three-wire  interface  DATA, 
SCLK  and  CS.  The  data  is  loaded  into  the  serial  interface  from 
the  internal  counters  when  CS  goes  LO.  SCLK  can  then  be 
appUed  (a  minimiun  of  600  ns  after  CS  =  LO)  and  the  data 
retrieved  from  the  DATA  ciUtpttt       M^J^.  Thg  nnHriimwi;' 
clock  rate  is  2  MHz. 

Built-in  Diagnostics 

The  first  three  bits  read  from  the  serial  interface  preceding  the 
data  can  be  used  to  determine  whether  the  data  is  vaUd  or  not. 
The  2nd  and  3rd  MSB  tell  the  user  whether  the  inputs  to  the 
converter  are  within  the  linear  operating  range  of  the  converter, 
either  overrange  (positive)  or  imderraAge  (negative).  The  MSB  is 
a  continuity  flag,  LOS^^i^^  will  be  HI  if  one  of  the  following 
statements  are  true.  .   ^  S  j\L'-i:  o, 

1.  Either  or  both  of  the  signal  iq^nlis  itf^i^  4hve  beonne  ' 
disconnected  from  the  converter. 

disconnected  fiom  the  converter, 
disconnected  from  the  transducer. 


DBO 

DB1 

DB2 

DB3 

DATA  DB-D15 

FUNCTION 

LOS 

UNR 

OVR 

SIGN 

12  BITS  OF  DATA 

WHERE  UNR  =  UNDERRANGE  AND  OVR  =  OVERRANGE 
OnaaWTKl 

Figure  1.  Data  Output  Format 

The  null  point  of  operation  is  denoted  by  half  fiill-scale  cods, 
the  NULL  output  produces  a  positive  gding  as  die  coiiiiS]^a*MK^ 
throughzero.         ;.j     ^        .-.j.-  . 

ail  V  o.i-  thv*  ■ew'oq   ■•  -i^y- 

.ttit  ifc  V  0.i-^  ^J^tr?  i>  ^i-uao^. 
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This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  Qtherwise  agreed  to  in  writing.. 
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Low  Cost 
Reference  Oscillator 


AD2S99 


FEATURES 
Sine  Wave  Oscillator 
Two  Phase-locked  Sine  Wave  Outputs 
Programmable  Output  Frequency  Range  2  lcHz-20  kHz 
Programmable  Output  Amplitude 
Wide  Power  Supply  Range 
"Loss-of-Signal"  indicator 
Small  20-Pin  PLCC  Padmse 
Low  Cost  '       '  '  ■■■  ■  I 

APPLICATIONS 
Primary  Winding  Excitation  of 

Resolvers     *i  "  aM>j>> 

Synchros 

LVDTs 

RVDTs 

Pressure  Transducers 
Load  Cells 
Inductosyns* 
AC  Bridges 


FUNCTIONAL  BLOCK  DIAGRAM 


PHASE 
SHIFT 


PUSH/PULL 
0/P  STAGE 


PHASE 
DETECTOR 


GENERAL  DESCRIPTION 

The  AD2S99  is  a  programmable 

in  a  20-pin  PLCC  package,  with  an  <j^ratingMpl>]%iirnre  range 

of -40°C  to +85°C. 

The  main  use  of  the  AD2S99  is  to  provide  two  signals.  An  exci'*^ 
tation  signal  is  provided  for  an  ac  transducer,  also,  a  reference 
signal,  phase  locked  to  the  transducer  outputs,  which  can  be 
used  to  demodulate  the  transducer  outputs.  The  AD2S99 
requires  only  two  external  components,  one  resistor  and  one 
capacitor. 

The  AD2S99  operates  on  resolver  format  SINE  and  COSINE 
signals.  These  are  dynamically  phase  compensated  by  varying 
the  transducer  excitation,  producing  complete  alignment 
between  the  SINE,  COSINE  and  Reference  signal. 

Elimination  of  the  temperature  dependent  phase  shifts  found 
with  inductive  tnmsducas,  aod  t&eir  r^ultant'  errors  is  therefore 
achiey^. 

The  AD2S99  is  manufiictured  on  a  LC^MOS  process  which 
combiiieg  hi^  den^  and  low  power  CMOS  logic  with  high 
accuracy  t^idsr  UacK  CKCuitqr  


[GHLIGHTS 

Compensation 
ynamically  compensates  for  any  phase  variation 
lucer  by  phase  locking  the  out^ts  of  the  tnmsdncer 
to  the  reference  output  of  the  AD2S99. 

Programmable  Frequency 

The  oscillator  frequency  is  easily  programmed  to  2  kHz,  5  kHz, 
10  kHz  or  20  kHz  by  using  the  frequency  select  pins. 

Programmable  Output  Amplitude 

Pin  programmable  to  4  V  rms  or  7  V  rms  output  amplitudes. 
Loss  of  Signal  Pm 

The  "LOS"  output  indicates  a  signal  failure  if  both  die  ! 
outputs  feeding  back  to  th«  AD2S99  are  lost. 


*lnduetosyn  Is  a  a^fiftmi'm^mmk  of  Fanand,  Industries,  Inc. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  ehange  without  tfetice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  In  writing. 
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CT«  =  -4(I°C  to  +S5°C.  Vj  =  ±15  V  dc,  R,  =  345K  [1%]  unless  otherwise 
specified) 


ir     !^   t  \    ,  1  1 

fWameter 

Min 

Typ 

Max 

Units 

Conditions           ,  .;j 

ANALOG  INPUTS  SIN,  COS' 
Mqyimiim  Amplitude   

0.7 

2.2 

V  nns 

FREQUENCY  OUTPIW  WliSt 

1800 

2000 

2200 

Hz 

SELl     SEL2  < 

0       0  ! 

4500 
9000 
18000 

5000 

10000 

20000 

5500 

11000 

22000 

Hz 
Hz 
Hz 

0  1 

1  0 

11 

ACCURACY 
Fiequency 

±2 

±6 

±10 

% 

% 

% 

Vs  =  ±4.75  to  ±15.75  V  @  -40°C  to  '+8^°C 

Vs  =  ±15  V@  +25°C 

Vs  =  ±  15  V  @  -40°C  to  +85°C 

OUTPUT  DRIVE  CAPABILITY 
EXC,  to  EXC 

REF,  REF 

10 
10 

mA  rms 
mA  rms 

Max  Capadtive  Load  CCt)  -  30  pF 
Max  Capadtive  Load  (Cl)  =  30  pF 

nTFFFRFMTTAT  OTTTPTTT 

EXC,  EXC 
REF,  REF 

EXC,  EXC                        f  ? 
REF,  REF    "  ^  •-■  ' 

3.88 
3.88 
6.79 

6:791 

4 
4 

7 
7 

4.12 
4.12 
7.21 
7.21 

V  rms 

V  rms 

V  rms  ^ 

vrn^ 

GAIN  =  0;  Rload  =  206    to  GND 

•vMll;  Rload  =  350  n  to  GND 
P%rn^btained  Only  @  Vs  2  ±8  V 
(Single  Ended  Output  Gives  Half 
the  Voltage  Range) 

PHASE  SENsrn!(rai:iiBEi(aiBi 

Phase  Range 
F)pf(Vtnr  ThrMhnlH 

0 

0.5 

(K6    ^  % 

Degrees 
'V  rms 

PHASE  CONTROL  RANGE  ^ 
SIN  Input  to  REF  Output  ^ 

.  „         ij  -'  J 

'  REF,  KIF,  EXC,  EXC-. 

-30 

"J 

dB 

POWER  DISSIPATION 

100 

mW 

POWER  SUPPLIES 

Vss 

Quiescent  Current             .;  ,,,  jqj. 

+4.75 
-4.75 

4 

+  15.75 
-15.75 

V 
V 

mA 

TEMPERATURE  RANGE 

-40. 
-65 

+85 
+150 

"C 
°C 

Operating 
Storage 

POWER  SUPPLY  REJBCndK  MHO' 

VssA'dd  w  REF.  ^^^tP^ 

SELl,  SEL2  INPUTS 
Input  High  Voltage  (Vjnh) 
Input  Low  Voltage  (Vinl) 

AGND  -0.4 
Vss-0.25 

AGND  +0.4 
Vss+0.4 

Vdc 
Vdc 

_    .  ,  ....         ,  -L'^iax-i'.  -xf.i          if"  - 
Logic  1  , 

Logic  0  1 

GAIN  INPUTS 
Input  High  Voltage  (V^jh) 
Input  Low  Voltage  (Vdjl) 

Vdd-0.4 
Vss-0.25 

Vdd+0.25 
Vss+0.4 

Vdc 
Vdc 

1  .       ,                      H          ir..  r- 

Logic  0                            .        . , 

LOS  OtTTPUT 
LOS  Output  High  Voltage  (Vqh) 
LOS  Output  Low  Voltage  (Vql) 

Vdd-0.4 
Vss+0.4 

Vss 

Vdd+0.25 
Vss-0.4 

Vdc 
V 

Logic  1 
LogK  0 

NOTES 

'Mdiei  SIN  OF  COS  ii^nit  mmt  not  oceed  input  limits.  Worn  Case  sine  = 
Spedficattons  subject  to  change  withoot  notice. 


cosB  vbm  9  =  45°. 


This  information  (tpplies  to  a  product  under  development  Its  characteriseics  and  specifications  are  subject  toi^MMn 
Analog  Devices  assumes  no  obligation  regarding  future  manufadureiUnless  otherwise  agreed  to  in  writing,  omitsct  «e3<vs0  ; 
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RECOMMENDED  OPERATING  CONDITIONS 


Power  Supply  Voltage  (V^d  to  ^ss) 


±4.75  V  to  ±15.75  V 


Analog  Input  Voltage  (SIN  and  COS)  2  V  rms  ±10% 

Frequency  Select  (SELl  and  SEL2)   Vss  to  AGND 

Operating  Temperature  Range  -40°C  to  +85°C 

ABSOLUTE  MAXIMUM  RATINGS* 

Vdd  OVto  +16.5  V 

Vss   OVto -16.5  V 

Operating  Temperature  — 40°C  to  +85°C 

Storage  Temperature  ....  .  .  .  —  65°C  to  +  150°C 

Outputs  (EXC,  EXC,  REF,        and  LOS) 

 Vss  -0.4  V  to  Vdd  +0.4  V 

Analog  Input  Voltages  (SIN  and  COS)  ±5  V  rms 

Output  Amplitude  Control  (GAIN) 

 Vss-0.4V»Vdd+0.4V 

Frequency  Select  (SELl,  SEL2) 

 Vss  -0.4  V  to  A<aiP  ■#0.4  V 

CAUTION: 

*Absolute  Maximum  Ratings  are  those  values  beyond  which  damage  to  the 
device  may  occur.  Reversal  of  power  supplies  may  damage  the  device. 


PIN  CONFIGURATION 


s lis  8  1 


NC  [T 
NC  |T 

LOS  [T 
VsaE 
VqolZ 


AD2S99 


TOPVEW 
(NM  to  Scab) 


isJnc 
Tt]  fbais 

16]  SELl 
IslsELZ 

i4]a«N 


[lIlioJHI^JIisI 

a  a  s  £  li 


9 
10 

11 

12 

13 
14 
15 

16 
17 
18 
19 
20 


AGND 
PHASE  AD] 

NC 
NC 
NC 
LOS 

Vss 
Vdd 
EXC 
EXC 

GNSOr 
REF 

GAIN 

SEL2 

SELl 

FBIAS 

NC 

SIN 

COS 


Ijehft  SIN _and  COS  inputs  with  reference 


WILLBEAVMLABU 
PACKME. 


to  AGND. 

Phase  shifts  the  EXC  output  relative  to  the 


Analog  groi 
Input  with' 
REF  output 
Not  Connected. 
Not  Connected. 
Nm  Connected 

LOS  signal  is  a  logic  output  which  swings  between  Vjs  and  Vm,.  Logic  high  when  both  SIN  and  COS 
signals  are  below  the  input  detector  threshold  of  0.5  ±  0.1  TdttS. 
Negative  power  supply  pin.  -4.75  V  to  -15.75  V  dc. 
Positive  power  supply  pin.  +4.75  V  to  4- 15.75  V  dc. 
Complement  of  the  signal  found  on  the  EXC  pin. 

EnatatJon  outinit.  Can  drive  10  mA  with  a  30  pF  ctq>acative  load,  with  an  ampat  -mSiag^  sii  V  or 
3.5  V  rms. 

Ground  pin  for  reCnoKe  outputs  EXC,  EXC,  REF,  and  REF.  Internally  connecKd  to  AGND. 
Converter  reference  output  sine  wave  can  drive  10  mA  widi  a  30  pF  load,  with  an  an^Utade  of  2  V  or 
3.5Vrms. 

Complemoit  of  the  signal  found  on  REF  pin. 
Controls  the  output  voltages  of  EXC,  EXC,  REF,  REF. 
Selects  output  frequency.  Coimect  to  GND  or  Vss. 
Selects  output  frequency.  Connect  to  GND  or  Vgs. 
Connect  to  V^q  via  re^stor  to  trim  oscillator  frequency. 
Not  Connected. 

Input  for  the  SIN  signal  &om  the  transducer. 
Input  for  llie  COS  signal  from  the  transducer. 


This  informsion  sgplii^  $o  #  p«dcK$  under  development.  Its  characteristics  and  specifications  are  subject  to  chan^  without  notice. 
Analog  D«ii^MN^|l«W#.<B|i  iliHplte^  regarding  future  manu^cture  unless  othsnwt^  agreed  to  in  writing. 
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ANALOG 
DEVICES 


AC  Vector  Controllers 


AD2S10(I/AD2S110 


t- 


FEATURES 

Comptot*  Clarke  and  fwrit  IMmrtMi 
Real-Time  Conipirtalian 
Homopolar  Ou^Mit 
8-  to  12-Blt  Digital  lntertae<> 

APPLICATIONS 
AC  Vector  Control 

AC  Induction  and  DC  Permanent  IMagnat  Motors 
HVAC,  Pump,  Fan  Control 

Material  liandlb^ 

Robotics 

Spindle  Drives 

Gyroscopes 
Stabilization  Platforms 
Three  Phase  Power  Measurement 


FUNCTIONAL  BUMX  DIAGlAMS 


SELECT  ID, 

niMpur 


POSmONDATA 


GENERAL  DESCRIPTION 

The  AD2SI00  paforms  the  vector  rotation 
orthogonal  ac  signals  and  rotates  Aem  into 
related  to  the  update  bequency  of  the  di^fB 

Two  transforms  are  included  in  tlus  single 
first  is  the  Clarke  transform  which  converts  tiiree  phase  120 
gree  signals  into  their  two  pbil^  90  degree  ^^#al< 
signals  represent  real  aiid  iitiagittdry  cuncsBts  w||^Wirbe  ci 
puted  to  give  the  vectbr  inirraii  magnitude.' 

The  Park  transform  rotates  these  currents  at  the  update  speed 
of  the  applied  digital  input.  This  digital  input  is  normally  pro- 
vided from  a  resolver-to-digital  converter,  or  in  the  case  of  the 
AD2S110  an  optical  encoder  position  sensor. 

If  the  input  ciurent  signals  are  represented  by  I^s  and  Iqs, 
respectively,  the  transformation  can  be  mathematically  described 
as  follows: 


Ids'  =  Ids  Cos  8  -  Iqs  Sin  6 
Iqs'  =  Ids  Sin  6  +  Iqs  Cos  6 


siSam  systeijK  ..^"'^Si"*'- 


DATA 
ffinOBE 


Where  Ids'       Iqs'      ^  output  of  the  Ftnfc  transfonn  and 
Sin  6  and  Cos  e  the  trigonametric  vahies  of  the  iqmt  rotor 
position. 

The  input  section  of  the  device  can  be  configured  to  accept 
either  three  phase  inputs,  two  phase  inputs  of  a  three  pliase  sys- 
tem, or  two  90  de^ee  separated  input  signals.  A  three  phase 
input  selection  is  the  only  input  type  which  will  record  the  cor- 
rea  homopolar  ouqiut.  This  output  identifies  the  situation 
where  an  imbalance  between  the  three  pliase  currents  exists.  In 
normal  conditions  this  output  will  normally  be  zero. 

The  digital  input  section  will  accept  a  variable  resolution  from  8 
to  12  bits  (AD2S100).  An  input  (bta  strobe  signal  is  required  to 
freeze  the  position  dbta  and  load  ^s  information  into  the  device 


Two  amdog  output  formats  are  available.  A  two  phase  rotated 
output  facilitates  concatenation  where  a  derotation  is  required. 
The  other  output  provides  three  phase  signals  which  can  be 
used  as  an  input  to  a  dc,  or,  ac  motor  controller. 

The  AD2S100  optical  encoder  version  provides  the  fimctions 
above  with  the  addition  of  a  parallel  digital  port  which  can  be 
used  to  extract  real-time  absolute  position  data.  The  AD2S100/ 
AD2S110  are  fabricated  on  LC^MOS  and  operate  on  ±S  voh 
power  supplies. 


This.lnformstlomapplias  tb'a  product  under  devalapment.  US  cbanacterisd&s  andspecifii^itiens.'ais  sala|Bet<t0«elttMBiMrittiout;hotiQe. 
Analog  De>rices  assumes  no  «bH^ioni:regaiding tfcitiMe  manafactumiinte^  -i  : 
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AD2S100/AD2S110-SPECIFICATI0NS 


(typical  at  +25°C  unless  otherwise  stated) 


Parameter                           .  i  • 

Min 

Typ 

Max 

Units 

Conditions 

ANALOG  INPUtI  ~i   f^iJ-^  *.    '  ?  ■ 

Voltage  Level 

0 

±5 

Vdc 

ANALOG  ouTPxrrs 
Output  Voltage  ckSaex   ^ 

3 

mV  dc 

ANGULAR                  ^v.'  "  <'  - 
Radius  Error 

0 

±30 
0.2 

arc  min 

% 

g-;T  TA  - ' 

nc«tsh5qRf«0  $  -I* 

„„         „             tsKiJiiO  T.    .a  m  .  ; 
0<"C-180°CStep                       ,-,  „ 

BANDWIDTH       "  "  t      _  ; 
Settling  Time 

150 
2 

Hz 

(tS 

POWER  SUEFMEp 

-Vss 

+4.75 
-4.75 

+  5.0 

-5.0 

+5.25 

-5.25 

8 

V  dc 

V  dc 
mA 

DIGITAL  DATA  INSip:  FqRMAT 
AD2S100  (Only)               '  ' 
AD^llO  (Only) 

10-  or  12-Bit  Absolute  Parallel  Binary 

12-Bit  Absolute  Serial  or  1000  Line  A  Quad  B 

DIGn;AL  DATA  OUTPUT  FORiVlAT 

U^Hlwsolute  Parallel  Binary 

PRODUCT  HIGHLIGHTS  ^ 
Hardware  Peripheral  for  Standard  MicrocontroUeis  ami  D9^* 
Systems.  The  AD2S100/AD2Sllp  remove  the  time  cdftsfflning' 
caitesian  transformations  from  digital  processors  and  bench- 
marks a  speed  improvement  of  30: 1  on 
processors. 

Field  QtieMated  Contral  <tf  AC  and  DC 

The  AD2SIQQ/Ap2S110  accommodate  all  the  necesl 
inms  t(4prqiiri^4^Ksiwaie  solution  for  ac  vector  rorarat^ln- 
ductioniilSKils  maae  bnmhless  motors.  ~v  " 


Three  Phase  Peak  Curtent  Measuiemeat.  The  AD2S100/ 
AD2SU0  calculus  the  peak  tmie  current  and  can  be  used  to 
sense  overcurrent  situations,  or,  imbalances  in  a  three  phase 
St^lift  the  ^mopolar  output. 

^REolvev^bJQ^ncodeT  Intetfice.  The  AD2S100/ 

JO  Ai^^^ri^ese  general, ^ppg  ggpgmwbicii.  viU 
plication    ^jese  ci|f!|^,l^iaai4t  cfauigkg  ^ 
isition  sensor. 


>-fi.  1-.." 


This  infoinMnionappliBs  to  a^^roduct  undendoudqpm^  Hs  cbaraetaristicsand^pscifleations  aiftwibjeaip  dtailB^^ 
Analog  De\ricesassunries^:«sbKg«tiani!^nn«iinS''^remaiwtEeturs4^^  h  raS'Vad;:. 


FEV.O 


ANALOG 
DEVICES 


High  Power  Output,  Hybrid 
Digital-to-Synchro/Resolver  Converters 


DRC1745/DRC1746 


FEATURES 

14- or  16-Bit  Resolution  I,-  .  .  - 

2  or  4  Arc-IMinutes  Accuracy 
2VA  max  IMean  Output  Drive  Capability 
Full  Accuracy  for  dc  to  2.6kHz  Reference 
Full  Accuracy  with  dc  f^rPllllMing  Power 

Supplies  (PPS) 
Guaranteed  Operation  Witit  3V  dc  Pedestal  on  PPS 
Can  Drive  Pure  inductive.  Resistive  or  Higlily 
'  Capaeitive  Loads 

LS  or  CIMGS  Latched  Inputs  With  Separate  High/Low 

Byte  BMMe 
Low  Radhn  Vector  Variation  (O.I»%) 
Optional  TransZofb™  Protaetion  Against 

Induetive'iSpllces  on  OuQiitt 
Protected  Against  -l>20Q%  Overvoltage  on 

Analog  Input 
Remote  Output  Sensing  Facility 
No  Trims  or  External  Adjustments 
Full  Output  Short  CircuK  Protection 
Single  40-Pin  Pacliage 
Hi  Rel,  IMIL-STD  8838  Versions  Available,. 

APPUiCATfONS  

Driving  Synchro  and  Besohrer  ContfaHTi 
Avion ic  Equipment  (e.g..  Air  Data  Computers) 
interfacing  With  Seivo  Systems 
Rre  Control  System  Outputs 
Naval  Retransmission  Unit  Outputs  i 
Outputs  to  Radars  and  Navigational  Aids 
Airaraft  and  Naval  Simulators 

CTNERAL  DESCBDTiON 

tlw  DRC174S  and  DRC1746  are  liylnid  incfcaged  Digital-to^ 
RcaolvDc  convcnen.  They  accept  a  14-lrit  or  16-bit  digital;input 
word  representing  angle  and  output  sine  and  cosine  voltages 
multiplied  by  an  analog  input.  The  converters  maintain  full 
accuracy  when  the  analog  input  fiieiiuency  is  in  the  range  dc  to 
2.6lcHz. 

The  units  have  internal  power  amplifiers  capable  of  driving  a 
2VA  load  wliidi  can  be  pure  inductive,  resistive  or  highly  capaei- 
tive. The  output  is  fully  diort-circuit  protected  against  overcunent. 
The  output  of  dte  converter  can  be  used  to  drive  direcdy  into 
resolve  control  transformers  or  in  conjunction  with  an  external 
transformer  module  to  drive  synchro  control  transformers.  The 
pown  available  is  more  than  adequate  to  drive  all  standard 
synchro  control  transformers. 

The  separately  powered  output  stage  is  compatible  with  conven- 
tional ±  ISV  dc  power  supplies  or  pulsating  power  supplies  with 
pedestal  components  as  low  as  3V  dc. 

TnuuZofb  it  a  racutend  trademark  of  Geneial  SemicoiiduGtor 


FUNCTIONAL  BLOCK  DIAGRAM 

+  15V       -15V  +15V(P| 


SINE  MULTIPLIEH 


J  (2A  SIN  i-it  sm  at 

)  SIG  GND 


The  use  of  pulsating  power  supplies  greatly  reduces  the  hnermtl 
power  dissipation  in  the  hybrid  package  whidi  in  turn  maximizes 
the  converter's  Mean  Time  Between  Failures  (MTBF). 

A  particular  feature  the  converters  is  that  they  have  a  remote 
senring  fodlity  wluich  means  tlitt  output  accniacy  can  be  main- 
tained even  when  long  lities  have  to  be  driven. 

The  converter's  data  inputs  are  latched  and  the  latches  can  be 
CMOS  or  Low  Power  Schottky  (LS).  The  former  gives  advantages 
in  terms  of  power  dissipation  and  the  latter  in  terms  of  glitch 
performance  when  used  in  fast  dynamic  update  modes.  The 
latches  are  transparent  and  have  a  separate  high  andlow  bytc^. 
enable. 

As  an  option,  the  output  stage  can  be  fitted  with  internal  Trans- 
Zorb^'^  protection.  This  gives  fiill  protection  against  transient 
voltages  generated  by  an  inductive  load  in  response  to  an  abrupt 
change  in  load  current.  This  condition  can  occur  at  switch  off 
or  as  a  consequence  of  external  power  supply  fault  conditions. 

The  units  are  packaged  in  40-pin  dual  in  line  hylnid  paclcages,. 
and  require  no  external  trims  or  adjustments. '  -  '  ^ 

MODELS  AVAILABLE 

The  DRC174S  (14-bh  resolution)  and  DRC1746  (16-bit  resolution) 
<  aA;  Mubble  widt  acdirsides  of  ±2  or  ±4  are-minutes.  Both 
units  have  optional  TransZorb  protection  and  a  chince  of  dtlKT 
LS  or  CMOS  inputs  (see  Ordering  Information). 

Two  sets  of  reference  and  output  transformers  are  available. 
The  STMI660/STM1663  operates  over  47Hz  to  440Hz  while 
the  STM1680/STM1683  e^wrates  over  360Hz  to  2.6kHz.  The 
transformers  can  lie  Scott  T  comected  to  provide  a  synchro 
output  format. 
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+25°C  and  ±  15V  power  supplies,  unless 
otherwise  noted) 


Mad«b 

D1RC1746 

DIGITAL  INPUT  RESOLUTION 

14Bii:s(L32iic»ininiite»}  ■  

16  Bits 

(0.33  arc-minutes) 

DIGITAliifitJT^R^^-     '  ■, 

Parallel  naturaLbiiuiy ,  I  'i'L  conipatiblc. 

« 

IncludcB  iniemul  TD^  pull-up  r^suHs. 

RECOMMENDED  ANALOG  INPUT 

3 .4  V  rms  (single  aided.iDpuO 

(Vref)' 

3.53Vnns(iBi»>^  •  \  - 

* 

OUTPUT  WITH  RECOMMENDED 

6.8V  nns 

* 

ANALOG  INPUT 

* 

GAIN  (Vref  to  Vo) 

* 

GAIN  TEMPERATURE  T 

r 

COEFFICIENT             1^".  i 

2SppniA:(inax)  ) 

* 

ANALOG  INPUT  (Vref) 

FREQUENCY  RANGE 

dc  to  2.6kilz             1  j 

ANALOG  INPUT  IMPEDANCE 

10.2kn 

* 

ANALOG  OUTPUT  IMPEDANCE 

0.2mn  max 

* 

ni  ITPI  IT  nFP?PT  Vm  TAfiF 

25niV  (max) 

OUTPUT  OI^ET  VOLTAGE  DRIFT 

50(1  VrC  (max) 

0gTPUT®RIVE  CAPABILITY 

1.5V A  (max  mean) 

±  300mA  peak  ^  10.6V  peak 

* 

PHASE  SHIFT  (Vref  10  Vo) 

0.08'@400Hz                         ^  , 

• 

OUTPUT  PROTECTION 

OvervolUge 

TransZorb  (optional) 

±  12VauidGfF,  ±.  15V  damp 

* 

Overcurrent 

Limit  seti^'S^KlniApeaJc.  (Case  header 

^ustbeoiaintained^'  12S°Cin|x)^ 

* 

m^PONSETOASTERIKI^^  -  ° 

20|jbs  (max)  to  within  aceunQF  of  converter. 

 ..   ^  '--^ir^.  'f^''' 

AUy-aze  digital  step  input. 

RadiusEirnn^  i 

0.03% 

Angular  Error 

±  2  or  ±  4  arc-minutes 

POWER  SUPPLY  (NO  LOAD)*  '  = 

LS  Latch  Options         +  1 S  Volts 

1 5mA  (lyp)  22mA  (max) 

* 

-15  Volts 

15mA  (typ)  22mA  (max) 

• 

+I5(P)Volts 

20mA  (typ)  34mA  (max) 

* 

-  1S(P)  Volts 

20mA  (typ)  34mA  (max) 

44mA  (typ)  72mA  (max) 

CMOS  Latch  Options    -t- 1 S  Volts 

24mA  (typ)  30mA  (max) 

-15  Volts 

1  SmA  (typ)  22mA  (nuu) 

• 

+  15(F')  Volts 

20m  A  (t  j^)  34niA  (iiudi) 

-  IS(P)  Vpli^' . 

2()B!A(ts^)34mA(^0).  . • 

Additional  Current 

(Load  Dependent)     -*~  15(P)  Volts 

400mA  Pkalt(]^ia9()     '  , 

-# 

-IS(P)  Volts, 

400mA  Peak  (nux) 

* 

PULSATING  POWER  SUPPLY 

PEDESTAL 

3Vdc(min) 

POWER  DISSIPATION 

See  Power  Disiii^fitm  section  of  this  dttftsbeet^ 

CASE  TEMJ^^TURE  I^KGE^^ 

-55X10  +  125'^Opcrating  ... 

-65''Cio  +  1S0°C Storage                     ,  ■ 

SIZE 

4a-Pin  DILI. 14x2. 14x0.18" 

(29.0  X  54.4  X  4.6mm) 

WEIGHT 

0.9  02  (25  grams) 

NOTES 

'VftF.F inienully  damped  lo  :  ISV  power  supplies.  Inpul  current  should  not  exceed  1< 
■*Wont  cftic  error  over  operating  lemperaiure  range. 

The  +  S  voli  power  supply  must  never  go  more  ihan  0.3V  below  GND  poiential. 
*CoiTeci  polarity  voitoget  must  be  maiiitained  on  (he  *  15V  and  ihe  ±  ISV(P)  pins. 
*TrKlu|ig  of.dM  ±ISVand  :  1S(P)  supplies  musi  be  mainitined. 
'Adeqnue  hut' linking  miut  be  provided  lo  keep  ihe  case  tempenture  leu  than  12SX. 
"     "  ie»PRC174!.  ^^j^^^^yi 


RcfcKBce  Input 

Tranafomier 

STM1680 


Output 

■  Tmuftw 


11.8,26, 115V  ima 
depending  on  DpciQa 


Sig.Co» 


OUTPUTVOl-TAGES 


3.4Viiw±m 

-  -Amc'Aiij.  


11.1,26, 90V  niu±S% 
S1,S2,S3,(S4) 


OUTPUT  FORMAT 


Synchro  or  resolver 
gonopdon 


FREQUENCY  RANGE 
STM1680 
STM1683 


11.8VIili>«-~'--.!3to3 

26VInput      -  ; 

115V  Inpul  -  ' 


J"*™"  •»  3«Hz-2.6kHz 
*J»3ti  i»Jt|j!.)0  Hi.-.,.--.  ^—7 


ACCURACY 
O.lVALoad 


?  ll;  ±1.0arc-min(niax) 


1.4VALo^  .1 
2.0VALoad 
Temperature  Cocfficicnl 

N/A 
N/A 

N/A  i>M- 

±  2.0  arc-min  (max) 
±  3 .0  arc-min  (max) 
±  0.02  arc.min/X(n««) 

OUTPUT  IMPEDANCE 
ll.SVOutput 
26V  Output 
90V  Output 

N/A 
N/A 
N/A 

2.9(1  (typ) 
I3.6n(lyp) 
156n(tH>) 

DC  ISOLATION 
Voltage 

lOOOV 

lOOOV 

SIZE 
STMieW 

STM1683 

1.12x1.12x0.4" 
(28.S  X  28.S  X  10.2mni) 

2. 25x  1.12x0.4" 
(57.lx28.5xl0.2nim) 

TEMPERATURE  RAN<3E 
Operating 

Storage 

-55"Cto  +  125"C 
-WCto  +  150"C 

-55"Clo  +  l25°C 
-60^10 +  150"C 

WEIGHT  (max) 
STM1680 
STMI683 

1.5oz(42  grams) 

2. 5  oz  (70  grams) 

[/A  meant  not  applicable. 

•.■-•s».".;:j#? 


ABSOLUTE  MAXIMUM  INPUTS 

+  15V  to  GND  +17V 

-1.5V  to  GND  -17V 

+  5VtoGND   ......  .   +5.5V,  -0.3V 

+  15(P)to  -15(P)   -I-40V 

Digital  Inputs  GND   +5.5V,  -0.3V 


DRC1745/DRC1746 


THEORY  OF  OPERATION  ,„ 

The  operation  of  the  DRC174S  and  DRC1746  is  Mustiated  in 
the  block  diagram  shown  in  Figure  1. 

The  reference  voltage,  Vref>  (A  sin  ut)  is  multiplied  by  both 
Sin  6  and  Cos  8  whe^e  6  is  the  digital  angle.  The  resultant  outputs 
then  pass  through  the  murent  booster  ou^t  stage  to  provide 
die  resolver  foimat  output  voltages  viz:  L  .  . 

2ASino>tSine  (Sine  output) 

and        2A  Sin  mt  Cos  6  (Cos  output) 

(Note:  Converter  has  a  gain  of  2  from  input  to  output.) 

^  +1SV       -15V  +15V(P| 

 (X> 


"I 


SINE  MULTIP 

LIER 

COSINE  MULT1 

1 

TRANSPAR 
LATCHES 

NT 

(2A  SIN  .ol  SIN  II) 
SIG  GND 


Figure  1.  Theory  of  Operation 

CONNECTING  THE  CONVERTER 

The  connections  to  the  PRC1745  and  DRC174^  are  very 
straightforward. 

The  digital  inputs  should  be  connected  to  the  converter  using 
pins  1  (MSB)  through  14  (LSB)  in  the  case  of  the  DRC1745 
and  through  16  (LSB)  in  the  case  of  the  DRC1746.  The  format 
of  the  digiml  angular  input  is  shown  under  Ae  "Bit  Wdght 
Table"  section  on  this  page.  " 

The  digital  input  control  lines  should  be  connected  as  described 
under  ^e  '^Diptal  Data  Input"  section. 

Alo  and  Ahi  are  for  the  analog  input  reference  voltage  (Vref)- 
It  should  be  noted  that  this  is  a  single  ended  input  where  Alo 's 
grounded  inteniaUy.  If  it  is  desired,  the  Vref  input  can  be 
externally  isolated  using  the  STM1680  or  STM1660  transformer. 
See  the  section  on  "Output  and  Reference  Transformers". 

The  converters  have  separate  power  supply  inputs  for  the  output 
amplifier  stage  ( +  15V(P)  and  -  15V(P))  and  for  the  remainder 
of  the  converter  (+  15V  and  -  15V).  When  dc  power  suppUes 
are  used  for  the  output  stage,  the  supplies  may  be  linked.  However, 
when  pulsating  power  supplies  are  used  for  the  output  stage,  a 
separate  dc  supply  must  be  provided  for  the  +  15V  and  -  15V 
requirement.  The  converters  have  internal  capadtive  decoupling 
of^7ii%M^|9jt%gS;S^        and  converter  supply  but  it  is 
reeommaided  tnat  6. gfi,P  capacitors  are  taken  from  the  +  15V 
and  -  15V  pin  to  "GND". 

The  "Case"  pin  is  joined  to  the  case  which  is  isolated  and  should 
be  connpeted  to  a  wHMl  Mb  iotentisl  pete    ttie  system. 


The  sine  and  cosine  outputs  are  taken  from  the  "Sin"  and  "Cos" 
jSbs  with  "SIG  GND"  as  the  common  coimection. 

The  remote  sense  facility  using  "Cos  Sense"  and."Sin  Sense" 
connections  should  be  used  as  described  under  the  "Remote 
Output  Sensing"  heading.  If  not  used,  the  sense  outputs  should 
be  connected  to  the  corresponding  Sin  and  Cos  outputs. 

DIGITAL  DATA  INPUT 

The  digital  input  to  the  converters  is  internally  buffered  by 
transparent  latches.  The  latches  will  be  CMOS  (type  54C373) 
or  low  power  Schottky  (LS)(type  54LS373)  depending  on  the 
option. 

The  "HBE"  input  controls  the  input  of  the  most  significant  8 
bits  and  the  "LBE"  input  controls  the  input  of  the  least  significant 
bits  (6  in  the  case  of  the  DRC174S  and  8  in  the  case  of  the 
BkC1746). 

A  logic  "Hi"  on  the  control  lines  causes  the  input  to  appear 
trsRispuent  and  the  converter  output  will  follow  the  changes  on 
fte  ^l^  injjBt,  When."H$E"  and  "LBE"  are  taken  to  a  logic 
"to"  stite,  die  converter  biitput  will  be  latched  at  the  level  of 
the  data  present  on  the  input  at  the  low  going  edge  and  remains 
constant  until  "HBE"  and  "LBE"  are  taken  tea  "Hi"  sate 
again.  If  the  latches  are  not  required,  "HBE"  and  "LBE"  can  ' 
be  left  open  circuit.  The  timing  diagram  in  Figure  2  iliistiates 
the  use  of  "HBE"  and  "LBE". 

Internal  resistive  pull-ups  (to  +  5V  using  27k  resistors)  are 
employed  on  all  digital  inputs.  This  ensures  full  TTL  compatibility 
for  ei^er  latch  option  even  when  sourcing  SOixA  of  leakage 
current  into  each  external  digital  driver. 


1_  rrOi.'iKi 


5ns  MAX  L5  OPTIONS 
140nB  MAX  CMOS  OPTIONS 
2Dns  MAX  LS  OPTIONS 
0ns  MAX  CMOS  OPTIONS 


NOTE;  INTEHNALLATCHESARE:54LS373(LS1  54C3731CMOSI 

Figure  2.  Data  Transfer  Diagram 

BIT  WEIGHT  TABLE 
1^,  .,  Kt  Number  Weight  in  Degrees 


1  (MSB) 

2 

3 

4 

5 

6 

7 

8 

9 

to 

M 


14  (LSBDRC1745) 
IS 

16  (LSBDRC1746) 


180.0000 
90.0000 
45.0000 
22.5000 
11.2500 
5.6250 
2.8125 
1.4063 
0.7031 
0.3516 
0.1758 
0.0879 
0.0439 
0.0220 
0.0110 
O.OOSS 
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The  DRC174S  and  the  DRC1746  can  be  used  with  conventional 
dc  power  supplies  or  a  pulsating  power  supply  on  the  output 
stage  (see  Figiue  3).  The  latter  gives  significant  reductions  in 
power  dissipation  within  the  hybrid  package  without  any  attendant 
1^  of  accuracy. 

Vhen  using  a  pulsating  power  supply,  full  advantage  can  be 
takoi  of  the  special  design  which  allows  the  power  supply  to 
have  a  voy  low  dc  pedestal  voltage.  This  results  in  minimized 
power  dissipation.  The  pedestal  voltage  can  in  £act  be  as  low  as 
3  v<d^  ^^.ii, 
not  exceed  tiie  i 

Full  accuracy  is  retained  during  operation  on  pulsating  power 
supplies  because  the  output  stage  employing  these  supplies  is 
only  used  to  provide  cui:^t  gaiQ.,Ov^aU;^aa|Kinal  loop  gain 
is  indqtendently  powoed.  'raeie  are  m  specnl  switcb-on/switch- 
off  power  supply  sequencing  tequiiemoits,  and  fiill  internal 
proteettiti  k  provided.  ■  '  ■ 

The  section  below  demonstrates  the  power  dissipation  differences 
for  different  load  conditions  when  using  dc  supplies  and  pulsating 
power  supplies. 

DC  Power  Supplies: 

With  inductive  loads,  the  dc  resistance  is  low  compared  with  ac 
impedance;  therefore  care  should  be  taken  to  ensure  that  no  dc 
offset  occurs  at  the  sin  and  cos  outputs.  Note  that  under  external 
current  limit  conditions  asymmetry  of  the  power  supplies  could 
occur,  forcing  a  large  dc  offset  to  be  present  at  the  sin  and  cos 
outputs  causing  heavy  power  di^ipation  in  the  device.  Case 
temperature  must  be  maintained  below  125°C.  '  ' 

As  the  reference  input,  Ahi,  is  directly  coupled,  ouq>ut  onset 
will  occur  if  any  dc  component  is  present  at  this  input. 

When  using  dc  power  supplies,  the  egression  for  addititmal 


THANVp. 


P  =  ^^(|Sine| 


iCosei)- 


V„I,  Cosa 


(1) 


Where  V,  is  the  peak  output  voltage. 

Ii  is  the  peak  value  of  the  output  load  ciH&l."^ 
6  is  the  digital  angle, 
a  is  the  load  phase  angle. 

Vdc  is  the  dc  power  supply  voltage  (usually  ±15  volts). 
Pubating  Power  Supplies: 

When  using  a  pulsating  power  supply,  the  expressknt  for  additional 
load  dependent  power  dissipation  within  tili^lgrl>4<l  is: 


(|Sine|.*te«e|)+  -^(Sinor-aCosa):- 

Where  Vac  is  the  peak  ac  component  of  the  pulsating  power 
supply  assumed  equal  to  the  peak  output  voltage,  V,. 
I]  is  the  peak  value  of  the  output  load  cucrent. 
e  is  the  digital  angle.  j 
a  is  the  load  ph^se  angle. 

Vp  is  the  dc  pec^sstal  voltage  of  the  piilsaiwg  power 


(2) 


supply. 


Note  that  I] 


where  V„  =  Peak  output  voltage 


tlo9d 


(V  ac  USUALLY  EQUALS  Vol 

Figures.  Pulsating  Power  Supply  Format 


ExampleB  of  Power  Dissipation: 

Many  factors  influence  ibe  power  dissipation  within  the  hybrid. 
The  following  two  examples,  using  typical  load  values  and  worn 
case  digital  angle  conditions  (45  degrees),  illustrate  the  saving  in 
power  dissipation  which  can  be  achieved  by  using  a^ilaieiag 
power  supply  employing  a  low  pedestal  voltage.  ^ 

Note  that  in  the  following  examples  weHtaW'^^losenl 
Vdc  =  ±15volts  '  " 

Vp    =  3yoltS  i-:wo***  Wfr  04/.  .1 

Vo  =  9.6VDlts(6.8voltsnns)  nnw'o'sw 

Ii    =  292niA  C^^^^t  ^^^^^^^^) 

1)  DC  power  supply,  6  =  45°  resistive  load.  - 

2xl5x0.292(Sin4S°  +Cos4S°)  -  9.6  x  0.292x1 
^  ~  Tt  2 

=  3.943  -  1.402 

=  2.54  Watts 

2)  As  example  (l^jfefutjofr  #3  volt  pedestal  pulsating  power 
supply. 

. .  From  equation  (2): 

p  _  2  X  3  X  0.292(Sin45°  -«-Cos45°)  +  9.6  x  0.292  x0 

IT  ,     - 1     It  ■ 

,    =  0.79  Watts 

Thus  the  pulsating  power  supply  has  cut  down  the  intoeiBl 
dissipation  by  1.75  vratts,  a  ratio  of  3.2:1. 

A  similar  calculation  using  an  inductive  load  shows  a  reduction 
imm  3.94  WattSj  using  a  dc  power  supply,  to  h68  Watts,  whet 
a  3  volt  pedestal  ptilsatii]ig:^Dwer  supply  is  used.  Thim  the  fxisttaag 
poKQ  supply  has.eut  d^fo  ibe  internal  diii^timi  by  2<26    ' : 

Wtiaai,maiaoB[^2:3^l:  ^  ,,       ■  ■• 

The  graph  shown  in  Figure  4  shows  the  teinperatute  at  the 
hottest  part  of  the  base  of  the  hybrid  (in  the  middle  of  the  base 
'between  "  +  15V(P)"  and  the  opposite  "N/C"  pin)  for  teastlve 
loads  up  to  2VA  using  dc  supplies  and  pulsating  supplies  witli 
pedestals  of  3  volts  and  3  volts. 

Figure  5  shows  a  similar  graph  for  inductive  loads  up  to  IVA. 
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NOTE: 

1.  AMBIENT  TEMPERATURE  ai-C,  NO  HEAT  SINK.  , 

2.  TEMPERATURE  MONITORED  tNITN  WORST  CAGE  QOtTAL  INPUT  (4«*|. 

3.  TEMPERATURE  MEASURED  ON  HOTTEST  PART  ^  tim- 

Figure  4.  Case  Temperature  for  Resistive  Loads 

As  can  be  seen  from  Figures  4  and  5,  it  will  be  necessary  to 
provide  heat  sinking  when  driving  significant  loads  in  order  to 
keep  the  temperature  of  the  case  below  its  125°C  maximum. 

The  converters  have  been  designed  with  a  flat  metal  base  to 
facilitate  mounting  on  heat  sinking  materials.  Special  thermal 
mahagerhent,  utilizing  direct  eutectic  bonding,  has  been  employed 
in  the  output  stage  to  minimize  thermal  resistance  to: 

Angle 

W,  90°        9  Junction/case  =  less  than  1 2°C/watt 
45°,  135°     ejunction/case  =  less  than  6°C/watt 

Consequently  the  internal  (unctibn  temperattires  do  not  exceed 
case  header  temperature     more  than.  20°C  when  using  pulsating 
power  (even  imder  worst  case  pure  indtiettve  load  cdnditioas. 
The  maximum  permitted  junction  tem]peij|tta»  is  :155.''C),.  • 

CALCULATING  THE  LOAD 

The  following  describes  how  to  calculate  the  load. 

In  the  case  of  synchro  control  transformers,  first  determine  the 
value  of  Zso.  This  impedance  is  normally  quoted  by  the  synchro 
manufacturer. 

The  load  presented  by  the  control  transformer  will  be: 

3  _V2 

4  |Z„L 

where  V  is  the  rros  signal  input  voltage. 

When  the  STM1683  output  transformer  pair  is  iteed,  it  is  nfcessaty 
to  add  0.25VA  to  the  calculated  figure  to  allow  for  transfohnter 
laagnetizing  current.  For  die  STM1663  outpit  transforiiieF  a 
figiue  of  0.30VA  should  be  added. 

For  example,  assume  that  a  90V  rms  signal,  400Hz  synchro 
control  transformer  is  to  be  driven  by  the  DRC1745  in  conjimction 
with  the  STM1683/412  output  transformer  pair.  (The  STM1683/ 
412  boosts  the  6.8V  rms  signal  from  the  DRC1745  to  the  90V 
rms  required  by  the  control  transformer.) 

Zgo  for  the  control  transfonner  is  quoted  as; 

700+i4900:l)aj,.>rst»4  wrt>r  .  .  ji  se-^ub  •      •    ■  -  ^ 

■     ■        ;.T*U-»«*0»«»sr<' ■  :  '..1  ■ 


^-/^   9^ 

n 

0.2        0.4        0.6        0.8        1.0   J  ...1^         1;^        1.S  1.8 

..  !.o«DPOWtiii*!iiW6tun:  ' 

rAMBIENTTEMPERATMREZ1°C,N0HI£ira«ll&-'=''iW^- 
2.  TCMMAfUREMai^ReDWITHMMMWM-MiM^m^ 

»^«i3ja««(«8uei|DONHo^^wF^^^ 


3.  TtHMAtMW  'MfAWeti^  ON  wi«E^;|IW^ 

Figure  5.  Case  Temperature  for  Inductive  Loads 
Therefore 


IZ^I  =  V7002  +  49002  =  4950  Ohms 


Therefore,  the  load  presented  by  the  control  transformer  is: 
1.23VA 


902 
4950 


Adding  to  this  value  0.25VA  for  the  STM1683  gives  a  figure  of 
1.48VA  total. 

In  the  case  of  a  resolver  control  transformer  the  same  exercise 
must  be  performed  but  it  is  not  necessary  to  multiply  by  3/4. 
Some  resolver  manufacturers  quote  rms  input  current  and  in 
this  case  the  load  will  be  the  product  of  the  input  current  and 
the  rms  voluge  used  to  drive  it.  The  0.25VA  must  be  added  if 
teSTfilfigStiniii^Mlf Misused.         '  ' 

DRIVING  CAPACITIVE  LOADS 

Synchros  and  resolvers  often  employ  capadtive  tuning  to  minimize 
power  dissipation.  This  tuning  can  be  on  the  load  itself  ,  or  pref- 
erably for  best  amiracy)  on  £he  primary  of  the  transformer 
driving  the  load.  Full  tuning  modifies  the  load  to  appear  resistive 
at  the  reference  frequency,  but  it  appears  progressively  more 
capacitive  at  all  frequencies  above. 

Since  the  converter  is  an  active  negative  feedback  device,  it  is 
essential  to  include  a  low  value  resistor  in  series  with  each  timing 
capacitor  to  prevent  highly  dissipative  output  stage  oscillation. 
This  resistor  musi.ww  be  less tihaii  3.3n.  A  value  of  5.6{2  is 
recommended  when  referred  to  the  output  of  the  DRC1745/ 
BRei746. 

The  DRC1745  and  DRC1746  can  readily  drive  capacitive  inputs 
up  to  lOOttF  at  the  converter  output  terminals  without  special 
precautions.  However,  please  consult  the  factory  when  extreme 
lengths  of  screened  cable  or  any  other  cases  of  high  capacitance 
are  to  be  driven.  For  example  in  the  case  of  step-up  transiDimei& 

Where  d,  is  the  capacitive  load.  , 

r  .1.  .  • 
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Figure  6.  Incorporating  a  Resistor  in  the  Tuning  Circuit 

Care  must  be  taken  in  tolerancing  the  tuning  capacitors  when 
using  secondary  tuning  since  the  significant  output  impedance 
of  typical  output  transformers  can  give  rise  to  capacitive  balance 
related  angular  errors. 

The  use  of  these  precautions  enables  the  converters  to  drive 

fiiUy.a«e42VAloa4$.-.,A       .  ' 

For  more  information  please  send  for  relevant  appti^i^g^^i^. 

SHORT  CIRCUIT  PROTppiXQN 

The  short  circuit  current  fiuut  is  ^  at  -^wwrnA  maximum; 

Under  short  f;ircv4tpr<exces8iv;e  current  conditions,  the  overcurrent 
protection  circuit  will  trip  and  reduce  the  output  current  to 
zero.  In  order  to  minimis  power  dissipated  UBder  cuiient  Hrait 
conditions  the  device  goes  into  a  switching  mode,  testing  l^e 
load  condition  at  a  high  frequency. 

When  the  overload  conditions  are  removed,  the  output  is  autd- 
matically  restored  to  its  normal  condition. 

VECTOR  ptROitS  AND  EFFECTS 
The  error  law  used  in  the  converter  has  no  ii^ierent  yecUfa 
errors.  The.£g)];r»  of  Q£03%  given  in  ^e  specKiqitiQn  is  aceoimted 
for  by  tolerances  in  some  of  the  thm-fiim-oe^stor  netwwtES  used 
in  the  converter. 

These  very  low  vector  errors-make  the  Converters  ideally'suited 
for  af^ilications  such  as  displays,  or  metal  itutiii^  control  where 
perfect  circles  have  to  be  generated. 

BANDWIDTH 

The  open  loop  gain  bandwidth  product  of  the  DRC174S  and 
DRC1746  has  been  tailored  to  ensure  that  the  full  angular  accuracy 
is  maintained  over  the  broadband  range  of  dc  to  2.6kHz.  This 
results  in  a  closed  \aap  bandwidth  of  300kHz. 

REIMOTE  SENSE  FACILITY  AND  ADDITIONAL 
OUTPUT  ERRORS 

A  remote  sense  facility  is  included  in  the  DRC1745  and  DRC1746 
in  order  to  reduce  errors  caused  by  the  output  interconnection 
wiring  when  driving  large  loads.  The  magnitude  of  this  error  is 
illustrated  by  two  examples  below. 

Assume  that  the  sine  and  cosine  load  impedances  are  perfectiy 
matched  and  the  sine  output  wiring  resistance  matches  the 
cosine  output  wiring  resistance  to  within  5%.  Then  for  a  resistive 
load  of  1.4VA  (33  ohms)  and  the  worst  case  angle  of  45  degrees, 
there  will  be  1 . 3  arc-minutes  of  extra  error  introduced  for  cvcry_ . 
230  miUiohms  of  resistance  for  the  loop  wiring  between  the 
converter  and  the  loail,  ^leg^M  =  ItlSt^iK,  1  oz  PCB  cSHNC 
=  400mn/ft.) 


In  the  case  of  an  inductive  load  imder  similar  conditions,  500 
milliohms  would  produce  the  same  error. 

Using  the  remote  sense  facility  as  shown  in  Figure  7  will  half 
this  error  or  allow  twice  the  dtelBee<4»4*<d^en  for  the  same 
additional  error. 

If  the  remote  sense  is  not  used,  then  "COS  SENSE"  should  be 
joined  to  "COS"  and  "SIN  SENSE"  should  be  joined  to  "SIN" 
at  the  PCB  edge  connector. 

Note  also  that  when  output  transformers  are  used  witii  the 
converters  they  should  be  regarded  as  the  load  and  the  remote 

sense  wires  taken  to  the  transformer  primary  inputs. 

Sense  wiring  may  employ  minimum  wire  gauge;  it  does  not 
carry  load  current.  - 


DRC1745/1746  SIN 

COS  SENSE 


Figure  7.  Using  thB^tiE^  Sense  Facility 

The  groimd  returns  from  the  load  should  be  individually  wired 
and  star-point  connected  at  the  converter's  signal  ground.  Any 
common  resistance  in  die  signal  rettuns  will  produce  errors  due 
to  the  summation  of  the  sin  and  cos  outputs.  With  a  resistive 
load  of  33  ohms  at  1.4VA,  and  at  (he  worst  angles  of  0  and 
there  will  be  1.3  arc-miniites^tealra  etronintroduced  for  e«ecy 
12.5  miUiohms  of  commra  signal  return  resistance,  i 

TRANSZORB™  OlTmiT  PROTECTION 

As  an  option,  the  output  stages  of  the  converter  can  be  internally 
fitted  with  TransZorb  protection.  This  form  of  protection  can 
be  advantageous  and  significantiy  increase  the  Mean  Time  Between 
Failures  when  driving  inductive  loads.  The  TransZorbs,  which 
are  effectively  back  to  back  zener  diodes,  give  full  protection 
against  transient  voltages  generated  by  an  inductive  load  in 
response  to  an  abrupt  change  in  load  current.  Such  a  change 
can  occur  at  switch  off  or  as  a  consequence  of  external  power 
supply  fault  conditions.  The  TransZorbs  are  rated  to  give  pro- 
tection against  worst  case  transients  corresponding  to  an  instan- 
taneous interruption  of  the  converter  when  driving  into  a  full 
2VA  pure  inductive  load  with  the  converter  operating  at  the 
maximum  case  temperature  of  125°C. 

Figure  8  shows  a  simplified  diagram  of  the  converter  output 
stage  indicating  the  action  of  the  TransZorb  when  the  IS  volt  . 
supply  is  interrupted. 

It  is  important  to  appreciate  that  destructively  high  voltages  can 
be  generated  (given  by  E  =  Ldi/dt)  even  for  modest  inductive 
loading,  under  many  fault  conditions,  since  di/dt  is  effectively 
imcontrolled.  Internal  TransZorb  protection  is  a  better  and 
more  direct  solution  to  the  problem  than  employing  a  pair  of 
reverse  biased  diodes  to  the  output  stage  power  supplies.  This  is 
because  the  transient  is  contained  within  the  specific  load  disturbed 
and  does  not  escape  into  the  power  supply  wiring  and  hence 
tsnue  possible  damage  to  other  equipments  and  devices.  A  dismino 
effect  of  catastrophic  failure  is  therefore  prevented. 
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Figure  8.  DRC1745/DRC1746  Output  Stage  Showing 

TransZorb  Protection 

Figure  9  shows  the  nature  of  transient  waveforms  where  by  the 
very  large  transient  vohage  generated  by  the  inductive  load  is 
limited  to  a  safe  clamp  level  when  it  is  appUed  to  the  output 
stage. 


OUTPUT  cuRTOnr 


11UM820RB  CLAMP- 


Figure  9.  Transient  Waveforms  and  TransZorb  Clamping 

In  addition,  thereiBjgj^aiaj^oi^jjjjlig^  clanjps  ^  the  ±  ISV(P) 
power  su{^&S. 

OUTPUT  AND  REFERENCE  TRANSFORMERS 
A  set  of  low  profile  (0.4"  high)  reference  and  output  transformers 
(which  are  capable  of  handling  the  full  drive  capabihty  of  the 
DRC174S  and  DRCI746  over  a  frequency  range  of  360Hz  to 
2.6fcHz)  are  available  in  order  to  acc^t  the  standard  voltage 
formats  of  synchros  and  lesolvers. 

The  reference  transformer,  STM1680,  can  accept  voltages  of 
11.8  volts,  26  volts  or  115  volts  depending  on  the  option  and  its 
output  is  3.4  volts  rms  which  is  suitable  for  connecting  to  Am 
and  Alo  on  the  converter. 

The  output  transformer  pair,  STM1683,  accepts  the  6.8  volts 
rms  output  of  the  converter  and  provides  a  synchro  or  resolver 
format  depending  on  the  option. 

Note:  For  resolver  option  for  the  STM1683  transformer,  port 
number  is  RTM1683. 

The  pin  out  and  dimensiiHis  of  the  STM16to  and  STM1683  are 
shown  on  the  next  page,  and  the  connection  to  the  converter  in 
Figure  10. 

Note:  For  operation  over  the  frequency  range  47Hz  to  440Hz  a 
similar  set  of  transformers  are  available  (1 .0"  profile  hdglu:); 
Part  numbers  are  STM1660  (reference  transformer)  and 
STM1663  (output  transformer). 


Figure  10.  Connecting  the  DRC1745  to  the  STM1680  and 
STM1683  Transfortrtbrs 

RESISTIVE  INPUT  SCALING 

The  analog  reference  input  can  be  externally  resistively  scaled  to 
cater  for  a  wide  range  of  voltage  both  when  used  with  or  without 
the  reference  transformer,  STM1680/STM1660. 

When  the  converters  are  used  with  the  STM1680/STM1660 
transformer,  a  resistance  of  value  3kn  per  extra  volt  required 
should  be  inserted  in  the  Ahi  line.  Care  should  be  taken  to 
ensure  that  the  voltage  on  the  analog  input  (Ahi,  Alo)  's  3.4 
volts  rms  in  order  to  provide  a  full  scale  analog  output.  The 
maximum  output  voltage  of  the  converter  is  proportional  to  the 
input  voltage  (gain,  of  2)  and  therefore  the  resistor  tolerance 
should  be  chosen  so  that  the  correct  voltage  appears  across  the 
Affli  Aijo  pins.  Note  that  the  input  to  the  reference  transfonna- 
should  not  exceed  the  rated  max. 

Note  that  the  best  dc  output  offset  performance  is  achieved 
when  the  STM1680/STM1660  transformer  is  used.  However  the 
use  of  resistive  scaling  can  never  cause  »&  ilddMmri  sAset  of 
greater  than  6.SinV  (max),  2.6mV  (typ). 

OTHER  PRODUCTS 

We  manufacture  a  wide  range  of  hybrid  and  modular  circuits 
for  processing  synchro  and  resolver  information.  Please  ask  for 
our  comptdiensiye  literature.   
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PACKAGING  SPECIFICATIONS 

Dimeosidns  shown  in  inckes  and  (mm). 
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DRCI745/LT4/B 
1745  =  14-Bit  Resolution 


1746  =  16-Bit  Reiohuion 


L  -  Low  power  Schottky- 

iiipui  latches 

C  =  CMOS  input  latches  — 


Add  B  after  part  number 
if  high  reliability  processing 
required. 

 2 =±2  Arc-Mins  Accuracy 

 4 =±4  Arc-Mins  Accuracy 

T  =  Intenial  TranaZorb  protectkHi 

O  =  Without  TransZorb  protection 


1680  »  360Hz -2.6kHz 


STM  for  synchro  - 

output  options 


RTM  for  resolver- 


16S3  -  36lffilx-2.6kHz- 


STM1680.A 
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26V   (26V  reference,  synchro) 

—  A  ■>  IISV  (IISV  cefoaicc,  synchro) 
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 Y  -  1  360Hz  to  2.6kHz  (STM1683  oaly) 

Y  -  2  47H2  to  440Hz  {STM1663  only) 
4  =  -55Xto  +  12SX  opentin( 


3*^74  s/mmNMmmfts 


REV.  A 


ANALOG 
DEVICES 


Hybrid  Inductosyn  Preamplifier 


IPA1764 


FEATURES  _ 

Hybrid  Construction  ~  j"' 

Phase  Shift  <S°  ; 

Phase  Match  <1° 

Load  Capacity  lO.OOOpF 

Fuil  IMilitary  Temperature  Range 

APPLICATIONS 

The  IPA1764  is  recommended  for  use  with  the 
1S10/20,  1314/24  and  other  10-  and  12-bit 
lnductosyn*/Rasolver-to-Dlgitel  Cctnw«cters.    -        -  - 

GENERAL  DESCRIPTION 

The  output  signals  from  an  Inductosyn  slider  are  at  a  low  level 
of  the  order  millivolts  and  require  amplification  and  buffering 
before  transmission  to  an  Inductosyn-to-digital  converter.  The 
IPA1764  prpvi^  ^ij^ees^ry  gain  and  oiitpat  impedance  for 
this  purpose. 

Any  gain  mismatch  in  the  two  channels  amplifying  the  sine  and 
cosine  outputs  of  the  Inductosyn  slider  contributes  to  the  system 
error.  The  IPA1764  with  a  0.15%  gain  match  over  the  temperature 
range  only  contributes  an  error  of  0.23  micron  using  a  2mm 
pitch  Inductosyn.  By  carefully  controlling  phase  mismatch  to 
less  than  1°,  the  error  contribution  is  only  0.2  micron  in  a  2mm 
pitch  Inductosyn. 

The  IPA1764  with  an  ou^ut  resistance  af  less  than  3  cilldis  auA 
a  capability  of  ddving  a  cable  capacity  of  10,OOOpF  is  totally 
suited  to  machine  tool  applications  w^ere  the  Inductosyn-to-digital 
converter  is  remote  firom  the  measitring  Inductosyn. 

The  IPA1764  is  of  hybrid  manufacturing  techniques,  and  available 
in  two  temperature  range  versions-industrial  temperature  range 
(0  to  +  70°C)  and  extended  trniperature  range  ( -  S5°C  to 
+  I25X). 

Both  versions  of  the  IPA1764  are  housed  in  an  18-pin  metal 
case. 

APPLICATION 

The  diagram  below  shows  a  "hookup"  with  the  preamplifier, 
power  oscillator  and  a  1S60  with  an  Inductosyn.  Precise  application 
information  is  not  possible  as  the  Inductosjin  in  its  application 
has  many  variables. 

Current  Set  Resistor 

This  resistor  is  used  to  match  the  voltage  output  of  the  oscillator 
to  the  Inductosyn  track  resistance  and  provide  the  manufacturer's 
reconunended  current.  By  variation  of  the  voltage  outputs  and 
current  resistance,  track  by  this  up  to  approximately  10  feet  (3 
meters)  can  be  accommodated. 

Decoupling 

The  preampUfier  and  oscillator  have  internal  high  frequency 
decoupling  capacitors  on  the  supply  lines,  however,  it  is  recom- 
mended that  elecuolytic  decoupling  capacitors  are  connected 
close  to  the  .  . 

*&iducto«3m  is  a  i^ttMtf  MilcnMt  aC^Wm4 


OUTLINE  DIMENSIONS 

Dimensions  shown  in  inches  and  0^^)' 
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IPA1764 


(6.351 

0.1  (2.54)  - 

-0.8(20.32)- 
PIN  ONE  {GREEN  GLASS  BEAD} 


\oooooooo 

T  "  ^ 


AU.  UNMARKED  PINS 


0.018  ±0.002 
(0.511'MAX 

.«-,o.e  t^5>4i— » 


ORDERING  INFORMAIWN 

IPA1764      X      60  B 


—High  Reliability  Processing 

-X  =  5      0  to  -l-70°C 

Operatii^  Tranperature  Range 


-X  =  4      -55°Cto +125°C 

Operating  Temperature  Range 


:M<EVyA 


IPA1 764- SPECIFICATIONS  (.^«.. 


@  +25°C  over  full  range  of  pomr  supply  Inputs  unless  othenrise  noted) 


Model 

IPAI764/560 

IPA1764/460 

GAIN 

1250  ±5% 

* 

.GAIN  MISMATCH 
C3iaiinel  to  Channel  Over 

Full  TemneraTure  Rnnffp 

±  0. 15%  (equivalent 

\.\J  *t  t  J  Al\r  UUUAj           -     -  -   

±0.3%    -  ^ 

PHASF  SHIFT 

* 

PHASE  MISMATCH  ?iat  ii'->a\m  «  . 
Channel  to  Channel 

<i° 

* 

CROSSTALK 

<0.1% 

* 

OPERATING  FREQUENCY 

lOkHz 

INPUT  RESISTANCE 

Skn±IO% 

* 

OUTPUT  RESISTANCE 

<5n 

MAX  LOAD  CAPACITY 

lO.OOOpP  ~ 

MAX  SIGNAL  OUTPOT  LEVEL 

3Vrms 

* 

POWER  SUPPLIES 
Voltage 
Current 

±  12V  to  ±  15V 
±  /umA  max 

* 

TEMPERATURE  RANGE 
Operating 

Oto  +70°C 

-55°Cto+125'>C 

SIZE 

0.775"  X  0.975"  X  0.175" 
(19.7inin  x  24.8iiiin  x  4.5iiim) 

» 

WEIGHT 

0.2S<»s(7gtains) 

* 

VIS  .  ■■ 


NOTES 

•Spccificatiaii  aune  ■•IPA1764/S60. 
Spedficukmsubjecttsdiaiv 


ABSOLUTE  MAXIMUM  VAL^S  WITH  RESPECT  TO 
SUPPLY  GROUND 

Sin  and  Cos  I/P   .  .   +V 

+  V  Pin   +I7V 

-VPin  -I7V 

Sin  and  Cos  O/P  Ik  Load   +10V 

Indefinite  Short  Circuit  Proof  ~ 


CURHENT  SET  RESISTOR  - 


LJU> 


6600600 


000000000 


ruiiinJiri 
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Use  of  1S20  with  Inductosyn  Preemplifier  lPJ\\7^H\0rM 
Power  Oscillator  OSCnsa 
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DEVICES 


Hybrid  Power  Oscillator 


0SC1758 


FUNCTIONAL  BLOCK  DIAGRAM 

REF1 


FEATURES 

Full  Military  Temperature  Range 
Hybrid  Construction 
18-Pln  DIL  Package 
0-IOkHz  Frequency  Range 
In-Phase  and  Quadrature  Outputs 

APPLICATIONS 

Synchro  Resolver,  and  Inductosyn®  Excitation 
LVOT  Drive  T 


GENERAL  DESCRIPTION   

The  OSC17Sg  is  a  hybrid  sine/cosine  power  oscillator  which  can 
provide  a  TnaTrimiim  power  output  of  l.S  Watts,  over  0  to 
lOkHz. 

The  device  comprises  two  independent  parts-an  oscillator  and  a 

power  amplifier. 

The  oscillator  stage  has  two  signal  outputs,  one  90°  in  phase 
advance  with  respect  to  the  other. 

The  oscillator  frequency  is  programmable  in  the  range  of  0  to 
lOkHz  by  two  identical  external  capacitors. 

The  power  amplifier  stage  is  externally  short  circuit  protected 
and  has  a  gain  of  2:8  ±1%.  The  maximum  output  current  this 
stage  can  produce  is  21SmA  rms  (at  TV  rms). 

Connecting  either  of  the  oscillator  stage  outputs  to  the  power 
amplifier  input,  using  an  external  link,  will  give  a  nominal 
output  of  7  volts  rms.  Lower  voltages  can  be  obtained  by  connecting 
an  external  resistor  in  series  with  the  amplifier's  inputs. 

The  OSC1758  is  housed  in  an  hermeticaily-seaied  18-pin  DIL 
metal  case,  and  operates  over  full  military  temperature  range 
(-55°C  to  -l-125°C),  as  well  as  the  industrial  (0  to  +70°C) 
temperature  range. 

MODELS  AVAILABLE 

The  OSC1758  is  available  in  both  industrial  and  miUtary  tem- 
peratiue  ranges.  For  details  of  how  to  speafy  tbe  required  part, 
see  "Ordering  Information". 

CONNECTING  THE  OSCI758 

The  block  diagnm  shows  the  output  configuration,  when  using 
the  power  amplifier  stage.  If  only  the  oscillator  stage  is  required, 
the  connection  between  pin  3  and  pin  7  is  not  included. 

The  frequency  of  oscillation  for  the  OSC17Sg  in  the  block  diagram 
is  determined  by  the  two  identical  capacitors  CI  and  C2.  For 

This  two-page  data  summary  contains  key  specifications  to  speed  your  selec- 
tion of  the  proper  solution  for  your  application.  Additional  tDfoimation  on  this 
product  can  be  obtained  from  your  local  sales  ofiBce. 


-1SV  ov 


the  frequency  required,  the  value  of  CI  anAOvdumld  be  calculated 
using  the  foUowmg  equation. 


C,  =  C2  = 


Fosc  X  105 


Farads 


Where  Fosc  =  Frequency  of  oscillation  in  Hz. 

For  a  reduced  output  a  series  resistor,  Rs,  must  be  added. 

For  the  required  output  voltage  Rs  should  be  calculated  as 
follows: 


37.5x10^ 
VoutCi™*) 


SSSOOlmjs 


STABILItT 

To  ensure  stability  of  both  frequency  and  voltage  level  outputs 
it  is  essential  that  good  quality  external  capacitors  are  used, 
e.g..  Silver  Mica  or  Polystyrene. 

The  tolerance  quoted  in  the  specification  applies  if  high  grade 
Silver  Mica  capacitors,  with  a  temperature  coefficient  of  1^ 
than  SOppm/°C,  and  a  low  loss  factor,  are  used. 

POWER  DISSIPATION 

The  thermal  diiapMlM  diaracteristics  for  the  OSC17S8  are  as 
follows: 

6  jimction  -  case  =  15°C/W 
e  jimction  -  ambient  =  40°C/W 
e  i  (max)  =  150°C. 

Total  Power  Dissipation  = 

(VstOTLY  X  Isuppi-y)  -  (Votrr  xlotjr  x  cosine  <)>) 
where  <|>  =  load  phase  angle 

NOTE:  Although  the  power  amplifier  stage  has  internal  short 
circuit  protection,  a  heat  sink  should  be  employed  for  protection 
against  continuous  short  circuit  conditions. 

Indnctosyil®  isaregisteiedtfademailtof  Farrand  Industries,  Inc. 
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0SC1758-SPECIFICATI0NS 


(typical  @  +25°C  with  ±15V  power  supplies  unless  otherwise  noted.) 


Model 


frec^kncyrange' 


FREQUENCY  STABILITY'-^ 


REFERENCE  1  OUTPUT' 


REP1RENCB20UTPUT^ 


AMPLIFIER  OUTPUT' 


CAPACITIVELOAD 


AMPLIFIER  GAIN' 


AMPLIFIER  INPUT  RESISTANCE 


POWER  DISSIPATION 


POWERilM^f  1 


TEMPERATUIQSiyilifE 
Operating  ' 
Storage 


SIZE 


WEIGHT 


OSC17S8/S00 


±5% 


2.5V  rms  ±  5%  @  3raA  rms 


2.5V  rms  ±  5%  @  3mA  rms 
90°  Phase  Advanced  with  Respect  to 
Ref .  1  Output 


TV  rms  @  2 1  SmA  max 


lOnFCmax) 


2.8  ±  1% 


5.35kn  ±1% 


4.0  Watts  (max) 


±15V 

60mA  (max)  No  Load 
160mA  (max)  FuU  Load 


0to+70°C 
-65°Cto  +  150°C 


0.975" X 0.775" X  0.175" 
(24.8mm  x  19.7mm  x  4.Smm) 


0.2SOZ8. 
7gnms 


OSC17S8/400 


-5S°Cto  +  12ft: 


NOHES 

*Over  fall  opeiating  temperacure  range. 
^See  section  on  "Stability". 

'Dexaced  to  SV  rms  @  21SinA  if  using  ±  12  volt  power  supply, 
^ill  operate  with  ±  12  volt  power  supply  with  derated  output  voltage. 
•Specificalion  nmraa  OSC175a<S00 
Specificatknt  mbject  ID  change  ^ttaout  notice. 


ABSOLUTE  MAXIMUM  VALUES  WITH  RESPECT  TO 
SUPPLY  GROUN0  "^"'^  "  ""  " 

+  Vs  -0.3V  to  +18V 

-Vs  +0j3Vto^l8V 


ORDERING  INFORMATION 

OSC1758      X  00 


B 


-  High  Reliability  Processing 

-X  =  5      Oto+70^    r-  -  '. 

OperatingTemperatuieRange 

-X  =  4      -55Xto  +  125°C 

Operating  Temperature  Range 


OUTLINE  DIMENSIONS 

Dimenabns  shown  in  inches  and  (mm) 


-0.8  (20.32) — 
PIN  ONE  (GREEN  GLASS  BEAD) 


\oooooooo 
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■f        O     I        <   oc  u 
OOOOOOOOO 


-  0.975  (24.7fi5|- 


1 

0.018  ±0.002 

tO.S1)MAX 

•m-OJB  (15.24)— w 
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TOl£ilANCES  ±O.0M  (a.13niml  UNLESS  OIWHWISE  STAIED 
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12- and  14-Bit  Hybrid  Synchro/ 
Resolver-lo-Digital  Converters 


FEATURES 

Internal  Isolating  i^rjiin^prmars 

Military  Temparature  Range 

Three  Accuracy  Options 

tf^nt  or  12-Bit  Resolirtion 

(figlv  ContiQWiQm  Trait^ng  Rate 

33i-nn  Vtfelded  iMatal  l^adaige 

HiMineticaliy  Sealed 

Itotiomebfc  Conversion 

l-aser  Trimmed  -  No  External  Adjustment 

Three-State  LMctied  Outputs 

APPLICATIONS 

Flight  Instrumentation  Systems 
MilltatY  Servo  Control  Systems 
Artillery  Fire  Control  Systems 
Avionic  Systems 
Antenna  Monitoring 
Debotics 

Engine  Controllers 
Coordinate  Conversion 
Axis  Transformation 
e|iai^ehihete«iMi 
'  PiMiMS'-Coiilral- 


FUNCTIONAL  BLOCK  DIAGRAM 


GENERAL  DESCRIPTION 

The  SDC/RDC1740/1741/1742  are  hybrid  14-  or  12-bit  conti- 
nous  cracking  synchro  or  resolver  to  digital  converters  contained 
in  32-pin  welded  metal  packages.  In  the  core  of  this  hybrid  the 
conversion  process  is  performed  by  a  monolithic  IC  manufac- 
tured in  Analog  Devices  proprietary  BiMOS  II  process  that 
combines  the  advantages  of  CMOS  logic  and  bipolar  high  accu- 
racy linear  circuits  on  the  same  chip.  Internal  isolating  micro- 
transformers  are  used  to  provide  true  isolation  of  the  signal  and 
reference  inputs.  The  14-  or  12-bit  digital  word  is  in  a  three- 
state  digital  form  available  in  two  bytes.  Using  separate  EN- 
ABLE inputs  for  the  most  significant  8  bits  and  the  least 
significant  6  or  4  bits  not  only  simplifies  multiplexing  of  more 
than  one  device  onto  a  single  data  bus,  but  also  enables  the  IN- 
HIBIT input  to  be  used  without  interrupting  the  operation  of 
the  tracking  loop.  The  converters  are  hermetically  sealed  in  a 
32-P&1  welded  metal  fm^mee. 


UP  REF  HI  ( 
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RESISTORS 
AND 
MICRO- 
TRANS- 
FORMERS 


R-T(M) 
SUPPLIES 

hUTCH 
CONTWX. 


■6-v. 


,  1     2    3     4     5    B    7  8 


B    10  11  12    13  14 


 ■  •  \y — ;  •    •■r.  '  ^    - . ■ 

1*-  OR  la-BfT  DIGITAL  OUTPUT  WORD 

IWODELS  AVAILABLE 

The  three  synchro/resolver-to-digital  converters  described  in  this 
data  sheet  differ  primarily  in  the  areas  of  fesolutioa,  a^Boracy 
and  dynamic  performance  as  follows: 

Model  SDC1740XYZ  is  a  14-bit  converter  with  an  overall  accu- 
racy of  ±5.3  arc  minutes  and  a  resolution  of  1.3  arc  minutes. 

Model  SDC1741XYZ  is  a  12-bit  converter  vrith  an  overall  accu- 
racy of  ±15.3  arc  minutes  and  a  resolution  of  5.3  arc  minutes. 

Model  SDC1742XYZ  is  a  12-bit  converter  with  an  overall  accu- 
racy of  ±8.5  arc  minutes  and  a  resolution  of  5.3  arc  minutes. 

Each  model  has  two  operating  temperature  range  versions,  those 
covering  the  industrial  temperature  range  (0  to  -f70°C)  and  the 
military  temperature  range  (-55°C  to  +125°C).  The  XYZ  code 
defines  the  option  as  follows:  (X)  signifies  the  operating  temper- 
ature range,  (Y)  signifies  the  reference  frequency,  (Z)  signifies 
the  signal  and  reference  voltage  whether  it  will  accept  synchro 
or  resolver  format.  To  ensure  a  high  level  of  reliability  each  con- 
verter receives  stringent  precap  visual  in^jection,  ettvUwflidgpatgt  j  ■■ 
screening  and  final  electrical  test. 

MiUtary  temperature  range  devices  and  those  processed  to  high 
reliability  screening  standards  (suffix  B)  receive  further  levels  of 
testing  and  screening  to  ensure  high  levels  of  reliability.  More 
information  about  the  optipn  codes  is  given  under  the  heading 
Ordering  Information.  , 
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SDC/RDC17'» 

Uaib 

Comments 

Note* 

£3.3  max 

±15.3  max 

±8.5  max 

arc  min 

Tracking  Rate 
Residaiion 

27  min 
14 

(1  LSB  =  1.3 

18  min 
12 

4l«SB  «  S.3 

** 
** 
** 

tev/s 
Bits 

OuQwt  Coding  Parallel 

'4  -1 

1 

Signal  &  Reference  Frequency 

arc  min) 
400 
2.6 
1 

130 

* 

* 

Hz 
kHz 
LSB 
Hz 

Option  XIZ 
Option  X4Z 

Repeatability  of  Position  Output 
Bandwidth 

* 

150 

* 
** 

4 
4 

SIGNAL  INPUT  IMm>ANCE 
90V  Signal 
26V  Signal 
11.8V  Signal 

200 
57.7 
26 

* 
* 

* 
* 

kn 
kn 

ku 

Resistive  Tolerance  ±2% 

4 
4 
4 

REFERENCE  INPUTS 
Reference  Voltage 
Reference  Impedance 

115V  Ref 

26V  Ref 

11. 8V  Ref 

11*8,  Wis- 

120 

27 

12.3 

* 

* 
* 
* 

* 
* 
* 

Vniu 

kn 
kn 
kn 

See  Ordering 
Information 

Resistive  Tokraace  ±5% 

4 
4 
4 

finnnn 
suuuu 

** 

sec 

Cwmknl  V 

dymooi  ^( 

A 
1 

LARGE  STEP  RESPONSE 

85  OT 
100  max 

60typ 
75  max 

** 
** 

mt 

ma 

179°  Stq>  for  Settling  to 
1  LSB  of  Error 

1,3 

POWER  LINES 
+Vs=*19(t"  «!«b  raravn- 
-Ws-^ISV  — — 
Vi.=+5V 

28  tjfp  3S  max 
28typ  35  max 

35  tvi^  56  max 

* 
* 

* 

« 
* 

mA 
mA 

Quieacent  Condition 
Quiescent  Condition 

1.3 
1,  3 

1,  3 

Power  Dissipatioii 


DIGITAL  INPUTS  (INHIBIT, 
ENABLE  L,  ENABLE  M) 

V  (Input  High) 

V  (Input  Low) 
I  (Input  High) 
I  (Iiiput  Low) 


2  min 
0.7  max 
20  max 
-400  max 


Vdc 
Vdc 


Vl=+5V 
Vl=+5V 
V„=2.4V 
ViL=0.4V 


1.  3 
1,3 
1,  3 
1.3 


ENABLE  A^:PS49];.£  1P|E 


80i 


Sense  ' 

Time  to  Data  Stable  (after 
Negative-Going  Edge 
of  mjUBIT)  .    .  .  , 


Logic  Low 
toDlHIBIT 


640  max 


•Utti  jm  BO  - 
•"cnn  oi  bat  i 
f  TO-*!  al 
I'l  ^Hflkvi 


BUSYOUTTOT 

Sense 

Timing 

Width 


Load 


400  typ 
200  min 
600  max 
2  min 


Active  Logic  High  when  ccmverter  position  output  changing, 
j^o^ve  going  edge  sons  before  change  in  position  output.  .  '  •  , 

.s^asbat)  is;: 

ns 

TTL 


DIGITAL  OUTPUTS 
Voltage  Levels 
Logic  Hi^ 

Logic  Low 

Load 


2.4  min 
0.4  max 
6iiux 


Vdc 
Vdc 
TTL 


Vl=+5V, 
1ob=-240mA 
Vl=-h5V 
IoL=9-6mA 


1.3 
i>3 
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Paraineter 

Units 

Commeots 

Notes 

OPERATING 

* 
* 

°c 

TEMPERATURE  RANGE 
Option  5YZ 
Opdon  4YZ 

0  to  +  70 
-55  to  +125 

* 
* 

1.74x1.14x0.28 
(44.2  x  28.9x7.1) 

* 

* 
* 

Inch 

mm 

See  Package 
Infomutkm    , , 

4 

t 

wEKarr.-.v.     -    j,,:  .,  mi  > 

* 

* 
* 

oz 

■  —'■ ,-  ■,'  iji 

© 

6T 

1  4 

1 

NOTES 

'Specified  over  the  appropriate  operating  temperature  range  and  for:  (a)  ±10%  signal  and  reference  unplitiide  variation;  (b)  ±  10%^Jilgtoi^id  reference 
faannonic  distortion;  (c)  ±5%  power  supply  variation;  (d)  ±10%  variation  in  r^rence  frequency.  ^' 

^ENABLE  M  enables  most  significant  8  bits.  v  Xiwi  \*) 

ENABLE  L  enaUes  least  significant  4  bits  (or  6  bits  for  SDC/KDC1740).  ^ 

'I00%testedatnoinin>IvaIiie9(^pcMB^iCflMa^,i|fMI^  ': 

^GoaiaOteed-bydengB'^^^     r  ■  Mirrf?  |  "l^AO  |     K  !  ikI  (u, 

*SpecificationssaineasSDC/RDC1740.  ,-. 
••Specifications  same  as  SDC/RDC1741 . 
Spedficatioas  subject  to  change  without  notice. 


©  i 


ABSOi..UTE  MAXIMllMRilXIMGS  ' 

+Vs'  to  GN©.  !!c  .  .  .  i  .  .  .  iOt'J  j  + 17.25V  dc 

-VstoGND  -  17.25V  dc 

+Vl^  to  GND  +7V  dc 

Reference  Input  HI  to  GND  ,+JSOV  dc 

Reference  Input  LO  to  GUtj  ,  .  .  i   .±3«)V  dc 

Common  Mode  Range  I75V  rms 

SI,  S2,  S3,  S4  to  GND  ±350V  dc 

Any  Logical  Input  to  GND  -0.4V  to  +Vl 

Case  to  GND  ±20V  dc 

Storage  Temperature  Range  -65°C  to  +150°C 

CAUTION: 

'Correct  poluity  voltages jnusi  be  mainained  on  the  +\s  and  -V^  pins. 
Tlte  +5V  po,»^  ggJt|^g,|*i,«ro  po«^^. 


 ,    ,  J7-^:  /[■ 

NOTE  -       ■  1 

Absolute  mmumum  ratings  are  those  values  beyond  which  damage  to  the 
device  may  occur. 


I 


OUTLINE  DIMENSIONS 

Dimensions  shown  tn  inches  and  (mm). 


□ ANALOG 
DEVICES 

MEMORY  DEVICES  DfVN. 
MMDE  m  BIGLAND 


-  PIN  1  IDENTIFIER 


niiiiiiiiiiim 

010  {ZS*)  TYP 


]i 


Tt 

■  OJDK 


BOTTOM  VIEW- 


/ 


GIASSBEAD 
STANDOFFS 
~  0.08  DIA.  ±<MIIO 
(2.03  DIA.  ±0.2641 


WD  COMVEBTERS  3-121 


I'iN  CUJNMUUKAllUN 


(MSB)  BIT  1 
BIT  2 


♦*  BIT  5 
BIT  6 
BIT? 

DOItW^?^     BIT  B 


BIT  9 
BIT  10 


f  BIT  13 
L  81114 


UP  REFERENCE  HI 


o 
© 

IT" 
0 
© 
© 
0 
© 
© 
® 

© 
@ 
© 
© 
© 


SDC/RDC 
1740/1741/1742 
TOP  VIEW 
(Not  to  SCB|«| 


® 
© 
@ 
® 
@ 
@ 
© 
© 
© 
© 

© 
© 

© 
© 


INHIBIT 
BUSY 


ENABLE  M 


ENABLE  L 

N/C 

CASE 

M/C 

NIC 

SI 


NOTE  1 ,  FOR  THE  RESOLVER  OPTION  PIN  17  IS  84. 

FOR  THE  SYNCHRO  OPTION  PIN  17  IS 
NOT  CONNECTED. 


Bit  Numbet  |j 

Weight  in  Degrees 

1  (MSB) 

180.0000 

2 

90.0000 

3 

45.0000 

4 

22.5000 

J  .      J .. 

11.2500 

5.6250 

7  1 

2.8125 

8  ^■:j3t^~ — ti 

1.4063 

9 

0.7031 

10 

0.3516 

11 

0.1758 

12  (LSB  for  1741/1742) 

0.0879 

13 

0.0439 

14  (LSB  for  174Q) 

0.0220 

PIN 
Kn 

1-14 

1-12 

15 
16 

17 

18 
19 
20 

21 

22 

23 

24 

25 


FUNCTION  DJiSCRlFllUN 
Mnemonic  Descrq)tion 


28 

29 
30 

31 
32 


Bit  1-14  (1740) 

Bit  1-12  (1741/1742) 

REF  LO 
REFHI 

S4  0RN/C  Tiii^ 

.S3,  V     -  - 

S2 

SI 

N/C 
N/C 
CASE 

N/C 

ENABLE  L 
ENABLE M 


fetJSY 


INHIBIT 

ov  GNfii"'"''  ■ 

-Vs 

+v. 


Barallel  ou^tn  <Ia%^ 

,\V!  • 

Input  pm  tax  Ae  ds^msej^nal. 


■>i.  ,  -tO 


'S4  ^goai  t^H:  for  ResolVef 
optiw.  MK.  iUr  ^nucbio  option. 

Synchro/Resolver  input  signals. 
No  Connection. 

ShouM  be  coi^*«  tb' OV  GN0. 

No  Connection. 


ENABLE  L  enables  the  6  or  4 
least  significant  bits. 


ENABLE  M  enables  the  8  most 
significant  bits. 

Logic;  High  s^^  &k  out|nit>iata  ' 
bits  to  a  high  impedahce  stitte;  ii 
Logic  Low  presents  the  date  in  the 
latches  to  the  output  pin$. 

Converter  busy.  A  Logic  High 
output  indicates  that  the  output 
latches  are  being  updated  and 
data  should  not  be  transferred. 

Logic  Low  inhibits  the  data 
transfer  from  the  counter  to  the 
output  latches. 

Main  positive  power  supply, 

I'ower  supply  groimd. 

Main  negative  power  supply: 

Logic  power  supply. 


Table  I.  Bit  Weight  Table 
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SDC/RDC 
1740/1741/1742 


R-TO-D 
SUPPLIES 

MATCH 
CONTROI. 


O+V, 

<!)-v, 


i       !  .  ■  V  ::' 
(ft  ;'jq>UD  3d3  1>         I.  ! 

><7iii  7t!)  fKwffly  ...1  jj.  ^  '  ■  A 

..■iru  »i  Y2Ua  A  .JI'r<W  fTT 
r>i  ni.1o  inaiiiiviu';-.  :j 


1 


HIGH-BYTE 
3-STATE  BUFFER 


3i 


4    5    S    7  8 


9    10   11   12   13  14 

LSB  I 


 V  

14.  OR  12-BIT  DIGITAL  OUTPUT  WORD 


tTt  pgurel.  Fui^ctional  Diagram  of  the  SDC/RDC1740/1741/1742 


THEORY  OF  OPERATION 

In  the  synchro-to-digital  converter  configuration,  the  3-wire  syn- 
chro output  sbauiA     connected  to  SI,  S2  and  S3  on  the  limi: 
and  the  Scott  T  transCbnner  pair  will  convert  these  signals  into 
resolver  format,  i.e., 

V,=KEo  sin  ut  sine  (SIN) 
V2=K  Eo  sin  cot  cos  9  (COS) 

where  6  is  the  angle  of  the  synchro  shaft. 

In  the  resolver-to-digital  converter  configuration,  the  4-wiie 
lesolver  output  should  be  connected  to  SI,  S2,  S3  and  S4  on  the 
unit  and  iije?tCT«iiBfiBi»iit«sJlL86t;pMi!efef  »s  is0la*^     .„  .,, 
To  understand  the  conversion  process,  then  assunie  ;hat  the.cur- 
rent  word  state  of  the  up-down  countler  is  <)).      '        ■  '    '  ' 

V,  is  multiplied  by  COS<t>  and     is  multiplied  by  SIN<|)  to  give: 

K  Eq  sin  cat  sin  6  cos  .  :  i 

and  K  Eq  sin  (lit  cos  6) ^n  ^.  ,.i  ■-  .    r  t 

These  signals  are  subtracted  by  the  error  amplifier  lo.^ve:  .i 

K  Eo  sin  mt  (sin  6  cos  ((>  -cos  8  sin  <|)) 
or  K  Eo  sin  cot  sin  (S-<t>). 

A  phase  sensitive  detector,  integrator  and  voltage  controlled 
oscillator  (VCO)  form  a  closed  loop  system  which  seeks  to  null 
sin  (e-4>).  The  digital  output  (counter  <()),  then  represents  the 
synchro/resolver  shaft  angle  9  within  the  ipedfisd  acquraty  of 

the  converter.  ' 


INHIBIT  INPUT 

The  INHIBIT  logic  input  only  inhibits  the  data  transfer  from 
the  up-down  counter  to  the  output  latches  and,  therefore,  does 
not  interrupt  the  operation  of  the  tracking  loop.  Releasing  the 
INHIBIT  automatically  generates  a  busy  pulse  to  refresh  the 


ENABLE  INPUTS 

The  ENABLE  inputs  determine  the  state  of  the  output  data.  A 
Logic  High  maintains  the  output  data  pins  in  the  high  imped- 
ance condition,  and  application  of  a  Logic  Low  presents  the 
data  in  the  latches  to  the  output  pins.  ENABLE  M  enables  the  ' 
most  Mgnifiew J  bits,  whil«  ENABLE  L,  enables  the  least ,»g-' 
rfea«  4iW%(Stei8.itt,thfeJljai^  - 
the  ^ABLE  inputs  has  noiriiemi^riwMnwMon  process., 

DATA  TRANSFER   

Data  transfer  can  be  aecom^shed  WE#<^tt»  the  INHIBIT 
input  or  the  trailing  edge,  |»sitive  m.Xg^00m  transiticm  of  the 
BUSY  pulse  output, 

TTie  data  will  be  valid  640ns  after  the  apphcation  of  a  Logic  Lo 
to  the  INHIBIT  input.  This  is  regardless  of  the  time  when  the 
INHIBIT  is  applied  and  allows  time  for  an  active  busy  pulse  to 
dear.  By  usii^  the  ENABLE  M  and  ENABLE  L  inputs  the 
tw)  byt«s  of  ^ta      be -wan^red!  after  which  the  INHIBIT 
^ould  be  rMumed  to  a  Logic  Hi  state  to  enable  the  output' 
larches  to  be  updated. 


MAX  DEPENDS  ON 
600ns  MAX    I        INPUT  BATE  I 

200ns  MIN  'I'  *l 


50ns 
MIN  " 


DATA  VALID 


200ns 
MAX 


Figure  2.  Timing  Diagram 
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BUSY  OUTPUT 

The  validity  of  the  output  data  is  indicated  by  the  state  of  the 
BUSY  output.  When  the  input  to  the  converter  is  changing,  the 
signal  appearing  on  the  BUSY  output  is  a  series  of  pulses  at 
TTL  levels.  A  BUSY  is  initiated  each  time  the  input  moves  by 
an  analog  equivalent  of  an  LSB  and  the  internal  counter  is 
incremented  or  decremented  or  the  INHIBIT  input  is  released. 

Typically  the  width  of  the  BUSY  pulse  is  400ns  during  the  posi- 
tion data  output  updates.  The  trailing  edge,  positive  to  negative 
transition,  of  the  BUSY  pulse  indicates  that  the  position  data 
output  has  been  updated  and  is  ready  for  transfer  .^data  valjdX 
The  maximum  load  on  the  BUSY  output  n'ling  thfr  tlrniHlji^j^f 
of  the  BUSY  pulse  is  2  TTL  loads.  '  .  '  . 

CONNECTING  THE  CONVERTER 

The  power  supply  voltages  connected  to  +V5  and  -Vg  pins 
should  be  ±15V  and  must  not  be  reversed.  The  digital  logic 
supply  Vl  is  connected  to  +5V. 

It  is  suggested  that  a  parallel  combination  of  a  0.1p,F  ceramic 
and  a  6.8m.F  electrolytic  capacitor  is  placed  from  each  of  the 
three  supply  pins  to  GND.  .  . 

The  pin  marked  CASE  is  cotmected  electrically  to  the  case 
and  should  be  taken  to  a  convenient  zero  volt  potential  in  the 
system. 

The  digital  output  is  taken  from  Pin  1  through  to  Pin  12  for 
the  SDC/RDC1741/1742  and  Pin  1  through  to  Pin  14  for  the 
SDC/RDC1740  where  Pin  1  is  the  MSB. 

The  reference  connections  are  made  to  REF  HI  and  REF  LO. 
In  the  case  of  a  synchro,  the  signals  are  connected  to  SI,  S2  and 
S3  according  to  the  following  convention: 

Esi-S3=SiiLO-ti«i  ^  <<»t^  9 

Es3-,'i2=ERi.o-RHi  sin  Mt  sin  (6+120°) 

Es2-si  =  Eri.o-rhi  sin  wt  sin  (6  +  240°) 
For  a  resolver,  the  signals  are  connected  to  SI,  S2,  S3  and  S4 
according  to  the  following  convention: 

Esi-sii=ERi,o-RHi  sin  wt  sin  6 
Es2-s4  =  Erhi.ri.o  sin  ojt  cos  6 


The  BUSY,  INHIBIT  and  ENABLE  pins  should  be  connected 
as  des(sMl.im4%>tta'.hni^Bg:GKt»i^iainsfer. 

RESISTIVE  SCALING  OF  INPUTS 

A  feature  of  these  converters  is  that  the  signal  and  reference 
inputs  can  be  resistively  scaled  to  acconunodate  any  chai^  of 
input  signal  and  reference  voltages. 

This  means  that  a  standard  converter  can  be  used  with  a  person- 
ality card  in  systems  where  a  wide  range  of  input  and  reference 
voltages  are  encountered. 

Note:  The  accuracy  of  the  converter  will  be  affected  by  the 
matching  accuracies  of  tesistors  used  for  external  scaling. 

To  calculate  . the  Vahies^of  the  external,  scaling  rei^stors  in  the 
case  of  a  synchro  converter,  add  l.llkfl  per  extra  volt  of  signal 
in  series  with  SI ,  S2  and  S3  and  Ikfl  per  extra  volt  of  reference 
in  series  with  RHI.  In  the  case  of  a  resdlver-tt>-digital  converter, 
add  m  '<nif'1iiWUSi^SAMtU '  Oti^mtii  atti 

IMl  per  extia  volt  off^^^ila  Mes  with  RBQ. 


DYNAMIC  PERFORAIANCE 

the  xma^a  function  tH^t  converter  is  given  bdow. 


1+  ST, 

»< 

rj- 

1  +  STj 

— e 

Figure  3.  Transfer  Function  of 

SDC/RDC 1 740/1 74 1/1 742 


Open  loop  gain: 
eouT  _  K,  1+STi 

Closed  loop  gain: 


1  +  STi 


Model  SDC/RDC1740 

Where  K.=56,000 
Tl=0.01 
T2=0.0O1525 

The  gain  and  phase  diagrws  are  shown  in  I'igures  4  and  S. 

Model  SDC/RDC174m742  '  :  1 

Where  80,000 
Tl  =0.0087 

T2  =  0.001569 

The  gain  and  phase  diagrams  are  shown  in  Figures  6  and  7. 
ACCELERATION  ERROR 

A  tracking  converter  employing  a  type  2  servo  loop  does  not 
suffer  any  velocity  lag,  however,  there  is  an  additional  error  due 
to  acceleration.  This  additional  error  can  be  defined  using  the 
acceleration  constant      of  the  converter. 

Input  Acceleration         bDJMttdiR  Tit  !i£!  i'  -       i  " 
Error  in  Output  Angle 

The  numerator  and  denominator  have  the  same  units.  does 
not  define  maximum  acceleration,  only  the  error  due  to  accelera- 
tion, maximum  acceleration  is  in  the  region  of  5  times  the  K,  ' 
figure.  The  following  is  an  example  using  the      of  the 
SDCI740. 


K  = 


Acceleration  of  50  revolutions  sec 
50x16384 
S6000 


Error  in  LSBs  = 


with  K.=56000 
14.62LSBS 

f,  j  . 


il'-l 
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Figure  4.  SDC/RDC1740  Gain  Plot 

■        j  ..'5 r  atiiiBiar.'.. 


50 

FREQUENCY  -  Hz 


50 

FREQUENCY -Hz 


Figum  S.  ^^mC1740  Phase  Plot 


50 

FRECUENCY  -  Hz 

Figure  7.  ' SBC/RDCl 741/1742  Phase  Plot 


REUABILI'TV  s     '  . 

The  reliability  of  these  products  is  very  higb  due  to  the  exten- 
sive use  of  custEHD  chip  dicuits  that  decrease  the  active  compo- 
nent count.  CalcDlaticiias  at  the  MTBF  figure  under  various 
environmental  conditions  are  available  on  request. 

As  an  example  of  the  Mean  Time  Between  Failures  (MTBF) 
calculated  according  to  MIL-HDBK-217E,  Figure  8  shoves  the 
MTBF  in  years  versus  case  temperature  in  naval  sheltered  con- 
ditions for  SDC/RDC174(V41/42. 


55         70  as 

TEMPERATURE  -  "C 


Figures.  SDC/RDC1740/41/42  MTBF  Curve 
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ORDERING  INFORMATION 


For  full  definition,  the  converter  part  number  should  be  suf- 
fixed by  an  option  code.  All  the  standard  options  and  their 
option  codes  are  shown  below.  For  options  not  shown,  please 
^*lNn|^t  Analog  Devices. 


SDC    174A    K    Y  Z 


SDC=Synchro-to-Digital  Converter  

RDC=Resolver-to-Digital  Converter 


1740-  14-Bit  Resolution^,  ^^.iSuate  rain  Accuracy 


OTHER  PRODUCTS 

Many  other  hybrid  products  concerned  with  the  conversion  of 
synchro  data  are  manufactured  by  Analog  Devices,  some  of 
^lich  are  listed  below.  If  you  have  any  questions  about  our 
products  or  require  advice  about  their  use  for  a  particular  appli- 
cation, please  contact  our  Applications  Engineering  Department. 

The  SDC/RDC1767  and  SDC/RDC1768  are  hybrid  synchro- 
to-digital  converters  with  isolating  microtransformers  similar 
to  the  SDC/RDC1740/41/42  described  on  this  data  sheet  with 
the  addiMH1|pil«s  of  ataHog  velodty  cmpot  ml  WSTimst 
output.  ^ 

The  OSC1758  is  a  hybrid  sine/cosine  power  oscillator  which  can 
provide  a  maximum  power  output  of  1.5  watts,  over  a  frequency 
range  of  0  to  lOkHz. 

The  DRC174S  and  DRC1746  are  14-  and  16-bit  natural  binary 
latched  output  hybrid  digital-to-resolver  converters.  The  accura- 
cies available  are  ±2  and  ±4  arc  mins,  and  the  outputs  can  sup- 
ply 2VA  at  TV  rms. 

•  ■J  3yu:;ii  ad?  j. :  -  , 


High-Rel  Processing 


1 

Signal 

11.8V 

Reference 

26V 

Synchro 

z= 

2 

Signal 

90\' 

Reference 

115V 

Synchro 

z= 

3 

Signal 

11.8V 

Reference 

11.8V 

Resolver 

z= 

4 

Signal 

26V 

Reference 

26V 

Resolver 

z= 

8 

Signal 

11.8V 

Reference 

26V 

Reso^r 

.  Y=  1  400Hz  Reference  Frequency 
Y=4  2.^cHz  Reference  Fieque;icy 


X=4  -55X  to  -i-125°C  Operating  Temperature  Range 
X=5  ■  0  to  -l-70°C  Operating  Temperature  Range 


ANALOG 
DEVICE 


Tachogenerator 
Output  Variable  Resolution, 
Hybrid,  Resolver-tp-Digltal  Converter 


V3P'>:.>rJ-  '.  v.- 


1S74 


FEATURES  * 
40-Pin  Hybrid 

Taehogenerrator  Velocity  Output 
Usar  Selaetabfe  RMOtaition 

DC  Error  Oufiwt  i 
Sub  LSB, Output  im^O 
Angle  Ofbet  Input 

Reference  Frequency  of  2lcHz  to  lOUte 

Logic  Outputs  for  Extension  Piteh  Coantw     i'  .  ' 

APPUCATIONS  ^'l 
Numerical  Control  of  Machine  Tools  '  '  ] 

Feed  Forward  Veleel^^ 
Robotics 

Closed  Loop  Motor  Drives  ^ 
Brusliless  Tachometry 
-Single  Boaid  tontrallera — '  - 

GENERAL  DESCRIPTION 

The  1S74  is  ii  hjltfid  device  that  oonverts  standatd  resolver 
tt^mts  to  (^til  position  and  analog  velodtjr  outjiats.  All  the 
eaientiarCditiiKS  of  multitiini  or  imiltipitch  operation  are  indtuded 
for  numerical^  lOontioUed  «n«/'l»iiw  tool  and  velocity  feedback 
applications. 

Typically,  the  input  signal  would  be  obtained  from  a  brushless 
resolver  and  the  resolver/converter  combination  gives  a  parallel 
absolute  angular  output  word  similar  to  that  provided  by  an 
absolute  encoder.  The  ratiometric  conversion  principle  of  the 
1S74  ensures  high  iioi^  mi^vini^  aii4  tpkmi^'Si  ImAimth  . : 
when  the  converter  is  at  a  distance  from  tlie  resolver. 

In  conjunction  with  the  IPA1764  preamplifier,  the  1S74  is  also 
suitable  for  use  with  Inductosyns®. 

The  output  word  is  in  three-state  digital  logic  form  with  a  high 
and  low  byte  enable  input  so  that  the  converter  can  communicate 
with  an  8-  or  16-bit  digital  highway. 

A  unique  feature  of  the  converter  is  its  internally  generated 
tachogenerator  velocity  output  offering  a  linear  voltage-speed 
relationship.  Only  one  cartCTiial  resistor  is  ia{uii«l  to  scale  the 
velocity  output  to  die  user's  chosen  v<dls/rpm  relationship. 

Rqieatability  is  ILSB  under  constant  temperatiu-e  conditions. 

The  resolution  of  the  1S74  converter  is  user  selectable  by  means 
of  applying  a  specific  binary  code  to  two  of  the  converter's  pins. 
Four  resolutions  can  be  selected,  all  operating  ov^  a  frequency 
:af2kHzt6litedIz. 


10  bit  up  to  40,800  revolutions  per  minute. 
12  bit  up,  IP  1030"  levotntirais  per  minute. 
14  bit  up.  to  2,SS0  ,levoluttons  per  minute. 
16  bit  up  to  630  revolutions  per  minute. 

r-.l  .'  .|  OOtl 


FUNCTIONAL  BLOCK  DIAGRAM 


APPLICATIONS 

The  1S74  has  been  designed  for  motor  position  control  in  the 
CNC,  robotic  and  military  fields.  The  use  of  a 
servo  loop  circuit  with  high  inherent  noise  i 
product  ideally  suited  to  these  applicatiqi^ 


USER  BENEFITS 
Allows  both  velocity  and  position  i 
low  cost,  standard,  brushless  resolver. 

80dB  dynamic  range  of  velocity  output. 
0.5%  ripple  on  velocity  signal.  .'  . 

0.1%  linearity  of  velocity  signal. 

Cost  effective  tachogeneiator/encoder  replacement.     -  -i,. 

Tracks  at  S  to  10  times  the  rate  of  eqmviteitt'tEsoIutirai  . 

encoders. 

Analog  output  for  interpolation  between  digital  codes. 

Direction  and  Ripple  Clock  (Datum)  outputs  fadlitate  revolution, 
counting. 

Hybrid  construction  ofFem^  mudl  size  and  MTK^'of  >20B^ 
years  at  50°C  GB.  .     .     •  i- 

MIL  operating  temjieiati^nmge  and  spec,  op^au  a^^uM^. 


m 
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RESOLVER  INPUTS 

Signal  Voltage 

2.0(±5%)  

-  -*'-  

■*-  

*  .  

-Vrms 

Reference  Voltage 

2.0 (  +  50% -20%) 

* 

* 

* 

Vrms  1 

Signal  &  Reference  Frequency 

2k- 10k 

* 

* 

* 

Hz 

Signal  Input  Impedance 

lO(min)  

_.*    

.*  

Mn 

Reference  Input  Impedance 

125 

kO 

Allowable  Phase  Shift 

(Signal  to  Reference) 

* 

* 

Degrees 

posrriONOUTPUT 

Resolution 

10  1 

12 

14 

16 

Bits 

ILSB 

0.3S  42«y. 

0.088 

0.022 

0.0055 

Degrees 

Accuracy  (maximum  error  over 

temperature  range)    "'"^  «^ 

5YO 

±25.0  (0.42) 

±8.5(0.14) 

±5.3(0.09) 

±4.0(0.07) 

arc-mins  (degrees) 

ftO.12  — oiw 

±0.04 

±0.025 

±0.019 

%F.S. 

4YO 

±25.0(0.42) 

±8.5(0.14) 

±5.3(0.09) 

±2.6(0.04) 

j^c-mins  (degrees) 

+  0.12 

±0.04 

Digital  Position  Output  Format 

Parallel  natural  binary 

* 

* 

* 

Load 

6  (max  1 

* 

* 

LSTTL 

Monotomcity 

Guaranteed 

* 

* 

Repeatability 

* 

* 

DATA  TRANSFER 

BusyOu^WEt 

Logic  "Hi"  when  ftSS^***** 

* 

* 

Load 

6  (max) 

■it 

* 

LSTTL 

Dusy  wiam 

jou  (.mmj  \rcisix) 

■k 

* 

* 

ns 

ENABLE  INPUTS 

Logic  "Lo"  to  enable 

■k 

* 

* 

Load 

LSTTL 

Enable  &  Disable  Tunes 

zju  ^max^ 

* 

* 

ns 

INHIBSt  INPUT 

Logic  "Lo"  to  inhibit 

* 

* 

* 

1 

* 

* 

TO 

LSTTL 

Logic  "Hi"  wl^  comiting  up,  logic  "Lo"  when  counting  down. 

Load 

6  (max) 

* 

* 

LSTTL 

Ripple  aock(RC) 

Negative  pulse  indicating  when  mtemlMaiiiftimters  change  fiom  all 

1  s  toall  O  s 

or 

vice  versa. 

6  (max) 

*  ■  .. 

LSTTL 

Widlli 

1(1  (max)  850n  (min) 

* 

* 

* 

sees  . 

DYNAMIC  CHARACTERISTICS 

^  ■ 

-  '        .-  J-  -  .; 

Tracking  Rate 

with  ±  15V  Supplies 

40,800  (min) 

10,200  (min) 

2,550  (min) 

630  (min) 

rpm 

with  ±  I2VSiq){>lies 

34,680  (min) 

8,670  (min) 

2,168  (min) 

536  (min) 

rpm 

AcEdeiatim^Qlilslailti ,  .  . 

220,000 

* 

* 

* 

sec"' 

Settling  Tune  ( 1 79°  step  mput} 

25  (max) 

35  (max) 

60  (max) 

120  (max) 

ms 

DdllUWlULU 

230 

* 

* 

* 

Hz 

VELOdTYOWBrtW"  ■ 

Polarity 

Positive  for  increasing  angle 

*     ,  -r  ■  ,  .vK 

*■             -  .... 

J* 

Tachogenerator  Voltage  SoBdiiig 

0.25 

16 

.ViflKrpm 

Scale  Factor  Accuracy 

±  1  (max) 

* 

* 

Scale  Factor  Tempco 

200  (max) 

ppm)°C' 

Reversion  Error 

±0.2  (max) 

* 

* 

* 

% 

Reversion  Error  Tempco 

50  (max) 

* 

* 

* 

ppmTC 

Linearity 

0.1 

* 

* 

* 

%  of  output 

Over  Full  Temperature  Range 

0.25  (max) 

* 

* 

* 

%  of  output 

Ripple  and  Noise 

Steady  State  (200HzBA)C) 

100 

150 

300 

1300 

p.  Vrms 

Dynamic  Ripple  (av-pk) 

0.5  (max) 

* 

* 

* 

%  of  output 

2j^o  Offset 

±500 

* 

* 

* 

M-V 

Zero  Offset  Tempco  ^ 

SO  (max) 

* 

* 

* 

M.V/°C 

OqfputLoad 

* 

* 

* 
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SPECIAL  FUNCTIONS 


dc  Error  Output  Voltage 

450 

* 

* 

mV/deg 

IntaLSB  Output 

±1(±20%) 

* 

*  ? 

* 

V/LSB 

Load 

lk(min) 

* 

* 

n--'.T 

Angle  Offset  Input  (over  opetatS^fc 

320(410%) 

temperature  range) 

* 

* 

* 

nA/LSB 

Maximum  Input 

32 

* ' 

* 

LSB  ' 

POWER  REQUIREMENTS 

^  -p 

Foiw  Strips  ao^  1  s 

1 

±Vs 

±15(±5%)or±12(±5%) 

it 

* 

Vdc 

+  5V 

+  4.75  to +5.25 

* 

* 

* 

^-Vdc 

Power  Supply  Consumption 

30(maj:) 

* 

*   

mA 

-Vs 

30  (max) 

*  "'■ 

.  mA 

+  5V 

125  (max) 

*. 

'..          ATT     "!  . 

mA 

Power  Dissipation 

1.5  (max) 

* 

* 

* 

W 

TEMPERATURE  RANGE 

<  .  -1.. 

Operating  5YO  Option 

Oto  +70                  .  i' 

-* 

* 

x: 

4YO  Option 

-55to  +  125  ^. 

* 

* 

* 

°c 

Storage  5YO  Option  ' 

-55to  +  125       :'    '  ,' 

* 

* 

°c 

4YO  Option 

-60to.  +  I50 

* 

* 

* 

°c 

DIMJgNSI9NS.  ..>j        •  iwivii;.. 

SYOOpthw        .Tiw[»i»li  wb' 

2.1x1.1x0.195 

* 

* 

* 

Inches 

(53.5x28x4.95) 

* 

* 

* 

(mm) 

4YO  Option 

2.14x1.14x0.18 

* 

* 

* 

Inches 

(54.5x29x4.6) 

* 

* 

* 

(mm) 

WEIGHT 

* 

* 

* 

oz.  (grams) 

Specifications  subject  to  change  without  notice. 
ABSOLUTE  MAXIMUM  INPUTS  (with  respect  to  GND) 
+Vsi  


+  5V^  .  . 
Reference 
Sine  .  .  . 


OV  to  +  17V  dc 
OV  to  -  17V  dc 
Wto  +6.0Vdc 
....  ±  17V  dc 
.  .  .  ±17Vdc 


Cosine  ........................    ±  I7V  dc 

Any  Logicril  Imfpx  • :  r  •  »  -  •  vT^*Yf»  «lc 

'  .  rr-         CI  ..1-1,  Vit,    r:  ..  ...  •rrj  ),  . 


CAUTION: 

1.  Correct  polarity  vobagei  moM  be  maiDtained  oit  tlJle  >^Vs 
and  —  Vs  pins..  .  '..j       .     jx>       iaii:  lonis  j 

2.  The  +5  volM!»^B^^i^y  ro|IFtlWti''<8  QNR 
potential. 
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1S74 


FIN  CONNECTIONS 


FUNCTIONAL  DIAGRAM 


mm-    INQITM.JIMqME«  im 


OPERATION  OF  THE  CONVERTER 
The  1S74  is  a  tracking  converter,  this  means  that  the  output 
automatically  follows  the  input  for  speeds  up  to  the  maximum 
tracking  rate  for  the  resolution  option.  No  convert  command  is 
necessary  as  the  conversion  is  iijitistcd  by  eadhtLSB  increment 
of  die  input.  Each  LSB  incron^t  of  the  conv^m:  initiates  a  , 
BUSYpiase.   

POSITION  OUTPUT 

The  rcsolver  shaft  position  is  represented  at  the  converter  output 
by  a  namral  binary  paralld  digital  word. 

The  static  gngiilar  weDrac^  quoted  for  eadi  convener  type  is 
the  worst  case  error  that  can  occur  over  the  full  operating  tem- 
perature riilge'wiai  tfifefiateiUng  ii^pWeciiidiliuis: 

a)  Signal  input  amplitudes  within  5%  of  the  nominal  values. 

b)  Signal  and  reference  frequency  within  the  specified  operating 
range. 

c)  Phase  shift  between  signal  and  reference  less  than  10  degrees. 

d)  Signal  and  reference  wavefimn  hanmmic  distortion  las  dian 
10  percent. 

These  teM  conditions  are  selected  primarily  to  establish  a  repeataUe 
acceptance  test  procedure  which  can  be  traced  to  national  stan- 
dards. In  practice,  the  converters  can  be  used  well  outside  these 
cqwrating  conditions  providing  the  following  pcunts  are 
observed. 

SIGNAL  AMPLITUDE  (SINE  AND  COSINE  INPUTS) 

The  amplitude  of  the  signal  inputs  should  be  maintained  within 
5%  of  the  nominal  values  if  full  performance  is  required  from 
the  analog  outputs  and  inputs  of  the  converter  such  as  velocity, 
inter  LSB  position  and  angle  offset. 

The  digital  position  output  is  relatively  insensitive  to  amplitude 
variation.  Increasing  the  input  signal  levels  by  more  than  10% 
will  result  in  a  dramatic  loss  in  accuracy  due  to  internal  overload. 
Reducing  level  will  result  in  a  steady  decline  in  accuracy.  With 
the  signal  levels  at  50%  of  the  correct  value  the  angular  error 
will  increase  bv  an  amount  equivalent  to  1.3LSB.  At  this  level 
the  repeatability  will  also  d^rade  to  2LSB  and  the  djmamic 
teqionse  will  also  change,  since  the  K«  js  proportional  to  wigigi 
levd. 


BUSY 

VEL 

ANGLE  OFFSET 

GNO  REF 

INTER  LSB 

RC 

DIR 

CASE 

REF 

AGNO 


NOTES 

1-  "R»i"  SHOULD  BE  CONNECTED  TO 
"VEL"  FOa  UNITY  GAIN. 

2.  cAsemicmNECTEDONMoopnoNomir 


SIGNAL  AND  RB'ESENCE  FREQUENCY 

Any  frequency  within  the  ^ledfied  range  of  the  converter  may 
be  used.  It  should  be  noted  that  the  si^nl  and  reference  input 
voltages  must  be  in  resolver  format. 

REFERENCE  VOLTAGE  LEVEL 

The  amplitude  and  waveform  of  the  reference  signal  applied  to 
the  converter's  input  is  not  critical,  however  it  is  essential  that 
the  zero  crossing  points  are  maintained  in  the  correct  place  to 
drive  die  converter's  phase  sensitive  detector.  '  ■  ' 

HARMONIC  DISTORTION 

The  amoimt  of  harmonic  distortion  allowable  on  the  signal  and 
reCoencie  Unesmainly  diepemds  on  the  type  of  i 
used. 

Square  and  triangle  waveforms  can  be  used  but  the  input  levels 
should  be  adjusted  so  that  the  average  value  after  rectification  is 
1.9  volts.  (For  example  -  a  square  wave  should  be  1.9V  peak.) 

NOTE:  The  figure  speciBed  of  10%  harmonic  distortion  is  for 
calibiatioa  epa^ariance  ra|y. 

PHASE  SHIFT  (^TWEEN  SIGNAL  AI«d  ftBFERENCE) 
See  Section  on  "Dynamic  Accural  vs.  Keselver  Phase  Shift". 

REs6lUTI6n  IVOGRAMMING 

The  1S74  converter  can  be  ptagmalBtA  fst  feaobitions  of  10, 
12,  14,  and  16  bit  by  qiplying  a  IriMljr  eode  to  the  pins  "SCI" 
and  "SC2". 

The  dc  error  output  and  maximum  rev<dutions  per  minute  for 
fuU  scale  are  scaled  iiumiaUy  accontijig  K)  ^.particular  resoluticsi 
selected. 

Table  I  ^ves  the  Innary  code,  dc  error  output  and  mimiinim 
tiaddng  rate  for  the  resolutions  available. 


Resolution 

Binary  Code 
SCI  SC2 

DC  Error 
(mV/Bit) 

Tracking  Rate 
forFS(±10V) 
rpm 

10  Bit 

0 

0 

160 

40,800 

12  Bit 

0 

1 

40 

10,200 

14  Bit 

1 

0 

10 

2,550 

16  Bit 

1 

1 

2.5 
Tablet. 

630 

NOTE:  When  changing  resolution  under  dynamic  conditions, 
a  period  of  uncertainly  will  exist  before  position  and  velocity 
data  is  valid. 

For  more  informatian  ask  for  the  relevant  application  note. 
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DATA  TRANSFER 

BUSY  Output: 

The  validity  of  the  output  data  is  indicated  by  the  state  of  the 
BUSY  output.  When  the  input  to  the  converter  is  changing,  the 
signal  appearing  on  the  BUSY  output  is  a  series  of  pulses  of 
TTL  levels.  A  BUSY  pulse  is  initiated  each  time  the  input 
moves  by  the  analog  equivalent  of  ^n  LSB  and  the  internal 
coimter  is  incremented  or  decremented. 


INHIBIT  Input: 

The  INHIBIT  logic  input  only  inhibits  the  data  transfer  from 
the  up-down  counter  to  the  output  latches  and  therefore,  does 
not  interrupt  the  operation  of  the  tracking  loop.  Releasing  the 
INHIBIT  automatically  generates  a  BUSY  pulse  to  refresh  the 
output  data. 

NOTE:  With  At  0<nHIBIT  input  pin  in  tlw  "Hi"  TTL  state, 
data  mU  be  tcu^^ied  automatically  to  the  output  latches. 

B«fABLE  Inputs: 


Two  ENABLE  inputs  are  provided,  ENABLE  M  for  the  most 
agnificant  8-bits  and  ENABLE  L  for  the  least  significant  re- 
mainder. Ttiese  ENABLEf  idetermine  the  state  of  the  output 
data.  A  TTL  logic  "Hi"  <*aintiiin«  th^  Q^^ut  data  pins  in  a 
high  impedance  condition,  Ae  application  of  a  logic  "Lo"  presents 
the  d^  in  the  latches  to  the  output  pins.  The  operation  of 
these  @4ABLES  has  no  effect  on  the  conversion  process. 

Two  methods  are  available  for  transferring  data,  by  using  the 
inputs  and  outputs  described. 

One  method  is  to  transfer  data  when  the  BUSY  is  in  a  "Lo" 
state  or  clock  the  data  out  on  the  trailing  edge  of  the  BUSY 
pulse.  Both  the  INHIBIT  and  the  ENABLES  must  be-i^  thdr 
correct  state  of  "Hi"  and  "Lo's"  respectively. 


The  alternative  method  is  to  use  the  INHIBIT  input.  Data  will 
always  be  valid  one  microsecond  after  the  application  of  a  logic 
"Lo"  to  the  INHIBIT.  IMt^tS^r^tess  ^thelim^  when  flie 
INHIBIT  is  appUed. 

RIPPLE  CLOCK  (RC)  AND  DIRECTION  (DIR)  OUT- 
PUTS: 

As  the  digital  output  of  the  converter  passes  through  the  major 
carry,  i.e.,  all  "I's"  to  all  "O's"  or  the  converse,  a  RIPPLE 
CLOCK  (RC)  logic  output  is  initiated  indicating  that  a  revolution 
or  a  pitch  of  the  input  has  been  completed. 


min  =  93Sn5  ("  40,800  rpm' 
530ns  max       max  DEPENDS  ON  , 
380ns  min  INPUT  RATE 


DATA  VAUD 


Figure  1.  riming  Diagram 


The  DIRECTION  (DIR)  logic  output  indicates  the  direction  of 
input  rotation  and  this  data  is  always  valid  in  advance  of  the 
RIPPLE  CLOCK  pulse,  and  stays  valid  until  the  direction 
changes  (see  Timing  Diagram). 

These  two  logic  outputs  are  provided  so  that  the  user  can  coimt 
the  input  revolutions  or  pitches.  An  external  extension  coimter 
is  required.  Figure  2  shows  the  application  circuit  which  should 
be  used  to  perform  this  coimting  function. 


(aim)  if  ■ 


•TO  FURTHER 
STAQfSJF  : 
HEQUBT" 


u  odJ       il  ^ 


PITCH  COUNT  DATA 


Figures.  Connections  for  Use  wJth  IS  Extension 
Counters  ioius»«  ii  sgwIoT  ^  -  '       '  j. 

VELOCITY  OUTPUT 

The  tracking  conversion  technique  produces  an  internal  signal 
at  the  input  to  the  voltage  controlled  oscillator  (VCO)  that  is 
proportional  to  the  rate  of  the  input  angle.  In  the  1874  additional 
circuitry  is  included  to  linearize  this  signal,  which  is  closely 
characterized,  producing  a  high  quality  t^Qi@|pitttor  velocity 
output  at  the  VELOCITY  (VEL)  pin. 

This  analog  tachogenerator  velocity  output  is  resistively  scaled 
intertially  to  give  a  fiill  scale  output  of  ±  lOV  dc  at  the  specified 
tracking  rate  for  the  converter. 

However,  a  full  scale  output  of  ±  lOV  dc  can  be  obtained  for 
lower  speeds  by  changing  the  gain  of  the  internal  scaling  ampUfior 
using  only  an  external  resistor.  The  external  resistor,  Rext, 
should  be  connected  between  "Rext"  pin  and  giround,  and 
calculated  using  the  following  equation. 


Rext  ~ 


lOxA 
B-A 


k  ohms 


Where  A  =  required  rpm  to  be  represented  by  ±  lOV  FS 
B  =  specified  rpm  for  the  converter. 

NOTE:  A  c^ot  be  greater  than  B  and  for  unity  gain  "VEL" 
and  "Rext"  P>ns  should  be  linked. 

Ripple  and  noise  on  the  velocity  signal  consists  of  two  compo- 
nents— steady  state  noise  and  dynamic  noise. 

Steady  state  noise — this  is  internally  generated  noise  produced 
by  the  convener's  circuitry  and  is  the  only  noise  signal  present 
under  static  input  conditions. 

Dynamic  noise^dus  is  lhBnoise>piDduce^jp  addition  «Q,stea%. 

The  two  main  components  of  the  dynamic  noise  signal  are  due 
to  the  "non-zero"  angular  error  of  the  resolver/converter  combi- 
nation. The  figures  given  in  the  specification  are  typical  for  a 
size  11,  7  aic-mintttra,  l^itfhiemesolver. 


1S74 


It  should  be  noted  that  when  operating  at  low  tracking  rates  it 

is  critical  to  maintain  the  signal  input  voltage  at  its  nominal 

value  in  order  to  keep  the  noise  level  on  the  velocity  signal  to  an 

absolute  minimum.  The  effect  of  variation  in  signal  voltage  at 

low  tracking  rates  is  to  produce  low  energy  spikes  on  the  velocity 

output  on  the  rising  edge  of  the  BUSY  pulse.  The  amplitude  of 

these  spikes  will  be  in  the  region  of  30p,V  per  percent  variation 

k  signal  input  V61ti^  level. 

«_  -'..I'  . 

NOTE:  The  vdoeity  sigDal  output  and  max  tiadnog  laie 

derates  by -IS^^guD^  linr  opctation  widi-*  12- vok  fowet— 
supplies. 


SPECIAL  FUNCTIONS 

DC  ERROR:  The  signal  at  the  output  of  the  phase  sensitive  ^ 
detector  is  the  input  to  the  internal  nulling  loop  and  hence  is 
proportional  to  the  error  between  the  input  angle  and  the  output 
digital  angle.  As  the  converters  are  a  type  2  servo  loop,  this  DC 
ERROR  signal  will  increase  if  the  output  angle  fails  to  track  the 
input  for  any  reason.  It  is  therefore  an  indication  that  the  input 
has  exceeded  the  maximum  tracking  rate  of  the  converter,  or 
due  to  some  internal  malfunction,  the  converter  is  unable  to 
reach  a  null.  By  the  use  of  two  extefnal  ocmqiaiatQn' diK  v<dtil|ie 
can  be  used  as  a  "built  in  test". 

INTER  LSB  OXrrPUT:  In  order  to  overcome  the  "free  play" 
inherent  in  a  servo  system  using  digitized  position  feedback^  an 
analog  output  voltage  is  available  representing  the  resolver  ^satt 
position  within  the  least  significant  bit  of  the  digital  angle 
output. 

The  oug>ut    th^t^j^ccQKntion^^Ki  tl^ij)^ 
position  jn%a  lyaxinwim  oniput  lepresentbig 


Figure  3. 

Figure  3  illustrates  how  the  INTER  LSB  output  compensates 
for  the  instances  where,  due  to  hysteresis,  there  is  no  change  in 
the  digital  count  output  for  ILSB  change  in  input  angle.  The 
sum  of  the  digital  coimt  output  and  INTER  LSB  output  equals 
tlie«ctnal  input  angle. 

ANGLE  OFFSET:  A  unique  feature  of  the  1S74  converter 
the!:angl»o%et'inptit  wliidi:a]lolns  the  user  td  eiectricaUj"*^oftte" 
the  inpnt  shaft  of  ibe  resolver:. 

Injecting  a  current  of  320nA  into  the  angle  offset  input  pin  will 
qCEiet  the  digital  output  of  the  converter  by  ILSB  lelathre  to  die 
angle  defined  by  the  resolver  inputs.  It  is  fecomnWindfdttiM  an 


offset  equivalent  to  no  greater  than  30L$9's  j 
input. 

This  input  is  «  viODal  gwttnd,.  tberefinear  pnnesie  HMKoeiaan  be 
genenoedlqr^ftdageMiwceieQmwcttdbfsaM^Rie 

'  5  '  .'a  9»b  BO  ail- .I.  "- -! 

DYNAkUC  FmiiORMAIIieE     .■  ^'uqlTeUE  i 
Tile  tri£^lcSf'^lisi^i^'*bj^dl6  couvt^SHi^^S^^B^tijif^ 

bli  "    TiTTlSh  -WO  1 
TACHO  OUTPUT 


»»— (  + 


■•S  1  i.-. 


Positional  Transfer  Function: 


"otrr 
Bin 

Botfr 

Bin 


K,  K,    I  +  sT| 


1  +  sTj 
I  +  sT, 


open  loop 


1  +  sTi  + 


K,  K, 


-  closed  loop 


irtieieK,K2  =  K. 

Tachogenerator  Transfer  Function: 
Tachogenerator  Output     Ki(l  +  sTj) 


TachcigmerilSDi' 


s  (1  +  sT,) 


-1^1-,+  sT,),-}-^- 


Ki  =  3.23 

K2  =  68.2  X  10' 

K,  =  220  X  lO' 

Ti  =  4.46nis.  y,^,i 


f  ^ 
K, 

.  a  aWT  TTJBTT 


closed  loopi 


50     100  200 

FREauENCV.Hi 

Figure  4.  Gain  Plot 
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However,  when  rotating,  most  resolvers,  particularly  those  of 
the  brushless  type,  exhibit  a  phase  shift  between  the  signal  and 
the  reference.  This  phase  shift  will  give  rise  under  dynamic 
conditions,  to  an  additional  error  defined  by: 


SHAFT  SPEED  (RPS)  x  Phase  Shift  CDEqS) 


For  example,  for  a  phase  shift  of  20°>  a^flW^iiteion  c<f  22^ 
and  a  reference  frequency  of  SkHz,  the  converter  will  eilfibit  an 
additional  error  of:  "Ofc-* 


20  X  22 
SOOO 


0.088' 


•      -  Figures.  Phase  PHot    —  ' 

DYNAMIC  ACCURACY  VS.  RESOLVER  PHASE  SHIFT 
Under  static  operating  conditions  phase  shift  between  signal  and 
reference  \mm'itm^^lKf'4m$mXWm  die  convertel^t  ifgS& 


accuracy; 


This  efifea  can  be  eliminated  by  putting  a  phase  shift  in  the 
reference  to  the  converter' eqaivalent  to  the  phase  shift  in  the 
itesolver.' 

NOTE:  Capacitive  and  inductive  crosstalk  in  the  signal  and 

.11)' 


'.i  - 


«Kvi«-'0«  I—  fwi ; 


OUTPUT 
ANGLE 


RESOLUTION 
SELECT 


TACHOGENERATOR  r 
OUTPUT 


PITCH 
COUNTER 


2V  RMS  - 
REFERENCE  ^ 


15 

16  ILSBI 

SC2 

SCI 
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VEL 

ANGLE  OFFSET 

N/C 

INTER  LSB 

RC 

DIR 

CASE 

REF 

AGND 

SIN 


MSB  1 
ENL 
ENM 
GND 
+  5V 


cos 


-  «8oStat3  ami.  - 

-•'  -.^-.^  J»  J«M  laanj  : 

■-■  Tif  bs\f  Tiii  . 
.:     J  r  jziii  kit.  . 


POWER 
SUPI>UES(N0TE2I 


Dc  ERROR  —  BtToirrpirr 

(NOtEO 


FROM  STATOn 

NOTES: 

1.  GND  AND  AGND  ARE  INTERNALLY  CONNECTED. 

2.  EACH  SUPPLY  SHOULD  BE  DECOUPLED  WITH  lOOnF  CERAMIC  CAPACITOR 
IN  PARALLEL  WITH  A  6tiF  TANTALLUM  CAPACITOR. 

3.  REXT  IS  EXTERNAL  TACHOGENERATOR  SENSITIVITY  SCAUNG  RESISTOR 
OF  REQUIRED)  -  SEE  TEXT  UNDER  HEADING  "VELOCfTY  OUTPUT". 

4.  R1  AND  R2  ARE  ANGLE  OFFSET  INPUT  SCALING  RESISTORS  {IF  RBIUIREO)  - 
SEE  TEXT. 

5.  CASE  PIN  CONNECTED  ON  4S0  OPTION  ONLY. 

S.  POSSIBUUKASB^)^W  JE^;l|^9f•)ENrv)•iE:MEA0ING  "SPECIAL 
FUNCTIONS".) 

',^'1-.  ■■        ■  ■  ■  '  i.> 

.  ,        ,  fi'  Electrical  Connections 


CONNECTING  THE  CONVERTER 

The  electrical  connection  of  the  converter  is  straight-forward. 
The  power  supply  voltages  coimected  tp  +  V,  and  -  V,  pins  can 
be  ±  12V  to  ±  15V  but  must  not  be  reversed.  The  +  5V  supply 
connects  to  the  +  SV  pin  and  should  not  be  all(>in^.to  become 
negative  with  respect  to  the  GND  pin. 

It  is  suggested  that  decoupling  capacitors  are  connected  in  parallel 
between  the  power  lines  (  +  V„  -  V,  and  +  5V)  and  GND  adjacent 
to  die  Qanverter.  '^'^ 


When  more  than  one  converter  is  used  on  a  card,  then  separate 
decoupling  capacitors  should  be  used  for  each  converter. 

The  converter  has  some  H/F  decoupling  provided  internally,  as 
well  as  input  protection  on  the  signal  and  reference  inputs. 

The  resolver  connections  are  made  to  the  sine  and  cosine  inputs, 
reference  and  analog  ground  as  shown  in  the  electrical  coaaectiiai 
diagram  (Figure  6).  The  2V  ions  reference  snpdy.  whi^«Bn  be 
provided  by  the  OSCI7S8  osr^Batpr^  should  be  ocguKi^ed  to  the 
resolver  rotor. 
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PROCESSING  FOR  HIGH  RELIABILITY 
STANDARD  PROCESSING 

As  part  ii  fbe  sUUdad  ^nimn^KRi^te  rarbceSure,  all  ^ctinettecs 

lecdvedieCDUowiiig'^oo^kii^:'''''  " 


1.  Pie<^pVisiialIiispection  In-House  Criteria 

2,,  Bum-In  70°C 

3.  Constant  Accdecation  SOOOG 

4.  Grass  Leak  Test  In-HouseCriteria 

5.  FinalEkcDticalTest  ¥txkmedat.2SI&M  ^  -  v 

-J  v-'t/ 

m-REL  PROCESSING  ^  . 

AU  modeb  <M«knd  Id  la^  ielud>ility  lequkeiDents  waU  ^  i 

identified  with  a  B  sufBx,  and  will  have  received  the  following  pioc- 

essing: 

1.  Internal  visual  inspection  bns  ?3<t^>«)» 

2.  Stabilization  bake,  24  hours  at  150°C 

3.  Temperature  cycling,  -6S°C  to  +lSffC 

4.  Constant  acceleration,  SOOOg    

5.  Powered  bum-in,  160  hours  at  12S°C 

6.  Final  dectrical  test  at  T„i.  and  T„ 

7.  Seal  test,  fine  and  gnap 

8.  EKtonal  visual  inspesite 


ORDERING  INFORAUMif 
1S74      X60  B 

High  Rdialrili^  Processing 


'  2kHz  to  lOkHz  refierenpe  frequency 


—  X=SOto  -l-TirCapeMms 


U.        -SS'C  to  +  12S°C  opetatiBg  temperature 


OUTLINE  DIMENSIONS 

Dimensions  Shown  in  inches  and  (mm). 

PACKAGE  FOR  560  OPTION 


I ANALOG 
DEVICES 


>  PIN  >  IDEMTHVR 


0.14  xO.013(3.SS  ±033) 

=1   *  I 


T 1  :;s;4^ 

 -H'  I-  UOUI  m\  H 


oooooooooooooooooooo 


OOOOOOOOOOOOOOOOOOOO 


PACKAGE  RM  WOPnOH. 

PACKAGE  FOR  460  AND  460BI 


Inductosyn^' 


1SI4/1S24/IS44/1S64- 

1SI0/1S20/IS<MV1S60/1S61  - 

•IRDCl73a-*'  ...T  -  o,'  -  - 

IPA1751- 

OSC1754- 
OSC1758- 
IPA1764-      ,  , 


10-,  12-,  14-  and  16-Bit  Hybrid 
°  Resblver-lb^Digital  Converters  with  High 
Specification  Tachometer  Output. 
I0-,  12-,  14-  and  two  16-Bit  Inductosya™/ 
Resolver-to-Digital  Converters  (Hybrid) 
Inductosyn'''*'/Resolver-to-Digital  Converter  (Hybrid), 
Low  Cost 

Inductosyn™Pie^Aaiplifief'  "  ' 

Power  Oscillator 

Power  Oscillator  (Hybrid) 

Inductosyn^"  Pre- Amplifier  (Hybrid) 

3  Channel  lnductosyn™/Resolver-to-Digital 

Converter  (Multibus  Compatible  Card) 


s  a  re^teted  tnkinaik  of  Fuimd  Indiaain,  Inc. 
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LVOtlTlo-Digital  Converter 


2S50 


REFERENCE 
(PRIMARY 
EXCITATION) 


FEATURES   

Internal  Signal  Conditioning 

Direct  Conversion  to  Digits 

Reference  Frequency  400tiror  1kHz  to  lOlcHz 

HighMTBF 

No  External  Trims 

Absolute  Encoding 

APPLICATIONS 

Industrial  Measurement  and  Gauging 
Numerical  Control 
Avionic  Control  Systems 

Valves  and  Actuatejs  '\  

Limit  Sensing  <n 


GENERAL  DESCRIPTION 

The  2S50  series  converters  translate  the  outputs  from  LVDT 
and  RVDT  transducers  into  digits  directly.  No  signal  conditioning, 
trims,  preamplifiers,  demodulators  or  filters  are  required.  The 
2SS0  series  can  also  be  used  as  general  purpose  ratiometric  A-to- 
D  converters;  very  compatible  widi  load  cells,  strain  gauge 
bridges,  some  pressure  transducers  and  interferometers. 

The  2S50  linearly  converts  ac  signals  into  an  11-bit  parallel 
digital  word.  The  digital  output  is  an  offset  binary  word  which 
is  the  ratio  of  the  signal  and  reference  inputs.  When  used  with 
LVDT  and  RVDT  transducers,  the  digital  output  represents 
the  linear  or  rotary  displacements  of  the  transducer.  The  converter 
is  a  continuous  tracldng  type  using  a  type  2  servo  loop. 

PRINOFLE  OF  OraRATION 

The  2S50  is  a  tracking  convener.  This  means  tliat  the  ouqmt 
automatically  follows  the  input  without  die  necessity  of  a  convert 

command. 

A  conversion  is  initiated  by  a  change  of  input  signal  equivalent 
to  ILSB  of  the  output. 

Each  LSB  increment  of  the  output  is  indicated  by  a  "Busy" 
pulse. 

With  an  LVDT  connected  to  give  a  null  at  center  positian,  the 
output  will  track  the  input  fixnn  digital  "1  +  all  zooes"  to 
iQgitai  "«U  Ones"  for  plus  full  scale,  and  di^ud  aU-sdroes" 
to  digital  "all  zeroes"  for  negative  full  scale. 

The  2SS0  operates  only  on  the  ratio  of  the  two  inpua  for  tlie 
conversion  inocess.  As  such  the  whole  system,  consistiiig  of 
excitation  osdllator,  LVDT  and  converter,  is  insensitive  to 
change  in  excitation  vidtage,  amplitude,  ficequency  and 
waveshape. 

Since  a  phase  sensitive  demodulator  is  included  with  the  conversion 
]oop  of  the  2SS0,  the  system  has  a  high  rqection  to  signals  that 
are  not  phase  and  frequency  coiierent  widi  ihe  ezdtatian  voltage. 
This  fcamre,  oombiiied  widt  radomeaic  umveishm  gives  a  veiy 
lu^  standard  of  inte^ly  to  digidzed  LVDT  md  RVDT 
qrstems. 


FUNCTIONAL  BLOCK  DIAGRAM 


DIFFERENTIAL  HI 
[SECONDAfty 
VOLTAGEI  LQ 


PIN  FUNCTION  DESCRIPTION 

-Vs 
+  Vs 
+  5V 
GND 


Bit  1-11 

RefHi 
DiffHi 
RefLo 
Di£fLo 

INHIBIT 


BUSY 


ENABLE 


CASE 


N/C 


MaianegativepamwRiq^  -  ISVdc. 
Main  positive  ponersuiil|r  4-  ISV  dc 

Logic  supply. 

Power  supply  ground.  Digitalxioqzt^^ai'  :  •  'i 
Reference  voltageiow.   

Fatalldonqmtdataliits. 

ABalog  refeteoce  input  (HI). 
Amdog  diEferenceinput  (IC): 
Analog  reference  input  (Lo). 
Analog  difiierence  input  (Lo). 

bhibitloipcinput.  Taking  this  pin  "Lo" 
inhihitsdatatransferfiomcoulitertodntput 
Ittcbes.  Theconvoiianhkstilcstitt^'iiesto 

:  r,e..,  .-„.  ^0. 

Cc«aveftei;^^SY,  A  "Hi"  output  indicates  that 
t&ont[mt  latches  are  being  updated.  Data 
tlvMildiKX  be  transferred  from  the  converter 
wiiacBUSYis«Hi". 

The  output  data  bits  are  set  to  a  low  impedance 
state  by  application  of  a  logic  "Lo" . 

This  should  normally  be  grounded  Case  can  be 
taken  to  any  voltage  with  a  low  impedance 
up  to  ±20V. 

Pins  designated  N/C  not  comimed  internal^. 


ORDERING  INFORMATION 


2SS0I 


1_ 


Ifigb  RdiibiKty  Procanns 


YJ=  1  400Hz  reference  frequency 
iH.—  t    lUh  to  lOkHz  KfCRDtX 


X  =  4  -Kjcfi  +asv 
X  =  taa  jfWC 


2S50-SPECIFICATI0NS 


(typical  @  +25°C,  unless  otherwise  noted) 


ModfU              . .  , 

2SS0/510 

2SS0/56O 

2S50/410 

2550(460 

— — i.  j>i\' — ^ 

ACCURACY 

0.1%  (Full  ScaJi^ 

0.1% 

0T2% 

LINEARITY 

±  1/2LSB 

REFERENCE  FREQUSTCY'  ~ 

400Hz      '  '~' 

IRMZ-IOKHZ 

400Hz  " 

iKrlZ-lUKllZ 

SIGNAL  INPUTS^ 

2.5Vniis 

* 

* 

INPUT  IMPEDANCE 

5Mn(min) 

SLEW  RATE  (Min) 

200LSB/m8 

400LSB/ms 

200LSB/IQ«>  ,-j.^fL^p<>f-: 

400LSB/ins 

SETTLING  TIME  (99%  FS  Step) 

50ms 

2Sms 

50ms 

2Si]ds 

ACCELERATION  CONSTANT  OO 

70,000 

650,000 

70,000          .  ' 

6!$b,000  , 

BUSYPULSE 

l|is(max) 
ILSTTLLoad 

* 
* 

* 
* 

* 
* 

INHIBIT  INPUT 

Logic"Lo"  to  Inhibit 
ILSTTLLoad 

* 
* 

* 

* 
* 

POWER  DISSIPATION^Tii*!;; 

550mW 

POWER  SUPPLIES'  ^1 

1  -. 

-  15V@  1 8mA  (typ)  25mA  (max) 
+  15V  @  18mA(typ)gSmA(inax) 

-r  J  V  \U)  oiaJX  [uJaKJ 

* 
* 
* 

* 
* 
* 

* 

* 

temperaturbiuMb 

Operating 

Storage  ^ 

Oto  +70°C 
-60°Cto +  150°C 

* 
* 

-55'Cto  +  125°C 
* 

** 

* 

DIMENSIONS  ^^'^ 

1. 72 "  X  1.1"  X  0.205" 
(43.5  X  28.0  X  5.2mm) 

* 
* 

1.74"xl.l4"x0.28" 
(44.2  X  28.9  xy.lmin) 

** 
** 

WEIGHT 

loz.(28g) 

* 

* 

* 

PACKAGtOPncAf^ 

DH-^  "'-'^ 

DH-32E 

M-32 

M-32 

NOTES 

'  Accuracy  applies  over  ±20%M^giia^rafktgeyfl^20%«ldiatkmfiequ^icy8iklfiiBtei^ 
and  for  not  greater  than  3*  phase  error  betwdsn  reference  and  difference  inputs . 
^This  is  a  nominal  value . 

'±  12  volts  to  ±17  volts.  ' 
*DH-32E  =  Bottom  Brazed  Ceramic  DIP;  M  =  Metal  Platform  DIP.  For  outline  information 

see  Package  Information  section.  u  it^'rnL^t 

*Speci&catii^saine;»2$!ia/S10.  ^ 


^^ange  wkhoitt  nodce. 
PIN  CONFIGURATION 
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O 

/ 

UK 

o 

o 

CASE 

o 

o 

REFHI 

o 

0 

REFLO 

0 

o 

DIFFLO 

o 

■■<f  ,. 

•o  ' 

DIFFHr 

o 

ENABLE 

0 

o 

N/C 

o 

...j  o 

N/C 

o 

0 

(LSB)11 

o 

0 

10 

o 

0 

9 

o 

o 

S 

o 

o 

7 

.,       Q  -,1 

6" 

•  -    >■  1,  O 

+6V 


NC 


wc 

BUSY 


±.18.' V. 


ABSOLUTE  MAXIMUM  INPUTS  (with  respect  to  GND) 

+Vs  OVto  +17Vdc 

-Vs  OVto  -17V dc 

+  5V   .  .  .......  V    .  V  Vi^.  V  V."eVto 

Ref,  HitoLo   ±28'^tte 

Diff,  Hi  to  Lo.  .  .   ±20y  de- 

Case  to  GND  ....................    ±  2ftV  dc 

Td?.4y,J»  t>.aif.4ie, 


TP1 

1IMSB) 
2 
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LVDT  to  Digital  Converters 


2S54/2S56/2S58 


FEATURES 

Direct  Conversion  of  LVDT  and  RVDT  Outputs  into 

Digital  Format 
Ratiometric  Conversion  for  Extremely  High  Stability 
High  Resolution  (14-16  Bit)  Parallel  Digital  Output 
User  Definable  Input  Gabl  j 
Quadrature  Rejection 

Operation  Over  360  Hz  to  11  kHz  Frequ^jMiSir  Itenge 

Linearity  Better  than  ±0,01%       .  : 

Internal  Bridge  CompletMM>lMHtors 
1  LSB  Repeatability  ' 
75%  Overrange  Capability 
Extended  Temperature  Range  Versions 

APPUCATIONS  1 
Direct  LVDT/RVDT-to-Digltal  Conversion 
Industrial  Measurement  and  Gauging 
Valve  and  Actuator  Control 
Lhnit  Sensing 
Aircraft  Control  Systems 
Semiconductor  Wafer  Profiling 
AC-to-Digital  Conversion 

GENERAL  DESCRIPTION 

The  2S56  series  of  converters  linearly  converts  the  outputs  of  ac 
energized  Linear  and  Rotary  Variable  Differential  Transformers 
(LVDTs,  RVDTs)  directly  into  a  high  resolution  digital  format. 
For  example,  with  a  ±  1  mm  stroke  LVDT,  the  least  significant 
bit  (LSB)  of  the  2S56  will  represent  0.061  microns. 

The  2S58,  a  high  gain  variant  of  the  2S56,  can  offer  even  higher 
positional  resolution.  Using  the  same  ±  1  mm  stroke  LVDT 
over  a  reduced  range,  the  2S58  can  realize  an  LSB  weighting  of 
1.22  nm.        ^  ... 

The  ratiometric  conversion  technique  employed  by  the  convert- 
ers obviates  the  need  for  high  stability  oscillators.  The  perfor- 
mance quoted  for  the  devices  can  be  achieved  with  as  much 
as  a  d^lO%  variati(Hi  in  reference  amplitude. 

The  converters  are  complete  -  no  si^ol  conctitioning,  pre- 
amplifiers or  filters  are  leqaired.  The  user  need  onlysuf^ty 
a  suitable  reference  oscillator. 

The  converters  operate  on  a  Type  II,  tracking,  servo  loop  prin- 
c^le  wliich  means  that  the  digital  output  continuously  follows 
the  trattsducer  input  without  the  need  for  external  convert  com- 
mands as  in  conventional,,A'to-D  converters.  The  conversion 
technique  also  ensures  that  there  is  no  lag  between  digital  out- 
put and  transducer  input  under  constant  velocity  conditions. 

To  facilitate  interfacing  with  various  types  of  LVDTs  and 
RVDTs,  all  inputs  are  fully  differential.  In  addition,  the  con- 
veners have  the  flexibility  of  setting  the  input  gain  with  a  single 
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external  resistor  or  fink^'  In  order  to  simplify  the  transducer  in- 
terface, both  the  Otttpur  of  the  gain  stage  as  well  as  the  reference 
voltage  are  brought  out  to  enable  simplified  measurement. 

The  parallel  digital  output  word  is  through  tri-state  drivers  to 
enable  direct  connection  to  system  data  buses.  Included  is  a 
High/Low  byte  enable  which  allows  commimication  on  both  8 
and  16-bit  busses.  A  separate  line  is  provided  to  indicate  die 
direction  of  transducer  travel.  A  BUSY  pulse  is  provided  indi- 
cating that  data  is  changing  and  not  valid  for  transfer. 

APPLICATIONS/USER  BENEnTS 

Because  the  2SS6  series  of  converters  operates  on  the  ratio  of  the 
transducer  output  signal  to  the  excitation  (reference)  voltage,  the 
entire  measurement  system  is  insensitive  to  changes  in  reference 
voltage,  frequency  and  wave  shape.  The  resultiiig  stability 
makes  conversion  technique  imrivaied,  pwtiRalftny  in  applica- 
tions with  poor  volt!^  i^ulation. 

The  converters  can  also  be  connected  in  a  mode  which  allocs 
the  2S54/S6/S8  to  be  galvanically  isolated  from  the  excQation 
source.  This  configuration  has  the  added  benefit  of  minimizing 
die  effect  of  phase  shifts  and  signal  input  quadrature. 

Because  of  the  use  of  a  phase  sensitive  demodulator  in  the  track- 
ing loop,  the  system  has  extremely  high  rejection  of  signals 
which  are  not  phase  and  frequency  coherent  with  the  excitation 
voltage.  The  restilting  noise  immimity  makes  the  converteiis  an 
ideal  choice  for  industrial  and  airborne  applications. 

The  high  precision  of  the  conversion,  together  with  the  stability 
offered  by  ratiometric  conversion,  make  the  2S56  series  good 
candidates  for  applications  previously  beyond  the  capability  of 
LVDTs.  For  example,  the  2S58  can  realize  performance  com- 
petitive with  opncal  interfieiometric  measumnem  systems. 
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Modeb 

2S54 

2S56 

2S58 

Comment; 

Units 

Integral  Linearity*'' ' 
0°  Phase  Shift,  Vrep  to  V, 
r  Phase  Shift,  Vrep  to  V, 
J  1  nasc  ^nui,  "ngp  to  Vi 
Differential  Linearity* 
Temperature  Dependent 
Position  Offset^ 

^  0.006  (max)  . 
±0.008  (max) 

—  U.UjI  ynlaA) 

±0.5  (max) 
±0.04  (max) 

* 
* 
* 
* 

*  II'.- 

±0.00312  (max) 
±0.00437  (max) 

* 

See  "PHASE  SHIFT 
AND  QUADRATURE 

%  FSR 
%FSR 
%  FSR 
LSB 

%FSR 

REPEATABILITY'      '              "~  - 
Over  0  to  +70°C^ 
Hystehsis 

±1 

0.5  (min)  1  (max) 

* 
* 

LSB 
LSB 

DYNAiVUC  CHARACTERISTICS' 
Slew  Rate^ 
50  Hz  Bandwidth  Option  (2S54,  2S56) 
m  Hz  Bandmdtb  (Dpdon  (2SS4;  2SS6} 
380  Hz  Bmdffidth  t)ptiod  (2S58  Only) 
Settling  Time  (Half  FS  Step) 

jU  HZ  Danawiain  uption  t_zoj4,  lojo) 
140  Hz  Bandwidth  Opuon  (2S54,  2S56) 
3aOHz%iKhridthOinuA  t2S^'da^  ' 

150 

360  ■• 

NA  •     ■••^  ; 

-ji .  tarts  .-luwi  s^L. 

70 

* 

NA  , 

SW 

160 

'  ^  ' 

NA''  ' 

NA 

688 

NA 
65 

Half  <r/>n 

Half  FS  Step 
Step  From  +FSR 
to  -FSR 

LSB/ms 

LSB/ms 
LSB/ms 
,.)(.. 

ms 
ms 

ANALOG  OUTPUTS 

DIFF  0/P  (Max  Allowable  Swing) 
REF  0/P  (Max  AUowable  Swing) 

10  ' 

10 

* 
* 

■*  ■ 
* 

Vp-p 
Vp-p 

POWER  REQUKEAJENTS     ,  . 
+V 

"s 
+5  V 

Supply  Ciurenn 

+5  V 
Powa  Disaipation 

+  15  ±5%           .J  , 
-15  ±5%         '  ■ 
+5  ±5% 

25  CtypJ  w  tmaxj 
105  Ctyp)  125  (max) 
1.3  (typ)  1.8  (max) 

* 
* 
* 

* 
* 

* 

*       ■  ' 
* 

* 
* 

Vdc 
Vdc 
Vdc 

mA 
mA 
Watts 

Openning 

0  to  +70  C5Y0  Option) 
-55  to  +125  C4Y0  Option) 
-55  to  +125 

* 
* 
* 

* 
* 

-  ■,,  -  ■  1-  iM.v  nr. 

"C 

"C  ' 
.°G 

2.145  X  1.145  X 

0.227  (max) 
54.5  X  29.1  X  5.76  (max) 

* 

* 
* 

See  Packaging 

Incbesr 
mm 

WEIGHT 

1 

28 

* 
* 

* 
* 

Ouno^ 
Giams 

PACKAGE  OPTIONS' 

DH-40A 

DH-40A 

DH-4flA 

NOTES 

'Tested  with  nominal  8i^^:(±lS  y  ^*  +S  V  ^^'Vi0s?SM^SBb^  yeltag^jud  fitequency. 
Guaranteed  by  design,  test  not  reqoired. 

'V|  is  the  signal  input  to  the  converter  directly  from  the  transducer.      is  the  output  of  the  internal  gain  stage.  Because  Vj  needs  to  be  maintained  at  2  V  ±10% 
in  order  to  meet  the  converter  accuracy  (see  Note  5),  the  gain  and  the  maximum  value  of  Vj  should  be  carefully  chosen.  Furthermore,  because  the  converter 
operates  on  the  ratio  of  Vj  and  Vref,  care  should  be  taken  to  see  these  voltages  are  matchwl  in  order  to  achieve  the  fiill  dynamic  range  of  the  convener. 

^Maximum  output  current  is  2.4  mA. 

'Specified  over  the  operating  temperature  range  of  the  option  and  for: 

a.  ±10%  difference  in  both  Vrep  and  Vj  amplitudes 

b.  10%  harmonic  distortion  in  Vref  V,. 

c.  The  accuracy  is  specified  for  the  preset  gains  of  xl,  xlO,  and  x50.  For  acciuracy  in  the  intermediate  range,  see  Section  "PHASE  SHIFT  AND 
QUADRATURE  EFFECTS." 

*Tested  with  input  gains  1,  10  and  50  with  V,  attoiuated  by  1,  10  and  50,  respectively. 

'Full-Scale  Range  (FSR)  is  defined  as  V2  =  +Vref  tt>  Vj  =  -Vref-  This  would  usually  conespond  to  the  utilized  LVDT  stroke. 
''DH-40A  =  Hermetic  Metal  Can  DIP.  '  _  : 

^Specifications  the  same  as  the  2S54.  %  ~ _    ~'  -' 

S^Kcifications  subject  to  change  without  notice. 
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MODELS  AVAILABLE 

The  2S56  series  is  available  in  three  versions: 

2S54  14-Bits  Input  Gain  1-10 
2S56  16-Bits  Input  Gain  1-10 
2SSg    16-Bits    Input  Gain  10-SO 

The  2SS4  and  2SS6  are  available  in  two  bandwidth  options.  The 
SO  Hz  bandwidth  option  operates  over  the  reference  frequency 
range  of  360  Hz  to  S  kHz,  while  the  140  Hz  bandwidth  option 
operates  over  the  range  of  1  kHz  to  S  kHz.  The  2SS8  is  avail- 
able only  in  a  300  Hz  bandwidth  version  which  operates  with 
reference  frequencies  between  7  kHz  and  1 1  kHz. 

All  three  devices  are  available  in  both  commercial  (0  to  -H70°C) 
and  military  (  — 50°C  to  +125°C)  operating  temperature  versions. 

Full  ordering  information  is  given  on  the  back  page  of  this  data 
sheet. 

ABSOLUTE  MAXIMUM  RATINGS 

+VstoGND  +  17Vdc 

-VstoGND  -17  Vdc 

Vref  35  Vp-p 

+Vi.  tp  GND  +7  V  dc 

yi  .   35  Vp-p 

Logical  Input  to  GND  (max)  .  .   +5.5  V  dc 

Logical  Input  to  GND  (min).  -0.4  V  dc 

Case  to  GND  .±20  V  dc 

Power  DissipatioB  ^  ,  L  .  1.8  Watts 

Junction  Temp^^(|^  ^^^|  ,  .+150°C 

CAUTION: 

h  Absolute  Maximum  Ratings  are  the  limits  beyond  which 
damage  to  the  device  may  occur. 

2.  Correct  polarity  voltages  must  be  maintained  on  the'  +Vs  and 

-Vs  pins. 

3.  The  +5  V  power  supply  must  never  go  below  GND. 

PRINQPUES  OF  OPERATION 

fbie  ptiod^  aC  ^amtioa  is  shown  in  Figure  1. 
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Figure  7.  Principle  of  Operation  of  the  2SS6  Series 
Converters 


USING  THE  2S56  SERIES  CONVERTERS 

The  2S56  series  of  converters  operates  on  a  tracking  principle. 
This  means  that  the  output  digital  word  always  automatically 
represents  the  position  of  the  LVDT  or  RVDT  without  the 
need  for  external  convert  commands  and  status  wait  loops.  As 
the  transducer  moves  through  a  position  equivalent  to  1  Least 
Significant  Bit  (LSB)  on  the  output,  the  output  digital  word  is 
automatia^y^ updated.  ^M^'  LSBiipdate  initiates  a  BUSY 
pulse. 

INPUT  GAIN 

Since  the  transformation  ratio  of  an  LVDT  or  RVDT  from 
excitation  voltage  to  signal  voltage  is  typically  in  the  order  of 
1:0.15,  promion  for  gain  scaling  has  been  provided.  The  gain 
can,  thexefore,  be  selected  to  ensure  that  the  fnUrSCate  onqw  of 
tie  converter  represents  the  maximum  stcote  position:df  the 
transducer. 

The  gain  setting  is  accomplished  by  means  of  Pins  21  and  22 
(Gl  and  G2).  A  link  between  the  two  pins  gives  a  preset  gain  of 
X 10  (X  50  on  the  2S58)  whereas  no  connections  between  them 
gives  a  preset  gain  of  x  1  (x  10  on  the  2S58). 


G  = 


Goo 


where  Rq  is  the  value  of  the  external  Tewma  in  ten  and  G  n  die 

realized  gain. 

For  the  2S54  and  2S56: 

K,  =  27  mi,: 

9.2  =  3  [M^  »«■ 

Goo  =  1  sicimr.         Ji^-   , ; 

For  the  2iS58: 
R,  =  108  [kO] 

R2  =  2.7  [kO]  ■"  '  •■' 

G=o  =  10 

The  internal  resistors  each  have  absolute  accuracies  of  0.02%  at 
25°C.  Their  absolute  temperature  coefficient  is  ±25  ppin/°C. 
Therefore,  if  the  temperature  coefiicient  and  absolute  accuracy 
of  the  external  gain  setting  resistor,  Ro,  is  knovra,  the  accuracy 
of  the  input  gain  stage  can  be  calculated.  This  additional  inaccu- 
'«s^'tBa^-%e'«dded'te  tlb  gain  error  of  the  converter. 

DIGITAL  OUTPUT  CODES 

The  2S56  series  of  converters  employs  an  offset  binary  output 
code,  the  null  position  of  the  LVDT  being  represented  by  the 
MSB  being  high  and  all  other  bits  low.  Representative  digital 
output  codes  are  shown  in  Figure  2.  For  the  2S54  (14-bit  resolu- 
tion), the  two  least  significant  bits  are  unused. 

NOTE:  A  negative  position  is  defmed  as  being  when  the  VI 
^  and  Vkef  are  out  of  phase.  A  positive  position  is  when  they  are 
in  phase,'  ' 

OVERRANGE 

The  digital  output  code  format  shown  in  Figure  2  enables  the 
user  to  determine  if  the  LVDT  has  exceeded  the  negative  or 
positive  full-scale  position  and  has  gone  into  overrange.  An  indi- 
cation of  overrange  can  be  obtained  by  performing  an  "exclusive 
OR"  on  Bits  1  and  2  (MSB  and  2nd  MSB).  Alternatively  this 
function  can  be  peifonaed  in  soicmtt. 
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OUTPUT  CODES 


MSB  LSB 
0000     0000     0000  0000 


Max  +ve 

0010     0000    0000     0000  Position 

Overran^e 

_  ,  +ve  Position 

0100     0000    0000     0000  FullScale 


1000      0000    0000  0000 


Null 
Position 


1011     1111    1111  1111 


1101     1111    1111  1111 


1111     1111    1111  1111 


-ve  Position 
Full  Scale 


Max  -  ve 
Position 
Overrange 


PHASE  SHIFT  AND  QUADRATURE  EFFECTS 

Reference  to  signal  phase  shift  can  be  high  in  LVDTs,  some- 
times in  the  order  of  70  degrees.  If  the  converter  is  connected  as 
in  Figtu-es  3  and  4,  any  effects  due  to  this  phase  shift  are  miiu- 
mized.  This  connection  method,  therefore,  provided  outstanding 
benefits. 

The  addition^  ^n  error  caused  by  reference  to  signal  phase 
diifts  is  giv^by: 

i  (1  -  coje)  X  100%  <?f  F5R 

where 

6  =  phase  shift  between  Vref  ™d  VI. 

When  the  phase  shift  between  V^gp  and  VI  is  zero,  additional 
quadrature  on  the  signal  will  have  no  effect  on  the  converter. 
This  is  another  benefit  of  the  conversion  method.  ~ 


Figure  2.  Output  Code  Fomat 


CONNECTING  LVDTS 

Since  all  input  connections  to  2S56  converters  are  truVdineren- 
tial,  there  is  great  fiaiibiMqr  ili  the  input  sensor  connection  con- 
figuraticm.  Save  ol  die- various  methods  are  shown  in  Figures  3, 
4andS. 

(It  should  be  noted  that  a  ground  reference  point  should  always 
be  included  and  connected  to  either  the  Vref  or  VI  inputs.) 

It  is  suggested  that  decoupling  capacitors  be  connected  in  paral- 
lel between  the  power  supply  lines  C+Vj,  -Vj,  -1-5  V)  and 
GND,  adjacent  to  the  converter.  Suggested  values  are:  6.8  p.F 
tantalimi  and  47  nF  disc  capacitors  connected  in  parallel.  When 
more  than  one  converter  is  on  a  card,  separate  decoupling 
should  be  used  for  each  converter,  particularly  the  47  nF 
capacitors. 

The  -hVs  and  the  -V^  pins  should  be  connected  to  dc  power 
supplies  of  the  appropriate  polarity  in  the  range  of  ±  15  V  ±5%. 
Care  should  be  taken  to  ensure  that  the  polarity  can  never  be- 
come reversed.  The  +5  V  pins  should  be  connected  to  a 
-1-5  V  ±5%  dc  supply.  The  4-5  V  supply  must  never  be  allowed 
tb  go 'negative  with  respect  to  ground. 
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POIWER  SUPn.V  AND  AL..  DIGITAL 
CONNECTIONS  NOT  SHOWN 


•BRIDGE  COMPLETION  RESISTOilS  ARE 
INTERNAL  ONLY  ON  THE  28Mf2SS< 


Figure  3.  Half  Bridge  LVDT  Connection 


POWER  SUPPLY  AND  ALL  DIGITAL 
CONNECTIONS  NOT  SHOWN 


•BRDGE  COMPLETION  RESISTORS  ARE 
INTERNAL  ONLY  ON  THE  2S54/2Sa6 


Figure  4.  Three-  or  Four-Wire  LVDT  Connection 


POWER  SUPPLY  AND  ALL  DIGITAL 
CCMNECnONS  NOT  SHOWN 


DKSITAL 
POSmON 


^Btm&  7l«iMlSI|»ilW  connect/on 


In  this  method  of  connectioii,  shown  in  Figure  3,  the  internal 
bridge  completion  resistors,  Rl  and  R2,  in  the  2SS4  and  2SS6 
are  used.  If  this  configuration  is  used  with  the  2S58,  external 
precision  resistors  must  be  employed.  The  "BRIDGE  COM- 
PLETION RESISTORS"  in  the  SPECIFICATIONS  section 
details  the  required  precision.  The  internal  resistors  in  the  2SS4 
and  2S56  have  nominal  values  of  10  kfl  and  are  matched  suffi- 
ciently to  ensure  that  the  null  position  of  the  LVDT  is  repre- 
sented by  the  correct  output  code.  The  common  connection 
between  the  two  resistors  (i.e.,  Rc2  to  K^i  oi  the  2S54,  2SS6) 
can  be  replaced  by  a  potentiometer  if  the  null  needs  to  be 
adjusted.  For  differential  measurements,  the  resistors  can  be 
replaced  by  another  LVDT.  The  system  is  nonisolated. 

Three  or  Fonr  Wiii;  I.VDT  Connectioii 

In  this  method  of  connection,  shown  in  Figure  4,  the  converters 
digital  output  is  proportional  to  the  ratio: 

iA-B) 


{A+B)f2 

where  A  and  B  are  the  individual  LVDT  secondary  output  volt- 
ages. Inspection  of  Figure  4  should  demonstrate  why  this  rela- 
tionship is  true.  (A— B)  is  simply  the  voltage  across  the  series 
connected  secondaries  of  the  LVDT  and  is  applied  to  the  VI 
input  to  the  converter.  (A+B)/2  is  effectively  the  average  of 
the  two  secondary  voltages  as  computed  by  the  balanced  bridge 
completion  resisnirs  and  the  grotmdSng  of  the  sSSMtary 
center-tap. 

Note:  This  method  of  connection  is  appropriate  only  for 
where  (A-l-B)  is  a  constant,  independent  of  LVDT  position. 
Any  lack  of  constancy  in  (A-l-B)  will  be  reflected  as  an  addi- 
tional non-linearity  in  the  output.  It  is  up  to  the  user  to  deter- 
mine if  (A+B)  is  sufficiently  constant  over  the  particular 
stroke  length  employed.  (A+B)/2  can  be  monitored  on  the 

"REFo/p"pin.  t:! „.  . .  ' 

This  method  will  usually  restrict  the  usable  LVDT  range  to 
half  of  its  fiill  range.  The  restriction  can  be  eliminated,  how- 
ever, by  attenuating  VI  by  a  factor  of  2  or  >i>cni§>Q§^K^..I?y  ■■. 
afgctorofZ. 

This  conneetion  mc^od  hat  3ie  treniendons  advantage  of  being 
insensitive  to  temperature  related  phase  shifts  and  excitation 
oscillator  instabililty  effects  usually  associated  with  more  conven- 
tional LVDT  conversion  systems. 

As  in  the  case  of  the  Half  Bridge  Type  LVDT  Connection,  Rl 
and  R2  are  the  bridge  completion  resistors  (internal  on  the 
2SS4,  2SS6;  external  on  the  2SS8)  and  are  matched  to  a  degree 
sufficient  to  ensure  that  the  digital  output  representing  the  null 
position  does  not  vary  from  the  LVDT's  natural  null  position.  If 
null  adjustment  is  required,  a  potentiometer  can  be  used  in 
place  of  the  common  connection  between  the  two  resistors. 

Two- Wire  LVDT  Connection 

This  method  should  be  used  in  cases  where  the  sum  of  the 
LVDT  secondary  output  voltages  (A-l-B)  is  not  constant  with 
LVDT  displacement  over  the  desired  stroke  length.  The  method 
of  connection,  shown  in  Figure  S,  still  maintains  the  ratioiiietric 
operation  and  the  insensitivity  to  variations  in  reference  ampli- 
tude and  freqtienc?.  However,  the  phase  shift  between  V^bp 
and  VI  should  be  minimized  to  maintain  aecuracy  (see  Section 
"PHASE  SHIFT  AND  QUADRAItJiffi  IFFECTS").  Sug- 
gested phase  coDqiaisation  dicoits  are  shown  m  Figure  S. 
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Figure  6.  Multiplexing  4  LVDTs  into  the  2SS4/2SS6 


MULTIPLEXING  THE  CONVERTERS 

Although  the  2S56  series  of  converters  are  primarily  intended 
for  use  as  single  channel,  continuous  conversion  devices,  they 
can  also  be  used  in  small  multiplexed  systems  as  shown  in  Fig- 
ure 6.  However,  when  switching  between  LVDT  channels, 
ample  time  must  be  allowed  for  the  converters  to  settle  prior  to 
transferring  data. 

Using  the  2S54/X40  as  in  Figure  6  and  allowing  a  time  between 
samples  of  70  ms,  the  maximum  settling  time  of  the  converter 
can  yield  four  14-bit  results  from  the  4  LVDTs  in  280  ms.  The 
gain  can  be  programmed,  as  shown,  to  accommodate  various 
transformation  rations  of  dissimilar  LVDTs.  Note,  however, 
that  the  finite  "ON"  resistance  of  the  analog  switch  used  with 
the  gain  setting  resistor  can  introduce  gain  inaccuracies.  This 
error  is  minimized  for  lower  gains  as  the  "ON"  resistance  of  the 
switch  will  be  negligible  compared  to  the  gain  setting  resistor. 
The  error  introduced  can  be  calculated  from  the  equation  for 
the  preamplifier  gain  in  the  "INPUT  GAIN"  section. 

SCALING  THE  INPUTS 

In  cases  where  there  is  a  requiiement  for  a  paiticular  LVDT 
stroke  length  to  correspond  to  fiill-scale  on  the  digital  output, 
the  input  gain  must  be  chosen  accordingly.  It  is  important  to 
remember  that  it  is  the  relationship  between  V2  and  V^ef)  "ot 
VI  and  Vrep,  which  determines  the  full-scale  digital  output. 
Furthermore,  it  should  be  ensured  that  these  voltages  are  each 
2  V  rms  ±  10%,  respectively.  For  monitoring  purposes,  V2  is 
brought  to  the  "DIFF  O/P"  pin  and  Vg^F    brought  to  the 
"REF  OIP"  pin. 


O  8ouT 


DYNAMIC  PERFORMANCE  .  v 

The  transfer  fimctian  of  the  coaronea,  tet^  ioi  Figure  7  is 

m^^' ■ '"-  ■'■'•'"^ ■'  '■' 

Open  Loop  Gam: 


-s^  


Aw 


Closed  Loop  Gain: 


Aw 


I+ST2 


where: 


K 

Tl 

T2 

2SS4/Sd  XIO  options 

12000  sec"^ 

14.7  ms 

2.3  ms 

2S54/56  X40  options 

93600  sec"" 

5.9  ms 

1.0  ms 

2S58 

450000  sec^^ 

2.4  ms 

0.4  ms 

The  gain  and  phase  response  of  each  of  the 
shown  m  Figu^  8,  9,  10,  11,  |li 


optmis  IS 


2S54/2S56/2S58 


1 


135 


Hgim  t2-  i$«in      mr  2^  Figure  13.  Phase  Plot  for  2SS8 


ACCELERATION  ERROIt^'  '        '  '"-^rj 
Tracking  conveners  such  as  the  2SS6  series,  employing  a  type  2 
servo  loop,  do  not  suffer  any  velocity  lag.  However,  there  is 
an  adttttianal  mm'  HWten  ^  LVDTIs  u^tngcHng  periods  itf 


accel^niMi. 


The  additional  error  can  be  defined  using  the  K,  constant  of 
the  converter  (see  DYNAMIC  PERFORMANCE  section)  as 
follows: 


Input  acceleration 


,  _  Error  in  output  p<^  ,  _  ,  , 

where  the  «iBBaiWtf'l><lltf  #1t»AlPipipWtMrB  Moei  in  die 
same  units^'  n|    v^'wno:  ^rTT  »?rfv''  TifiJrm 

K,  does  not  define  the  maximum  acceleration,  only  Ae  oror 
due  to  the  acceleration.  Y2  H 

DATA  TRANSFER 

The  validity  of  the  output  data  is  indicated  by  the  state  of  the 
BUSY  output.  When  the  input  to  the  converter  is  changing,  due 
to  a  change  in  displacement  of  the  LVDT,  the  signal  appearing 
on  the  converter's  BUSY  output  pin  is  a  series  of  pulses  of  TTL 
levels.  A  BUSY  pulse  is  initiated  each  time  the  input  moves  by 
the  equivalent  of  an  LSB  and  the  internal  up-down  counter  is 
incremented  or  decremented. 

With  the  INHIBIT  input  pin  in  the  "Hi"  state,  data  will  be 
transferred  ifapq^iafi^fiy.  to  i^tfi^- 

The  two  diree-state  ca^61e  inputs,  ENABLE  L  and  ENABLE 
M,  allow  the  digital  input  to  be  transferred  on  to  a  data  bus  in 
two  separate  bytes.  ENABLE  M  enables  the  most  significaat.  8 
bits  of  the  output  word  while  ENABLE  L  enables  the  remain- 
ing least  significant  bits.  ^ 

Figure  14  shows  the  timing  diagram. 

There  are  two  methods  of  transferring  the  output  data.  The  first 
is  to  detect  the  state  of  the  "BUSY"  which  is  "Hi"  for  1  (jus  max 


and  then  transfer  the  data  when  the  BUSY  is  "Lo".  Both     '  '.'i 
INHIBIT,  ENABLE  M  and  ENABLE  L  must  be  in  their  cor- 
rect Slate  of  "Hi"  and  "Lo"  isspectively,  in  order  that  the  data 
is  presented  to  the  output. 

The  alternative  metihod  is  to  use  the  INHIBIT  input.  Taking 
this  input  to  a  "Lo"  stale  ipcevents  the  internal  monostable  cir- 
cuits being  triggered  an^  cofisequently  the  latches  being 
updated.  Data  will  always  be  vaUd  1  (is  after  the  appUcation  of  a 
l<^c  "Lo"  to  the  INHIBIT.  However,  if  INHIBIT  is  applied 
while  BUSY  is  in  the  "Lo"  state  (with  ENABLE  M  and 
ENABLE  L  also  "Lo''),  data  is  vahd  instantaneously. 

The  internal  tracking  operation  of  the  converter  cannot  in  any 
way  be  affected  by  the  logic  state  present  on  either  the 
INHIBIT  or  the  ENABLE  pins. 

OTHER  INPUTS  AND  OUTPUTS 
Differential  Output  (DIFf  O^)  .. 
This  signal  is  in  fact  VZi aidisi brooibt  aa$m ^pk»tf^ie§ge  to 
simplify  scaling  of  the'Vl  kgnal. 


Direction  (DIR) 

This  TTL  output  signal  indicates  the  direction  of  the 
transducer.  It  is  a  logic  "Hi"  when  countno|^Wl  a  logic 
"Lo"  when  counting  down.  '  m     ■      .r  !. 

Reference  Output  (REF  O/P) 

This  is  the  reference  signal  after  the  input  buffer  stage.  It  can 
be  used  as  a  single  ended  measurement  poin,t  for  the 

input. 

It  can  also  be  used  as  a  BITE  (Built  in  Test  Equipment)  signal< 
to  detect  if  the  LVDT  has  become  disconnected  or  the  reference 
supply  has  failed. 

SUPPORT  OSCILLATOR  , 

A  power  oscillator,  OSC17S8,  is  ai^Mjle  fie  use  as  a  reference 
generator  for  LVDT  and  RVDT  ttSte*Wls.  It  is  capableFbf 
providing  up  to  7  volts  rm^  at  1.4  V^. 


BUSY 
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Figure  14.  2S56  Data  Truster  Timing  C(i^m/f> 
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MEAN  TIME  BETWEEN  FAILURES  (MTBF) 
The  predicted  rdiability  of  these  converters  is  exceptionally  high 
due  to  the  extensive  uses  of  LSI  custom  circuitry.  Figure  15 
shows  the  MTBF  of  the  4YZ  options  as  calculated  according  to 
MIL  HDBK  217D  at  various  temperatures  under  groimd 
benign  environment.  For  MTBF  calculations  under  other  envi- 
nnun^As,  please  consult  the  factory. 


Figure  IS. 
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Main  negative  power  supply. 

Main  positive  power  supply. 

Logic  power  supply. 

Power  supply  ground.  Digital  ^ximul.' 

Parallel  output  data  bits. 
(2S56,  2S58)) 

Inhibit  logic  input.  Taking  this  pin  "Lo" 
uihibits  data  transfer  from  counter  to 
output  latches.  The  conversion  loop 
(jontiniKS  tp  track.  . ,  x 

Converter  BUSY.  A  "W'-  ouqnit  indicates  i 
that  the  output  ktcto  tie  being  updated. 
Data  ^uld  not  be  IHmiMHatfttM  flw 
converter  while  BtlSy^j^^bTi   .  :! 

The  8  most  significant  outpiit' data  bits  Ore  " 
set  to  a  high  impedance  state  by 
application  of  a  logic  "Hi." 

The  6  least  significant  bits  of  a  2S54,  or 
the  8  least  significant  bits  of  a  2S56  "and 
2S58,"  are  set  to  a  high  impedance  state 
by  application  of  a  logic  "Hi." 

Connections  to  Rl,  internal  bridge 
completion  lesistor  (2SS4/2SS6  only). 

Connectk>ns  to  R2,  internal  bridge 
completion  resistor  (2S34/2S56  only). 

TTL  output  indicating  the  diieirtirai  tif  ' 
movement  of  the  transducer. 

Analog  groimd. 

Input  fans  for  ^  Reference  si^ial.^ 

Input  i»ns  for  the  Sigin), 

A  gain  setting  resistor,  or  a  link,  can  be 
coimected  between  these  pins. 

Tbis  is  a  VI  after  scaling  (V2). 

This  is  Ae  referee  ^pil  after  the  input 
buffer  st!^. 

This  should  normally  be  grounded.  Case 
can  be  taken  to  any  voltage  with  a  low 
impedance  up  to  ±20  V. 

Test  Point.  Do  not  make  connections  to 
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receive  me  louowing  processing: 
nocew  Coaditkm 

1.  Pteseal  Bum  In  64  Hours  at  +12$^&::=:r 

2.  Precap  Visual  Inspection  In-House  Criteria! ' 

3.  Seal  Test,  Fte  «id  Gcoss  iBrHonse  Criteria! 

4.  Final  Eleei^ 

Extended  temperature  raa|e  1 
processing  as  follows: 

4.  Finll  TOfftriirB'  Test  Performed  at  Maximum  and  Mini- 

mum Operating  Temperatures 

FROCESSn^  FWraOH  RELIABILITY 

All  extended  ^iperature  range  models  are  available  with  Ugh 
idial^^  wete^Bg.  The  parts  are  identified  with  a  B  suffix, 
and  i^'iie#iw|the  following  processing. 


2SS0 

OSC1758 
IPA1764 


Digital  Convener  (Monolithic  IC) 

10  Bit  +  Sign,  LVDT  to  IMgital  Converter 

(Hybrid) 

Power  Oscillator  (Hybrid) 
Induetosyn  Pre-Amplffier  (Hybrid) 


Process 

1 .  Preseal  Bum  In 

2.  Precap  Visual  Inspection 

3.  Temperature  Cycling 

4.  Constant  Acceleration 

5.  Interim  Electrical  Tests 

6.  Operating  Burn  In 

7.  Seal  Test,  Fine  and  Gross 

8.  Final  Electrical  Testing 
(Group  A) 

9.  External  Visual  Inspection 


Conditions 

64  Hours  at  +125°C 
MIL-STD-883,  Method  2017 
10  Cycles,  -65°C  to  +W!K 
5000G,  Yl  Plane 

96  Hours  at  +125°C 
MlL-STD-883,  Method  1014 
Performed  at  T„i„,  Tambj 
and  T„„ 

MlL-STD-883,  Method  2009 


NOTE:  Test  and  screening  dau  can  be  supplied.  Further  infor- 
niation  oH'i^B^p^. 


ORDERING  INFORMATKm 


2S5N/ 
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ISgii  ReUatrility  Process 


Y^  I   SO  Hz  Bandwidth  (2SS4,  2SS6  Oid$9 
(Rrf360Hz-S  kHz) 

Y  =  4   140  Hz  Bandwidth  (2SS4,  2SS6  €«i|f) 

(Ref  1  kHz-5  kHz) 

Y  =  0    300  Hz  Bandwidth  (2S58  Only) 

X  =  5    0  to  +70°C  Operating  Temperature  Range 

X  =  4   -55°C  to -l-125''C  Operating  Temperature  Range 
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COMMUNICATIONS  PRODUCTS 


I 


Analog  I/O  Ports 


General  Purpose 


AD7868  (12  Bit/Serial  Interface) 
AD7869  (14  Bit/Serial  Interface) 


Digital  Mobile  Radio 


AD7001  (European  GSM  Baseband) 
AD7002  (European  GSM  Baseband) 
AD7005  (No.  Amer  TIA  Baseband) 


DSP  Peripherals 


ADZSmspOl 

(High  Perf  Modem  Fnmt  End) 
AD28msp02 

(Voiceband  linear  Codec) 


Line  Drivers/Receivers 


RS-232  Standard 
(#Drv/#Rcv) 


AD230  (5/0) 
AD231  (2/2) 

AD231A  (Improved  AD231) 
AD232  (2/2,  +5V) 
AD232A  (Improved  AD232) 
AD233  (2/2,  No  Ext  Caps) 
AD233A  (Improved  AD233) 
AD234(4/0) 

AD235  (5/5,  No  Ext  Caps) 

AD236  (4/3) 

AD237  (5/3) 

AD238  (4/4) 

AD239  (3/5) 

AD24|(4/5) 


Dual  RS-232/RS-422  Standard 


Telecommunications 


AD7001 

(European  GSM  Baseband 
AD7002 

(European  GSM  Baseband 
AD7005 

(No.  Amer  TIA  Baseband  1 


Direct  Digital  Sjmthesis 


AD7008  (IF  Modulator) 
AD9901 

(Phase/Frequency  Discrimi 
AD9950 

(300  MHz  Phase  Accumula 


Analog  Filters 


AD73()6 

(Drivers:  2[232]  &  1[422]) 
(Receivers:  1[232]  &  1[232  or  422]) 


AD2341  (Reco^[gtructiojiFi 
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Analog  I/O  Poils 


DAC/ADC 

RcSOllllMMI 

DACVADC 
SNR  +  THD 

Thiough- 

DDt 

1™* 

Kef.  Volt 

Bos 

Fteinge 

Model 

BHs 

dB 

kSPS 

Int/Ezl 

Interface 

Options* 

Page 

Comments 

*AD7001 

1W8 

S6M 

2170 

2.5  V,  Int 

10,8, 
Serial,  |jiF 

10 

C 

C1+-I7 

GSM  Baseband  I/O  Port 

*AD7002 

lO/U 

-m 

4333  (DAC) 
541.7  (ADC) 

2.5  V,  lot 

Serial,  |tP 

10 

C 

CI4-59 

GSM  Baseband  I/O  Port 

with  On-Board  GMSK  ModnlatioB 

*AD7005 

1002 

-m 

97.2  (DAC) 
194.4  (ADC) 

2.3  V,  Int 

Serial,  |iF 

10 

<? 

CI  4-75 

TIA  Baseband  I/O  Port 

*AD7868 

ufn 

nm 

83 

3.0  V,  Int 

Serial,  |tP 

2,3,6 

I,M 

Cn8-79 

Complete  12^Bit  Andog  I/O  Syalem 

*AD78fi9 

wu 

■nm 

83 

3.0V,lirt 

Scail,|iP 

2,3,6 

I,M 

Cn8-95 

Convlete  14-Bit  Amdog  M)  System 

*/U>28oup02 

UfU 

am 

8 

Said.|iP 

6 

C 

CI4-25 

Coopkle  Voice  Bsad  Linear  Codec 
with  On-Chq)  Filtering 

*iU>28iiiapOI 

wu 

80/80 

7.2/8.0/9.6 

2.5  V,  Int 

Serial,  |iV 

C 

CI4-9 

Cogqilete  Malog  Front  End  figr  1^ 
PHCDOHnce  I^-^^  Modems 

)g  Filters 

SNR 

Bus 

Package 

Temp 

y  V 

I'- ' 

< 

Modd 

(typ)  dB  laterface 

Optioos' 

Range^ 

Page 

Comment 

5 

C  i  . 

>  n      <  ■  <   AD7341    75  Paraiiel,  yxf    2,5  C  CI 4-99    Voiceband Rectmstniction  FDHT' 

AD7371    75  Fsndlel,  mP    2,5         C  CI4-99    Voiceband  Antialiasing  Filter 


'Package  Options:  1  =  Hometic  DIP,  Ceramic  or  Metal;  2  =  Plastic  or  Epoxy  Sealed  DIP;  3  =  Cadq>;  4  =  Ceramic  Leadlen  Chip  Ciiiier,  S  =  Planic  Leaded  Chip  Carrier;  6  =  Small  Outline  "SOIC  Pkckag^ 
7  =  Hermetic  Metal  Can;  8  =  Hermetic  Metal  Can  DIP;  9  =  Ceramic  Flatpack;  10  =  Plastic  Qtiad  Flaipack;  11  =  Single-in-Line  "^IP'  Ftidiage;  12  =  Ceramic  Leaded  Chip  Cuiitr;  13  -  Nonbetmetic  Cenmic/ 
Glass  DIP;  14  =  ]-Leaded  Ceramic  Package;  IS  =  Ceramic  Pin  Grid  Amy;  16  =  TO-92.  ^ 

'Temperanire  Ranges:  C  =  Cammodal,  0  m  +70%;  I  -  IndiMiU,  -4(rC  to  +8S°C  (Seme  older  ptobicis  -25'C  to  +8S°C)i  M  =.AUlinry,  -SS°C  to  +12S°C. 

'Operates  to -25°C. 

*Bold&ce  tale:  Product  recommmdwl  for  newdajgn. 
*Mew  prodect  since  the  publicatian  of  the  molt  I 
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Direct  Digital  Synthesis 

Model      Bus  Interface    Package  Options'    Temp  Range'  Comments 


Vage 


*AD7008 

8/16  |iP 

10 

3,4,5 

c,  m 

*AB9950 

me  |ijp 

14 

DDS  IF  Modnlator  widi  32-Kt  Phase  Accumulator  and  lO-Ut  DAC,  20  MHz  Onlput  C 1 4-91 
CivabDity,  Sint^  S  V  Siqipljr,  Low  Power 

Utrahigli  Speed  Digital  Phase/Frequency  Disciiminahv,  No  "Dead  Zoae,"  C 1 4-llS 
Liaear  Transfer  Function  up  to  200  MHz 

32-Bit,  300  MSPS  Phase  Accumulator  for  DDS,  On-Board  Quad  Logic  C I  4-123 


Telecommunications 


Model  Description  ' 

LIU-01  Serial  Data  Receiver  Reconstructs  Qock  and  Data 

RPT-82  Tl/El  PCM  Repeater  Featuring  Automatic  ALBO""     x*«= ' 

RPT-83  Tl/El  PCM  Repeater  with  ALBO  and  Chick  Shutdown  Ocnit 

RrT-S5  Tl/ti  PCM  Repeater  with  XR-T445  Pinout 

RPT-86  Tl/El  Low  Power  PCM  Repeater  with  ALBO 


3,6 
3,6 
3,6 
2,  3,6 


RPT-87    Tl/El  Low  Power  PCM  Repeater  with  /VLBO  and  Qock  Shutdown  Circuit     2,  3,  6 


Tenq).Range^ 

I 
I 
I 
I 
I 
I 


Page 

C 1 4-135 
C  I  4-147 
C  I  4-147 
C  I  4-155 
C  I  4-163 
C I  4-163 


vt«r' 


'  3 


lit  i('^«(>3"  1  M  l.'""^ 

HMjWf  WW*!™ 


crf-»  cm 


Line  Drivers/Receivers 


Power 

No;  of 

No.  of 

External 

Low  Power 

TTL  Three- 

No. 

Package 

Temp 

Model 

SispfifyVotlage 

Dnvers 

Receivers 

Capacitors 

Shutdown  (SD) 

State  EN 

of  Pins 

Options' 

Range^ 

Page 

*AD230 

+5V 

5  (232) 

0 

4 

Yes 

No 

20 

2,  3,6 

C,  I 

CI  4-29 

*AD231 

+5  V  &  7.5  V  to  13.2  V 

2 (232) 

2  (232) 

2 

No 

No 

14 

2,  3,6 

C,  l,M 

CI  4-29 

♦AD231A 

+5  V  &  7.5  V  to  13.2  V 

2(232) 

2 (232) 

2 

No 

No 

14 

2,3,6 

C,I,M 

CI  4-41 

*AD232 

+5V 

2  (232) 

2(232) 

4 

No 

No 

16 

2,  3,  6 

C,  I,  M 

CI  4-29 

*AD232A 

+5V 

2(232) 

2 (232) 

4 

No 

No 

16 

2,3,6 

C,  I,M 

CI  4-41 

*AD233 

+5V 

2(232) 

2  (232) 

None 

No 

No 

20 

2 

C,I 

CI4-29 

*AD233A 

+5V 

2(232) 

2 (232) 

None 

No 

No 

20 

2 

C,I 

CI  4-41 

♦AD234 

+5V 

4(232) 

0 

4 

No 

No 

16 

2,3.6 

C,  I 

CI  4-29 

*XD23S 

+5V 

5 (232) 

5(232) 

None 

Yes 

Yes 

24 

2,3 

C,I 

CI  4-29 

*At>m 

+5V 

4(232) 

3(232) 

4 

Yes 

Yes 

24 

2,  3,  6 

C,I,M 

CI  4-29 

»AD237 

+5V 

5(232) 

3(232) 

4 

No 

No 

24 

2,  3,  6 

C,I 

CI  4-29 

*AD238 

+5V 

4(232) 

4(232) 

4 

No 

No 

24 

2,3,6 

C,I,M 

CI  4-29 

»AD239 

+5  V  &  12  V 

3(232) 

5 (232) 

2 

No 

Yes 

24 

2,3,6 

C,1,M 

CI4-29 

♦AD241 

+5  V 

4(232) 

5 (232) 

4 

Yes 

Yes 

28 

6 

C,I 

CI4^ 

»AD7306 

+5V 

2 (232) 

1(232) 

4 

No 

No 

24 

6 

C,I 

CI  4-93 

1(422)  1(232/422) 

'Package  Options:  1  ^  Hermetic  DIP,  Ceramic  or  Metal;  2  =  Plastic  or  Epoxy  Sealed  DIP;  3  ^  Cerdip;  4  ^  Ceramic  Leadless  Chip  Carrier;  5  =  Plastic  Leaded  Chip  Carrier;  6  =  Small  Outline  "SOIC"  Package; 
7  =  Hermetic  Metal  Can;  8  ^  Hermetic  Metal  Can  DIP;  9  =  Ceramic  Flatpack;  10  =  Plastic  Quad  Flatpack;  11  =^  Single-In-Line  "SIP"  Package;  12  =  Ceramic  Leaded  Chip  Carrier;  13  =  Nonhermetic  Ceramic/ 
Glass  DIP;  14  =  J-Leaded  Ceramic  Package;  15  =  Ceramic  Pin  Grid  Array;  16  =  TO-92. 

^Temperature  Ranges:  C  =  Commercial,  0  to  +70*^;  I  =  Industrial,  -40*^  to  H-SS^C  (Some  older  products  -25*C  to  +85'C);  M  =  Military,  -55X  to  +125X. 
'Operates  to  -25''C. 

Boldface  Type:  Product  recommended  for  new  design. 

*New  product  since  the  publication  of  the  most  recent  Databooks. 
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Communications  Products 


Analog  Devices  produces  a  wide  range  of  products  serving  the 
needs  of  the  communications  industry.  Our  product  portfolio 
contains  devices  designed  for  such  applications  as  digital  mobile 
radio,  radar,  telecommunications,  LANs,  and  other  serial  data 
transmission  applications.  A  brief  description  of  our  commimica- 
tions  product  portfolios  along  with  their  respective  aiifdicatiaiu 
is  given  bdow. 

ANALOG  I/O  PORTS 

The  Analog  I/O  Ports  product  portfolio  diqdayed  in  this  section 
contains  iq)plicadon  spedSc  devices  used  in  tdecommimication 
and  digital  mobile  radio  qqilkations.  The  AD7001,  AD7002, 
are  baseband  modulators  dfsigned  spedficalljr  to  meet  the 
requirements  of  the  Eiuopean  Groupe  Spedate  Mobile  (GSM) 
digital  cdlular  tdephone  system.  The  AD700S  meets  the 
requirements  of  the  North  American  Tdecommunications 
litMi       Industries  AModolMB  (17^  ttmtaA  tai  its  digital  cellular  tele- 
phone syat^lli. 

The  AD7001  provides  two  10-bit  DACs  and  filters  to  generate  a 
Gaussian  Minimum  Shift  Keyed  (GSMK)  modulated  bit-stream 
at  220  Kbits/sec.  This  modulated  bit-stream  is  guaranteed  to 
meet  the  requirements  of  the  GSM  qiedfication.  Hie  receive 
cfaamiel  provides  an  IQ  amplifier,  a  programmable  gain  ampli- 
fier and  a  sanq>le4nd-hold  circuit  mixing  for  necessary  signal 
preconditioning.  The  circuit  features  independent  shutdown 
control  of  the  transmit  and  receive  functions  for  low  power 
operation  and  also  includes  an  8-bit  DAC  for  control  of  fimc- 
tions  sueb  Mi  AF(C  w  AGC. 

The  AD7002  is  also  designed  for  GSM  but  indudes  die  ROM 
and  logic  to  produce  the  GMSK  modulated  digital  inputs  to  the 
DACs.  The  ttsnsmit  path  conrists  of  an  on-board  ROM,  and 
two  hi^  accutaqr,  fiat  lO-fait  DACs  with  ouqmt  reconstructiim 
filters.  The  receive  path  is  composed  of  two  high  performance 
sigma-ddtt  M)G»  with  digital  filtering.  Three  control  DACs 
ranging  from  8-  to  10-bit  accuracy  are  also  included  for  AFC, 
AGC,  and  carrier  signal  shaping  functions.  The  device  also  fea- 
tures power  shutdown  capabilities. 

The  AO700S  is  designed  for  die  North  American  TIA  standard. 
h  features  two  lO-bit  transmit  DACs  and  filtering  required  fot 
die  TIA  standard.  Two  sigma-ddta  12-bit  ADCs  are  provided 
for  the  receive  channel  lioBg  with  digital  FIR  fihoing^  Three 
auxiliary  DACs  are  also  provided.  This  device  also  has  power 
shutdown  capabilities. 

The  AD28msp01  is  a  complete  analog  front-end  for  high  per- 
formance modems  and  the  AD28insp02  is  a  voiceband  codec 
providing  a  complete  analog  front  end  for  high  performance 
voiceband  DSP  apidications.  Bodi  devices  have  similar  architec- 
tures and  contain  a  16-bit  sigma-ddta  ADC  and  DAC  with 
on-chip  antialiasing  and  smoothing  filters. 

The  AD7868  and  AD7869  are  12-  and  14-bit  83  kSPS  I/O  pom 
designed  for  modems  and  other  communications  equipment. 
Both  devices  provide  simple  interfaces  to  the  serial  ports  of  stan- 
dard DSP  processors  such  as  the  ADSP-210I  and  are  folly  spec- 
ified in  terms  of  ac  and  dc  petformaaoe.  Both  devices  have  an 
analog  mpatiaatpat  range  of  :k3-V  aiid  hamt  law  {tower  con^ 
sumption  (130  mW  typiad). 


The  specifications  pertaining  to  the  Analog  I/O  Ports  are  similar 
to  the  ADC  and  DAC  specifications,  and  the  definitions  to  these 
specifications  may  be  found  in  the  orientation  segments  of  each 
respective  product  section. 

.    .      ,       -   -  ,        :  V  -^J     C  w  -A 
VOICEBAND  FILTERS 

The  AD734I  and  AD7371  are  a  switched  capadtor  voiceband 
reconstruction  and  antialiasing  filter  chipset,  respectivdy. 
These  devices  are  dwtignfd  to  be  ited-itpenqiuictiini  with  the 
AD787I/AD7872  and  AD7840  14^  tM  tod  D/A  converters 
or  the  14-bit  AP7869.  analog  I/O  port  to  form  a  complete  analog 
front-end  finr  voiceband  DSP  appliaWTons.  This  chipset  substi- 
tutes for  diserm  aetiwsfilien  aad/br         filtering  used  on 
high  performance  DSP  front-ends  llntt  ledticiiig  design  time, 
component  cost,  and  PCB  real  estate.  Specifications  along  with 
definitions  are  provided  on  the  data  sheets. 

DIRECT  DIGITAL  SYNTHESIS/PHASE  LOCK  LOOP 
The  AD7008  and  AD9950  are  designed  for  direct  digital  syn- 
thesis (DDS)  applications  used  for  dynamic  sine  waveform  syn- 
thesis. The  AD7008  is  a  numerically  controlled  oscillator 
employing  a  32-bit  phase  accumulator  and  a  10-bit  DAC  inte- 
grated on  a  single  CMOS  chip.  The  device  is  capable  of  phase 
modulation,  frequency  modulation,  and  both  in-phase  and 
quadrature  amplitude  modulation  suitable  for  SSB  generation. 
Clock  rates  up  to  50  MHz  are  supported,  thus  providing  for 
usable  analog  outputs  up  to  about  20  MHz.  The  AD9950  is  a 
32-bit,  300  MHz  phase  accumulator  used  as  a  building  block  for 
higher  speed  DDS  applications.  This  device  supports  DDS 
applications  using  clock  rates  between  100  MHz  and  300  MHz. 
The  AD9901  is  a  digital  phase/frequency  discriminator  used  in 
phase-lock  loop  applications  and  is  capable  of  directly  comparing 
fdiase/frequoicy  inputs  up  to  2O0  MHz.  Specifications  along 
with  d^ffihibns- are  ^xn^l^^  Hie  dtta  ibeeet.  ' 

SERIAL  COMMUNICATIONS 

The  AD232  fiunily  of  parts  consists  of  low  power,  high  perform 
mance  driver/teceiva  products  fin  the  RS-232  traooipssimi  stan- 
dard. The  parts  are  designed  to  meet  the  rbquirements  of  EIA- 
232-C,  EIA-232-D  and  CCITT  V.28.  The  AD231,  AD232, 
AD233  support  the  basic  RTS-CTS  and  XON-XOFF  protocols, 
while  die  AD230,  AD234,  AD23S,  AD23!$vAIJ2^,  4D238, 
AD239  and  AD241  provide  a  sdection  of  dioferent  receiver  and 
driver  combinations  that  can  be  used  to  implement  a  wide  vari- 
ety of  interface  types.  The  AD24I  is  particularly  suited  to  die 
standard  PC  serial  interface.  This  part  has  been  designed  to 
meet  the  specific  needs  of  a  PC  environment  and  provides  anqile 
driver  current  to  direcdy  drive  a  mouse. 

The  AD231A,  AD232A,  AD233A  are  enhanced  pin-compatible 
versions  of  the  AD231,  AD232,  and  AD233  offering  116  Kbaud 
operation  while  using  0.1  piF  charge  pump  capadtors. 

The  parts  feature  single  S  V  supply  operation  and  low  operating 
current.  A  selection  of  features  including  tri-stateable  outputs, 
on-board  capadtors  and  a  1      shutdown  mode  are  available. 
On-board  slew  rate  control  ensures  comp|iaqce.  to  the  standards 
with  no-reqt^tincBt  for  e»siial''aleir  Date  emtrol  capadt«^ 
Under  power-off  conditioiis,  driver  ou^ot  ia^edance  is  gf^ler 
^■(baa  300  dma  and  the  receivers  are  designed  to  lejea  o^aoise 
impulses  on  the  line  that  are  fiuta  than  about  I  pifc 


The  AD7306  is  a  multiprotocol  driver  that  sujqports  bodi 
RS-232  and  RS-422  standards.  This  is  the  industry's  first  single 
5  V  supply,  multiprotocol  part.  It  operates  aD-baard-saving 
0.1  liF  oqiacitois  and  provides  RS-422  transmissiini  iMm  sp  10 
10  MHz.  It  also  features  very  low  output  driver  six*, 

TELECOMMUNICATIONS 

Our  repeater  and  receiver  line  of  communications  products 
serves  the  needs  of  the  serial  data  transmission  networks  used  in 
telecommunications  and  LANs.  These  products  perform  the 
difficult  interfacing  function  between  the  analog  nature  of  a 
transmission  line  and  the  digital  world  of  the  microprocessor. 
The  repeater  products  regenerate  data  which  has  been  attenu- 
ated and  distorted  along  the  transmission  line  and  retransmit  the 
information  synchronized  to  the  original  clock  rate.  The  receiver 
products  terminate  the  transmission  line  and  separate  the  incom- 
ing clock  and  data  information  into  microprocessor-compatible 
signals.  Both  are  compatible  with  NRZ  and  RZ  data  transmis- 
sions, and  both  operate  transparent  to  data  formatting. 

The  RPT-82/RPT-83  are  monoUthic  PCM  repeaters  used  to 
regenerate  altemate-mark-inversion  pulses  in  PCM  carrier  S3rs- 
tems  at  Tl  (1.544  Mbps)  and  T148  (2.048  Mbps)  data  rates. 
These  repeaters  contain  a  high  gain  preamplifier  and  ALBO  dr- 
cuitry  to  achieve  over  40  dB  of  input  signal  dynamic  range. 
RPT-86/RPT-87  are  next  generation  PCM  repeaters  similar  to 
the  RPT-82/RPT-83  with  many  additional  performance  enhance- 
ments. These  repeaters  operate  from  a  single  5.6  V  supply  and 
are  compatible  with  Tl,  T148,  and  the  higher  data  rate  TIC 
(3.152  Mbit)  systems.  The  RPT-86/RPT-87  both  contam  dual 
ALBO  ports  for  an  increased  dynamic  range  of  over  50  dB. 
They  also  exhibit  greatly  improved  stabihty  versus  temperature 
and  supply  voltage  fluctuations.  Bodi  the  RPT-83  and  RPT-87 
also  contain  a  clock  shutdown  function  to  prevent  the  transmis- 
sion of  false  data  when  the  incoming  signal  falls  below  a  usable 
level. 

The  LIU-01  is  a  versatile  serial  data  receiver.  It  also  contains 
dual  ALBO  ports  for  over  60  dB  of  dynamic  range  and  operates 
at  data  rates  from  300  bps  to  over  6  Mbps.  Unlike  the  repeaters, 
the  LIU-01  presents  both  data  and  clock  as  TTL-CMOS  com- 
patible outputs.  It  also  outputs  a  LOSS  OF  CARRIER  signal 
indicating  diat  the  incnming  aignal  has  fidlen  heknr  a  nsdde 
level. 

IffiFINinONS  OF  SPECIFICATIONS 
(REPEATEK/KECEIVER  PRODUCTS) 
ALBO  Diode  Impedance— The  small-signal  impedance  of  the 
AUBO  diode  measured  &om  the  ALBO  input  to  ground.  The  ac 
inqxdance  is  the  parallel  combination  of  tvro  diode-coimected 
transistors  and  approximately  3  pF  of  stray  capadtance.  The 
impedance  of  the  transisnns  is  inversely  proportional  to  the  cnt^ 
rem  flowing  through  than,  Rq  =  13/Id,  where  Rq  is  the 
ALBO  diode  impedance  in  ohms  and  Iq  is  the  ALBO  diode 
current  in  mA. 

ALBO  Threshold— The  differential  voltage,  measured  between 
die  prauap  outpau,  that  ia  required  to  activate  the  internal 
peak  detectw  iriiidi  drives  coirent  through  the  ALSO  diodes. 


AMI— Alternate  Marit  Inversion.  A  form  of  digital  signal  trans- 
misuiai  where  each  successive  1-bit  is  of  opposite  polarity. 

Automatic  Line  Bnild  Out,  ALBO— An  automatic-gain-oontrol 
circuit  which  operates  by  simulating  the  attenuation  and  fre- 
quency distortion  of  an  esnension  of  the  transmission  line. 

Bipolar  Violation,  BPV— The  ttanamissian  of  tMO  «M|Keiitive 
pulses  of  the  same  polarity. 

Kt  Enor  Rate,  BER— A  count  of  die  emned  data  bita  received 
per  second  of  transmission. 

Qock  nueahoU— The  differential  voltage,  measured  between 
the  picfflnp  outputs,  that  is  required  to  activMe  ^  dtidt  syn- 
chronization circuitry. 

Data  Threshold— The  differential  voltage,  measured  between 
the  preamp  outputs,  that  is  required  to  activate  the  data  detec- 
tion circuitry. 

Equalizing  Network— A  network  which  compensates  for  the 
attenuation  and  frequency  response  of  die  tzanandssiaB  caUe 
over  the  operating  bandwidth. 

Eye  Pattern- The  trace  obtained  on  an  oscilloscope  by  viewing 
a  serial  data  receiver'sAi^eater's  preamplifier  ca^at  wfcOe 
teceivii^  a  QRSS  input  sigmd. 

bttetfeience  Mmgin- The  ratio  of  the  signal  amplitude  to  the 
maximum  noise  amplirade  that  a  system  can  tolerate  without 

errors.  Interference  Margin  =  20  Log  (S/N)  dB. 

Loss  of  Carrier,  LOC— An  output  indicating  that  the  incoming 
signal  has  fallen  below  a  usable  level.  This  signal  is  active  low. 

Maximum  Density— An  input  signal  pattern  consisting  of  all  Is. 

Mimbmmi  Denaily— For  Tl  format,  this  is  a  repeating  signal 
pattern  consisting  of  two  Is  followed  by  fourteen  Os. 

Oscillator  Bias  Voltage— A  dc  level  used  to  set  the  center  point 
of  an  LC  oscillator  tank's  operation. 

Output-Pulse  Rise  (Fall)  Time— Measured  from  the  10%  to 
90%  points. 

Output-Pulse-Width  Differential— In  a  Tl  carrier  syston,  a 
typical  transmitted  data  pulse  width  is  324  ns.  The  pulse-width 
di£ferential  is  the  difference  in  pulse  width  of  two  successive 
output. 

PlteampHfier  Bandwidtii— 3  dB  bandwiddi  of  the  preamplifier 
circuit. 

Quasi-Random  Signal  Srauce,  QRSS— A  signal  coasistmg  of 
random  Is  and  Os. 

RCLK— Received  dock  data  octtacted  fitan  the  incoming  data 

signal. 

RNEG— Received  data  ezoacted  bom  n^ative  incoming  ^nal 

levels. 

KFOS— Recdved  data  extracted  from  positive  incoming  signal 
levels. 
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ANALjCXa 
PEViaiS 


Echo-Cancelling  Modem 
-  Analog  Front  End 


AD28msp01 


FEATURES 

16-Bit  Sigma-Delta  A/D  Gonyaiter 
16-Bit  Sigma-Delta  D/A  Converter 
80-dB  SNR  and  THD 

Linear  Phase  Antialias  and  Anti-Image  Filters 
Digital  Resampling/Interpolation  Filter  i:.  i 

On-Chip  Voltage  Reference 
7.2  kHz,  8.0  kHz,  and  9.6  kHz  Sampling  Rates 
8/7  Mode  for  84»^  9.14  Hi!,  md  10.97  kHz 

Sampling  . 
Synchronous  and  Asynchronous  DAfifilBfelltwteB: 
Bit  and  Baud  Clock  Generation 
Transmit  Digital  Phase-Locked  Lmp for 'SamilMl 

Synchronization 
Independent  Transmit  and  Receive  Phase  AdJustmeilt 
DSP-Compatible  Serial  Port 
Single  -t-5  V  S»^tflt»il^MICimi^Ooim  MoO* 
28-Pin  DIP 

APPLICATIONS 

High  Performance  DSP-Based  Mi 

V.32ter,  V.32bis,  V.32,  ^fX^ft^ 

Ben  212A,  103  ^  P 

Fax  and  Cellular-Compatible  Modems 

V.33,  V.29,  V.27ter,  V.27bis,  V^27, 
Integrated  Fax,  Modem,  and  Speech 

GENERAL  DESCRIPTION 

The  AD28msp01  is  a  complete  analog  front  end  for  high  perfor- 
mance DSP-based  modems.  The  device  includes  all  data  conver- 
sion, filtering,  and  clock  generation  circuitry  needed  to 
implement  an  echo-cancelling  modem  with  one  companion  digi- 
tal signal  processor.  Software-programmable  sample  rates  and 
clocking  modes  support  all  established  modem  standards. 

The  AD28msp01  utilizes  advanced  sigma-delta  technology  to 
move  the  entire  echo-canceUing  modem  implementation  into  the 
digital  domain.  The  device  maintains  80  dB  SNR  and  THD 
throughout  all  filtering  and  data  conversion.  Purely  DSP-based 
echo  cancellation  algorithms  can  thereby  maintain  robust  bit 
error  rates  under  worst  case  signal  attenuation  and  echo  ampU- 
tude  conditions.  The  AD28msp0rs  on-chip  interpolation  filter 
resamples  the  received  signal  after  echo  cancellation  in  the  DSP, 
freeing  the  processor  for  other  voice  or  data  commimications 
tasks. 

On-chip  bit  and  baud  clock  generation  circuitry  allows  either 
qmcfaronous  or  asynchronous  operation  of  the  transmit  (DAC) 


and  receive  (ADC)  paths.  Each  path  features  independent  phase 
advance  and  retard  adjustments  via  software  control.  The 
AD28msp01  can  also  synchronize  modem  operation  to  an  exter- 
nal terminal  bit  clock. 

Packaged  in  a  28-pin  DIP,  the  AD28msp01  provides  a  compact 
solution  for  space-constrained  environments.  The  device  oper- 
ates from  a  single  -1-5  V  supply  and  offers  a  low  power  sleep 
mode  for  battery-powered  systems.  'irr  .. 

A  detailed  block  diagram  of  the  AD28lli{901  iw  ahcm  m 
Figiu-e  1. 

The  following  abbreviations  are  used  in  this  data  sheet: 

DAC— Digital-to- Analog  Converter 
ADC— Analog-to-Digital  Converter 
SPORT-Serial  Port 

iaG#(eset— in  a  soft  reset,  the  AD28msp01  is  reset  but  the  con- 
trol register  values  do  not  change. 


•  tfj: 
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Analog  Devices  assumes  Bo  Qbligt^SRrag^idii^vfubiie  coMMfaetuiKWless  e^wm^saggc^  KKu'veO  r  i.^' 


AD28msp01 


PIN  DESCRIPTION 

Name  Pin  #      Type  Description 


Analog  Interface 

VlN 

VoUT+ 
VoUT- 

REFCAP 


27 
26 
2 
3 
28 


21 


Serial  bteiface  j 

SCLK  18  '' 

SDI 
SDIFS 
SDO 
SDOFS 
Clock 


I 
O 

o 
o 
o 

I 


*DDA 

GNDA 

Vddd 

GNDD 


OS 


TSYNC 

7 

I 

TBIT 

9 

O 

TBAUD 

10 

o 

TCONV 

8 

o 

KBIT 

12 

o 

RBAUD 

13 

o 

RCONV 

11 

0 

MiMeBaacoai 

MCLK 

14 

I 

RESET 

6 

I 

CS 

23 

I 

1 

4,  25 
16,  17 
5. 15,  24 


Inverting  terminal  of  the  input  amplifier  to  the  receiver  (ADC).  Refer  to  Figure  2  for  the  analog  input 
interface  coimections. 

Feedback  terminal  of  the  input  amplifier  to  the  receiver.  Refer  to  Figure  2  for  the  analog  input  interface 
coimections. 

Noninverting  output  terminal  of  the  output  differential  amplifier,  from  the  transmitter  (DAC).  Refer  to  Figure 

3  for  the  analog  output  interface  connections. 

Inverting  output  terminal  of  the  output  differential  amplifier  from  the  transmitter.  Refer  to  Figure  3  for 
analog  output  interface  coimections. 

Voltage  reference  decoupling  pin.  An  external  0.1  |iF  capacitor  is  recommended  on  this  pin  for  optimum  noise 
perfonnance. 

Serial  clock  used  for  clocking  data  or  control  bits  to/from  the  serial  port  I^FORT^  tlMitS^aeacy  at  this  dock' 
is  1.7280  MHz.  This  pin  is  tiistated  when  the  chip  select  pin  is  low. 

Serial  input  of  the  SPORT  used  to  supply  data  tamtatetaSamiiiiaaMhe  Mi^teH^k  ttift  W^a  igDiaifil 
when  the  chip  select  pin  is  low.  <        .^''.r.fj  iaolS  OU'  -  •  is  i : 

Framing  synchronization  signal  for  serial  data  tnmdiMWttl'4I3ta$l^l'<'rii:4ll^jni<^^MM'p>i>-& 
ignored  when  the  chip  select  pin  is  1 
Send  output  of  the  SPORT  used    obtain  data  < 
tritts&l  when  the  chip  select  pin  is  low. 

ation  signal  for  serial  c 


the  AS2tepf .ifUtt  pinis  ' 


f;  tlDii  ^m- 


le  transmit  clocks  and  the  converter 
TSYNC  and  Mygdi^o^  .TSYNC  mo^ 
external  dock  mint'be  piogrMBmed  in  Conttol 


:.rs«t.,        .fi'*':--''!?'  1*" 

IS  prognmmable  na  Contnd  R^jaier  3. 


docks  t 
and  is  i 

Registeffe.  Thilpiii  must  t 
Transmit  Bit  Rate  Clock, 
is  synchronized  to  the  TCONV  clock. 
Transmit  Baud  Rate  Qock.  This  is     output  | 
It  is  synchronized  to  the  TCONV  cl<xlt. 
Transmit  Conversion  Clock.  This  clock  indicates  when  the  ADC  has  finished  a  sampling  cycle.  The  frequency 
of  TCONV  is  programmed  by  setting  the  sample  rate  field  in  Control  Register  0.  The  ptogt^mmed  TCONV 
rate  can  be  scaled  by  a  factor  of  8/7  by  setting  Bit  9  in  Control  R«E^ter_l..  The  phase  of  "tCQNif  can  . 
adjusted  by  writing  the  Transmit  Phase  Adjust  Register. 

Receive  Bit  Rate  Clock.  This  is  an  output  clod^  moae  fi^iuen^  is  pi^^^immdilc  via  Caomd  Register  2,  It  is 

synchronized  to  the  RCOKV^  clock.  ..  , 

Receive  Baud  Rate  Clock.  This  is  an  output  clock  whose  frequency  is  programmable  via  CoBtitd  Register  2.  It 

is  synchronized  to  the  RCONV  clock. 

Receive  Conversion  Clock.  This  clock  indicates  when  the  DAC  has  finished  a  sampling  cycle.  The  frequency 
of  RCONV  is  programmed  by  setting  the  sample  rate  field  in  Control  Register  0.  The  programmed  RCONV 
rate  can  be  scaled  by  a  factor  of  8/7  by  setting  Bit  9  in  Omml  'Rsgmtel.-Tbe  fttlllt  dtf^OBliV  can  be 
adjusted  by  writing  the  Receive  Phase  Adjust  Register. 


ADZSmspOl  Master  Clock  Input.  The  frequency  of  this  dock  most  be  exactly  13.824  MHz  to  guarantee  die 
emxect  fitquencsr  leqionse  for  the  device's  digital  Stets. 

Active-Low  Ch^'  Rieaet.  This  si^ial  sets  all  AD28aurp01  control  registers  to  thdr  di^oilt  Wfu^  and  cleats  the 
device?8  di^at  ffiteis..  SPORT  outpw  pins  are  tristated  when  RESET  is  active.  SPORT  input  pms  are  ignored 
'  whlBt-RESET-'is  active.  ■  '4.' 

Active-hig^  chqi  sdect.  This  signal  tristates  alV^JCKliq^g^piu  ta^  tgim  the  AEGSSmiSQi  fOtigom  a>l: 
SPORT  input  pins.  Note  tlat  the  AD28mspOrs  ADC,  DAC,  and  digital  filters  contiime  openoiiig  vdm  CS  is 
de-asserted. 

Analog  Supply  Voltage  (Nominally  -f  5  V). 
Analog  Ground. 

Digital  Supply  Voltage  (Nominally  -1-5  V). 
Digital  Ground. 


This  information  applies  to  a  product  under  developnnent.  Its  charatrteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Deriees  a«m!i<i«MI9«trilE^^i^«B^  .cr  u 


ANALCX3 
SIGMA-OELTA 
MODULATOR 


SOOUl 

o4aa^ 


VOUT+ 
VOUT- 


DIOrTAL 
DECIHATKm 
FILTER 


otoriAL 

AHT1ALIASMQ 
LOW-PASS  FILTER 


DIGfTAL 
HtGH-PASS 
FILTER 


ANALOG 
SMOOTHINQ 
RLTER 


DIGITAL 
SIGM*4)ELTA 
MODUUTOfl 


1&-BrT  StQhlA-DELTA  DAC 


CHQITAL 
WTHIPOLATOR'' 


20,8/32.0/38.4 
kHz 


DIGITAL 
ANTI-IMAGING 
LOW-PASS  FILTER 


7.2/8,0/9.6 
kHz 


MTERNAL  CLOCK 


CLOCK  GB4ERATKM 


mTTT  i 


Rgure  1.  AD2I 

FUNCTIONAL  DESCRIPTION  ^ 
ADC 

The  analog  input  is  applied  to  the  input  amplifier  via  external 
gain  setting  resistors  (see  Figure  2,  which  can  be  tound  on  the 
following  page).  The  output  of  this  amplifier,  now  biased  by  tae 
on-chip  voltage  reference,  is  applied  to  an'analog  sigma-delta  ' 
modulator  which  noise-shapes  it  and  produces  1-bit  samples  at  a 
1.7280  MHz  rate.  The  spectral  content  of  this  bit  stream  is 
noise-shaped  such  that  in-band  noise  supports  89-dB  SNR. 
of-band  noise  is  rejected  in  subsequent  filtering. 

This  bit  stream  is  fed  to  a  decimation  filter  which  has  a  Sine* 
transfer  fimction.  The  output  of  this  decimation  filter  consists  of 
a  parallel  data  stream  with  a  reduced  sampling  rate  of  28.8  kHz, 
32.0  kHz  or  38.4  kHz  (depending  on  the  input  sample  rate), 
which  is  now  processed  by  the  digital  antialiasing  low-pass  filter. 
This  filter  low-pass  filters  the  data  stream  and  further  reduces 
the  sampling  rate  by  a  factor  of  four.  Finally  the  high-pass  filter 
removes  input  frequency  components  at  the  low  end  of  the 
spectrum. 

Either  the  high-pass  filter  alone  or  the  high-pass/low-pass  fflter 
combination  can  be  bypassed  by  setting  the  appropriate  bit  in 
Control  Register  1,  thus  producing  samples  at  7.2/8.0/9.6  kHz 
or  28.8/32.0/38.4  kHz,  respectively.  The  frequency  response  of 
the  AD28msp01  is  altered  when  these  filters  are  bypassed.  The 
DSP  processor  that  receives  samples  from  the  AD28mspOI  may 
need  to  compensate  for  this  change. 

Eadilegaltant  Hmple  is  dieii  loaded  i^'tite'SKMlT  fat 
don.  ' '      '  • 


SERIAL 
PORT 


ft  a  full-scale  analog  input  signal  at  An,, 
3.156  V  peak-to-peak  signal  at  the  output  of 
iplifier  (monitored  at  Vpa)-  The  dc  offsetting  of  the 
^s  performed  with  an  on-chip  generated  reference 
^nominal).  The  A^,  sigiial  must  be  ac-coupled 

'receiver  Bses  a  highly  ovosanqfled  irafdementation 
vrhidi  transfers  the  bulk  of  the  antialiasing  filtering 
requirement  into  the  digital  domain,  the  analog  input  anti- 
ahasing  filter  need  only  be  of  low  order.  This  first  stage  of 
antialiasing  is  performed  by  the  Rpb/Cfb  combination,  allowing 
the  user  to  arbitrarily  set  the  input  3  dB  point.  An  acceptable  3 
dB  point  range  is  20  kHz  ±  10%,  which  should  be  achieved 
using  components  in  the  ranges  indicated.  See  Figure  2.  Note 
that  all  frequency  response  specifications  given  in  this  data  sheet 
do  not  include  the  sUght  in-band  jsUoff  iicewi'  by  the  use  of  a 
feedback  capacitor  (Cps).  • 

This  input  structure  also  allows  the  easy  combination  of  a  num- 
ber of  analog  inputs  before  conversion  via  the.snmtning  node 
CVd«)i  as  indicated  in  Figure  2.  ^ 


/Inalog  lapDf  Interface 

The  tedonimdided  analog  input  interface  is  shown  in  Figure  2. 
ffince'die  AD28ibup01'iOi!^tt8'fitdiii  i  single  S  VHxiweir  supply, 
an  arbitrary  analog  in{nit  signal  witU  0-V  dc  bito  mtist  be  of^ 
and  scaled  api»opiiatdy  to  avoid  clipping  and  to  ensure  success- 
fid  amveision.  The  scaling  of  the  amdog  mput  is  achieved  by 
die  leaiacon  1^^  and  Rp^.  The  gain  -I^b^^^n  slioiild  be 


1Mca$RlN  <SOIcIl 

igopFsCpBsssapF 


Figure  2.  Analog  Input  Interface 


This  information  applies;  to  a  product  under  development  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  In  writing. 
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or  9.6  kHz  rate  froblfae  SPORT.  These  samples  are  low-pass 
filtered  by  the  anti-imaging  filter  which  also  raises  the  sampling 
rate  to  28.8/32.0/38.4  kHz.  The  low-pass  anti-imagiiig  filter  can 
be  bypassed  by  setting  the  appropriate  bit  in  Control  Roister  h 
If  the  filter  is  bypassed,  the  DSP  that  transmits  data  tn  die  - 
AD28qg|!^  snai  be  Ale  to  transmit  at  the  28.8^2.0/38.4  kHz 
rate.  -    -  -'  "* 

The  samples  from  the  output  of  the  anti-ima^uig  £jlt^  are  then 
fed  to  the  Interpolator  which  raises  the  sampling  rate  to  1.7280 
MHz  by  interpolating  between  the  incoming  samples.  These 
1.7280  MHz  16-bit  samples  are  then  processed  by  the  digital 
sigma-delta  modulator  which  noise-shapN'ibe  cbtf)  8treiBl,<ad. 
reduces  the  sample  width  to  one. 

This  one-bit  data  stream  at  1.7280  MHz  is  then  fed  to  the  ana- 
log smoothing  filter  in  which  the  bit  stream  is  converted  to  an 
analog  voltage  and  low-pass  filtered.  The  output  of  the  analog 
smoothing  filter  is  a  differential  signal  that  is  fed  to  the  output 
amplifier,  from  which  differential  analog  outputs  ate  avsulable, 
biased  by  the  internal  reference  voltage. 

Analog  Output  Interface 

The  differential  analog  output  signal  will  be  dc-biased  at  the 
internal  reference  voltage  and,  therefore,  should  be  ac-coupled 
using  Cac+  and  C^c-  before  ^plying  Jo  a  load  as  shown  m 
Figure  3.  Load  resistances  ffli'lie  rffi^'i  kfl  to  =c  can  be 


accommodated. 


I  lib  ixl)  cu  Mwia  >aatni^rio 


j>  O/P 

V.  AMP 


A028msp01 


Caco*  , 

c»co-  I 
Rl£  2K 


Figure  3.  Analog  OutpuHri$er&ee  ' 


A  single-ended  output  can  be  achieved  without  ac  coupling  by 
means  of  an  external  differential-to-single-ended  amplifier  con- 
figuration (as  shown  in  Figiue  3).  In  this  case,  the  output  gain 
can  be  set  by  the  appropriate  selection  of  resistor  values. 


necessary  to  implement  standard  voice-grade  modems.  The 
AD28msp01  can  generate  six  different  clock  signals  for  transmit 
and  receive  timing  as  well  as  an  additional  clock  signal  for  serial 
port  timing. 

The  receive  clocks  are  the  RCONV,  RBIT  and  RBAUD  signals. 
The  individual  clock  rates  are  programmable  and  are  aU  syn- 
chronized to  RCONV. 

The  transmit  clocks  are  the  TCONV,  TBIT  and  TBAUD  sig- 
mls.  The  mdivKlual  clock  rates  are  programmable  and  are  all 
"syniSionked  » teph^; 

D^ending  on  the  opdtating  mode,  die  qM^^  ^°<^^  <^  ^ 
syndironized  to  an  external  clock  si^afl  (TSYN€)  or  can  be 
generated  internally.  The  clocks  can  be  adjusted  in  idiase  by 
setting  the  appropriate  phase  adjust  register. 

Resampling  Interpolation  Filter 

In  V.32  modems  die  AlXgof  the  receiving  modem  samples  at 
the  same  frequei^^^kliBiismitting  modem's  DAC,  but  at  an 
unknown  pt^^  BraKM^^nie  receiving  modem  must  execute 
a  timin{uedMD^|^Bchm  to  force  the  received  data  to  be  sam- 
plecMOMi^iMk  me  received  signal.  The  AD28iiisp01 
Hop^eltpiiital  rmaiAling  iaKapBiiiBajBerJ^tigaia^lerlbe 
^(^^  signaLat  VllS<nleiWhase. 


The  resampling  interpolation  filter  interpolates  the  data  to  a 
1.7280  MHz  rate.  The  data  is  then  resampled  (decimated)  at  the 
sample  rate  but  in  phase  with  the  RCONV  clock.  The  frequency 
response  characteristics  of  the  resampling  interpolation  filter  are 
identical  to  the  frequency  response  characteristics  of  the  DAC. 

Since  the  resample  phase  is  locked  to  RCONV,  it  can  be 
advanced  or  slipped  by  writing  a  signed-magnitude  value  to  the 
Receive  Phase  Adjust  Register  (Control  Register  2).  The  register 
decrements  or  increments  to  zero  to  determine  the  phase  shift. 
The  AD28msp01  implements  the  phase  shift  by  adjusting  the 
phase  of  an  internal  clock  signal,  the  oversampling  clock.  The 
amount  of  time  added  or  subtracted  is  relative  to  one  period  of 
the  master  clock  (MCLK).  The  phase  advance  or  slip  is  equal  to 
the  master  clock  period  (13.824  MHz)  multiplied  by  the  signed- 
magnitude  9-bit  value  in  Control  Register  4  (or  5). 

The  change  in  phase  requires  a  maximum  of  two  RCONV  cycles 
to  complete.  If  the  value  written  to  Control  Register  4  is  less 
than  the  oversampling  ratio,  then  the  change  will  complete  in 

Contnil '8«^eis  :  > 

The  AD28rasp01  contains  six  contrtd  registiiis  which  configure 
vafious  nsidei  of  device  operation— sampling  rate,  jdiase^^iift, 
dodc  rate,  etc.  All  of  the  contrcd  twisters  ne  iead  and  writ^ 
viathe$gp^|^>UBUs^:l^:^:intbie:^^Ci^;^^^  . 
always  be  set  to  zero. 

The  control  registers  should  be  set  up  for  the  desired  mode  of 
operation  before  bringing  the  AD28insp01  out  of  power  down 
(by  writing  ones  to  the  power-down  analog  and  power-down  dig- 
ital bits  in  Control  Register  1). 


T   -r;-"  U::.  -^.H  .■vtiii: 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assun-ies  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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The  sampling  rate  should  be  set  before  writing  ones  to  the 
power-down  bits.  Changing  the  sampling  rate  at  any  other  time 
will  force  a  soft  reset.  Changing  from  an  asynchronims  t^erating- 
mode  to  a  V.32  mode  or  vice  versa  will  also  forcd  a  sett  reset T 
(see  the  Operating  Modes  section  of  this  data  sheet). 

In  a  soft  reset,  the  AD28msp01  is  reset  but  the  control  register 
values  do  not  change. 

The  table  below  shows  when  a  soft  reset  is  caused  by  changing 
the  values  of  certain  control  register  bits  while  the  device  is 
operating.  When  these  bits  are  modified,  the  AD28msp01  will 
perform  a  soft  reset  and  start  up  again  in  the  new  oonfigiiiuion. 

Bits  Configures 

Ccmtrol  Roister  0,  SRl-SRO  SampUng  rate 

Control  Rcgiscei  0,  OP2-OP0  Qodt  generatian  opoatii^  moda 

(asyBc-to-V.32  or  V.32-to-a8ync) 
Control  Register  0,  TS3-TS0  TSYNC  rate 
Ccmtrol  Register  1,  FB2-FB0  loiter  bypass  configuration 
Controi  Rc^sta:  1,  SA87        Sampling  rate  scaling  by  8/7 


address  =  0x00 


dationfiltt^ 
to^  the  mfeKlSlfa  in  ^ 


Control  Register  0 

This  register  is  used  to: 

•  Enable/disable  the  resampling  interpolation 

•  Set  the  external  TSYNC  clock  rate 

•  Select  the  sampling  rate 

•  Select  the  operating  mode 

Control  Register  1  address 
This  register  is  used  to: 

•  Increase  the  sampling  rate  to 
Control  Register  0 

•  Power  down  the  device 

•  Bypass  the  digital  filters 

If  any  low-pass  filter  is  bypassed,  the  resampling  interpolatibn  '  ' 
filter  should  be  disabled  (in  Control  Register  0.) 

Control  Register  2         address  =  0x02 

This  register  is  used  to: 

•  Select  the  frequency  of  the  Receive  baud  clock  (RBAUD) 

•  Select  the  frequency  of  the  Receive  IK  (3b^1[KlU'l') 

Control  Register  3         address  =  0x03  1^:1:  '  -  — 

This  register  is  used  to:    -     ■.,1  . 

•  Selea  the  frequency  iifte  Transmit -bBlidclodt 
(TBAUD)  ' 

•  Select  tbe  fieequency  of  the  Transmit  bit  dodc  (TBIT) 


Control  Register  4        address  =  0x04 

This  register  is  used  to: 

..  .      Ch^i«e-  die  phase  of  &  Receive  clocks  (RBAUD,  REIT, 
RCONV) 

This  register  must  be  equal  to  zero  before  its  value  can  be 
changed.  Once  you  have  written  a  value  to  the  register, 
subsequent  writes  are  ignored  until  the  register  is  finished 
incrementing/decrementing  to  zero.  If  the  register  is  read  while 
incrementing/  decrementing,  its  amaxtm^mfelismed  (not 
the  value  originally  loaded).  J''' 

Any  value  written  to  this  register  prior  to  the  first  ndng  edge  of 
the  conversion  clock  (RCONV)  is  ignored. 

The  phase  advance  or  slip  is  equal  to  the  master  dock  period 
,(.)3f824  MHz)  multiplied  by  the  signed-magnitude  9-bit  value  in 
Control  Register  4.  The  AD28msp01  decrements  Control  Regis- 
ter 4  as  it  adjustu^pfaase  of  RCONV.  Control  Register  4  will 
equal  zero  |dll^plWiaiSe  shift  is  complete.  . 

Contn^fefll^^        address  -  0x05  t 

rused  to:    .1./.  ..„.' 


Change  the  phase  of  theTaBMBrinjldl-^raiM^/'^ 
TBIT,  TCON\^ 

Tlis  register  must  be  equal  to  zero  before  its  value  can  be 
^^nged.  Once  you  have  written  a  value  to  the  register, 
sfl^quent  writes  are  ignored  until  the  register  is  finished 
%cretn^tii^l|pcrementing  to  zero.  If  the  register  is  read  while 
incra^fatii^ecrementing,  its  current  vSloe  it  ictaiM9tl:/^ot 
Lval&originally  loaded). 

ue  written  to  this  register  prior  to  the  fitst  liri(lg#dge  of 
conversion  clock  (TCONV)  is  ignored. 

The  phase  advance  or  slip  is  equal  to  the  master  clock  period 
£13,.Si24.MHz)  multiplied  by  the  signed-magnitude  9-bit  value  in 
Contrbl  Register  S.  The  AD28msp01  decrements  Control  Regis- 
ter 5  as  it  adjusts  the  phase  of  TCONV.  Control  Re^ster  S  will 
equal  zero  when  the  phase  shift  is  complete. 

IS  14  13  12  11  10    9    8    7    6    5    4    3    2    1  0 


^ll^u 
m  Jr  tfie  convc 


L 


Read/write  bit  Set  to  one 
to  HMitMllnl  register 


bit>I4..J>| 


Address  Word 
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MTEN  Interpolation  fitter  enable 


T53-0 

TSYNC 

Rah 

(Hi) 

0000 

9600 
8000 

0001 

0011 

WHO 

0100 

2400 

0101 

1200 

0110 

600 

0111 

19200 

1000 

14400 

1001 

12000 

Sampling  Rate  (kHz) 

00   =  9.6 


10 
11 


.••5V  TAt  V  -jbocsi  s 
-31" etboM  su"i."'.' 

,  ,:r.-Tf  ..1.    ■  ■ 

OP20 

Ctock  Genefatton  Operating  Mode* 
000     =     Asynchronous  falltiacif  mode 

Reserved 
Reserved 
Reserved 

V.32  TSYNC  ISKn  Aae  e  I 

V.32  Internal  Syne 
VJ2Loopteck 


001 
010 

oil 

100 


110 

111 


15 


Gsnirb/  Roister  0^-- 


14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

,0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0  ' 

When  set  to  a  1 ,  tills  bit  increases  ttie 
sampling  rate  to  8/7  of  the  programmed 
(8/7)  9.6  kHz- 10.97  kHz, 
(8/7)  8.0  kHZ>  9.14  kHz, 
(8/7)  7.2  kHz  •S.23  kHz 

i!(b3  >ir,;.V'  mil      t ! 

fe)  tsasni  atli  r.}  I, 


MFKen  set  to  a  0  this  puts  the 
Wtalog  portion  of  the  chip  into 

uer  power  mode  leaving  the 
dijml  porttofueUve. 


When  set  to  aO  this'piits  the 
digital  portion  M  the  chip  into  a 
lode  leaving  the 
ciocka  and  the  serM 


No  filter  bypass  (default) 
Reserved 

ADC  HI  pass  fHter  bypassed 
ADC  Hi  and  Lo  pass  fii 
DAC  filter  bypassed 
Reserved 

DAC  and  ADC  HI  p«ss 
DAC,  ADC  HI  ana  ADC  Lo  p«tt 
bypassed 


'C6'nitifl  Begist§r,X 


15 

14 

13 

12 

11 

10 

9 

8 

7 

8 

5 

4 

3 

2 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

IOt->ttWea«»>o 


1      •  IT  jT^  YjHi 

BA2-0 

Reeehreb 

Bud  rate  clock  seleetlon 

ReeeW 

e  Ml  rata  eloati  inWemit      bMU  .-j: 

000  > 

1600 

0000 

r    9600(dalaul0     ,.     v  < 

001  : 

0001 

=  6000 

010  : 

1200 

0010 

=  7200 

oil  = 

600 

,1  0011 

=     4800                        1 .  . 

too  : 

Reserved 

0100 

2  2400 

101  : 

Raaerved 

0101 

=  1200 

110  = 

0110 

600 

111  s 

oin 

=  19,200 

1000 

=  14,400 

1001 

s  12,000 

1010 

19,200  with  SAO?  In 

control  register  1  set 

(netacahdbyWT) 

Control  Register  2  (Receive  Bit  and  Baud  Rate  Selection) 
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kmmm 


0 

0 

0 

0 

0 

0 

0 

.  f.  ,  J 

Transmit  baud  rate  clock  selection 


.1  


000 

001 

010 
011 
100 
101 
110 

111 


2400 

1600 

1200 

600 

Reserved 
Reserved 
Reserved 
Reserved 


jiini-" 


BI34 

Transmit  till  rate  dock  eelecMon; 
0000 


0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
IMP, 


9600(deiauH) 
aooo 

7200 

4S00 

2400 

1200 

600 

19^ 

14,400 

,12JD0O 

19,200  aiitilSAar  In 
control reglstef  1  sst 

(not scaled ttyiAT)  J-Mki  h  JiBakirP'' 

Control  Register  3  (Transmit  Bit  arid  Baud  Rate  Selection) 


15    14    13    12     11     10      9  8 


6 


1 


DDDIIEIflD 


"T 

P7-0 


Phase  Adjust 


The  amount  of  time  slipped  or 
advanced  Is  defined  as  this 
mpilwrjnliraMntetf  by  P7-P0 
llfHB^^tw  Hiiflir  dwh  period. 


tGdikrol  Begisitor'-wUmC  Phase  Adjust) 


14    13    12     11  10 


P7-0 
IMC 


— The  amount  of  time  slipped  or 
atlwiced  Is  defined  as  the 
numtjer  represented  by  P7-P0 
times  the  master  docit  period. 


Control  Register  5  (DAC  Phase  Adjust) 


-a:  .J  tit  fj-';r,  ii 


This  inf(Mni«iQn^9p0li(»-to  ftproidia*^  under  clevelQpment^Jt9iehtiiieielni;istic$«ri<l  specifications  are  subject  tO'C^ie;nge  wSthoutttoM.' 
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DATAKEGISTERS 

The  AD28insp01  contains  four  data  registers. 
Data  RegUtet  0         address  =  0x06 

DAC  Input  Raster  (write-only):  The  16-Ut  twos  ccmipleineitt  i. 
values  written  to  this  register  are  input  to  die  AD28msp01'g — 

digital-to-analog  converter.  j 

Data  Register  1         address  =  0x07 

Interpolation  Filter  Input  Register  (write-only):  The  16-bit  twB*-_  . 
complement  values  wrinen  to  this  register  are  input  to  the  re- 
samphng  interpolation  filter. 

Data  Register  2         address  =  0x08 

ADC  Output  Register  (read-only):  The  16-bit  twos  conq^SDMt 
values  read  from  this  register  are  the  output  of  the 
AD28iiispOrs  aiialog-n>-<%ital  cosvmer. 

Data  Register  3         address  =  0x09 

Interpolation  Filter  Ou^t  .Register  (lead-only):  The  16-bit 
twos  compleineHt  vslues  readifixn  fbis  register  are  the  output  of 
the  resmni^iltg  aiisagriatiap  filler. 

AddisM»MA-IMI'  an  teserred. 

lIMe  I.  Register  Addresses 


configure  serial  port  0  (SPORTO)  of  the  ADSP-2101  processor 
to  communicate  with  the  AD28msp01,  the  follovring  ADSF- 
2101  assembly  language  code  fragment  is  used: 

"dm(0x3FF6)  =AX0; 

The  AD28msp01-to-DSP  processor  inteifwe  is  diown  in 
Figure  4. 


SCLK 
SDOFS 
SDO 


00000 

00001 

00010 
00011 
00100 
00101 
00110 
00111 
01000 
01001 
01010 


11111 


CeoMl  B^egister  0 

Ca«nl  l^ter  1 

Control  Register  2 
Control  Register  3 
Control  Register  4 
Control  Register  3 
Data  Register  0 
Data  Register  1 
Data  Register  2 
Data  Register  3 
Reserved 


Reserved 


AD2etmpfl^3L 


RECEIVE  FRAME  SYNC 


RECEIVE  DATA 

mummffummK 

TRAHSWOATA 


BSP  Processor 


Data  Rate  and  Syni 
Selects,  Intel 
Filter  B; 

Mode  BitSj^^t^Mocle  Bits 

ADC  BitanWoudJ^ 

DAC  Bitiand  BaudlUk  ^Lf* 

ADC  Phase  Adjust  % 

DAC  Phase  Adjust  ^ 

DAC  Input  Register 

Interpolation  Filter  Input  Register 

ADC  Output  Roister 

Interpolation  Filter  Output  Register 

 ?  — 


'8msp01-to-DSP  Proceseer  IrOmtaee 


Ymsferring  Data  and  Control  Words  to  the  AD28msp01 
Data  and  control  word  transfers  to  the  AD28msp01  can  only  be 
initiated  by  the  host  processor.  When  transferring  data  to  the 
AD28msp01,  the  host  processor  specifies  the  destination  register 
by  first  transmitting  a  16-bit  address  word  and  then  transmitting 
the  16-bit  data  word.  The  read/write  bit  in  the  address  word 
must  be  de-asserted.  The  serial  data  stream  from  the  host  pro- 
consist  of  a  sequence  of  alternating  address  and  data 
le  AD28msp01  will  not  write  the  target  register  until 
ith  die  address  word  and  data  word  are  completely  transfared. 

The  address  word  is  defined  as  follows: 

Bit  15       1  =  Read,  0  =  Write 

Bit  14-S    Ignored  (zeros  when  transfors  oflpaine  ftHK  (lie 

AD28msp01)  - 
£f4-0     S-bit  address  field  (see  Tahk  I) 

Example 

Transferring  the  following  16-bit  words  to  die  AD28mspOI  will 

initialize  Control  Registers  0-3: 

Word  Transferred  Description 


0x0000 

0x0254 
0x0002 
0x0031 
0x0003 
0x0032 
0x0001 
0x0018 


Control  Register 
Write  this  value 
Control  Register 
Write  this  value 
Control  Register 
Write  this  value 
Control  Register 
Write  this  value 


0  Address 
to  Control 

2  Address 
to  Control 

3  Address 
to  Control 

1  Address 
to  Control 


Word 
Register  0 
Word 
Register  2 
Word 
Register  3 
Word 
Register  1 


Serial  Port 

The  AD28msp01  includes  a  full-duplex  synchronous  serial  port 
(SPORT)  used  to  communicate  with  a  host  processor.  The 
SPORT  is  used  to  read  and  write  all  data  and  control  registers 
in  the  AD28msp01.  The  SPORT  transfers  16-bit  words,  MSB 
first,  at  a  serial  clock  rate  of  1.7280  MHz. 

When  the  AD28msp01  exits  reset,  both  the  analog  circuitry  and 
the  digital  circuitry  are  powered  down.  The  serial  port  will  not 
transmit  data  to  the  host  until  the  host  sets  the  power-down  bits 
in  Control  Register  1  to  1 .  All  contrai  regigtets  duwld  be  initial- 
ized before  these  bits  are  set. 

The  SPORT  is  configuired  for  an  externally  generated  receive 
frame  sync  (SDIFS),  and  an  internally  generated  serial  clock 
(SCLK)  and  transmit  frame  sync  (SDOFS).  The  host  processor 
should  be  configj^ed  for  an  external  serial  dock  and  receive 
fiame  sync  and  att>lSi^irtnuismit  fiune  sync.  For  example,  to 

This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  ate  Subject  to  chartQiPlriMHWVlofiee. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacbjre  unless  otherwise  agreed  te^in'wrlting.'  ^'<8«^>iv»r 


Note  that  the  power-down  bits  in  Control  Register  1  are  released 
(set  to  1)  only  after  the  AD28msp01  is  fiilly  configured  by  writ- 
ing to  Control  Registers  0,  2,  and  3. 
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Transferring  Data  from  the  AD28msp01  to  the  Host 

Data  transfers  to  the  host  processor  can  only  be  initiated  by  the 
AD28msp01.  When  transferring  data  the  AD28msp01  first  spec- 
ifies the  source  register  by  transferring  a  16-bit  address  word 
and  then  transfers  the  contents  of  the  source  register.  Bits  14-5 
of  the  address  word  will  always  be  forced  to  zero.  When  trans- 
ferring data,  the  serial  data  stream  from  the  AD28msp01  will 
consist  of  a  sequence  of  alternating  address  and  data  words. 

Tiansfeiring  Control  Words  &om  the  AD28iiisp01  to  the  Host 
All  control  registers  in  the  AD28insp01  are  host  readable.  To 
read  a  control  register,  the  host  must  transmit  a  16-bit  address 
word  with  the  Read/Write  bit  set,  then  transmit  a  dummy  data 
word.  The  AD28msp01  will  respond  by  first  completing  any 
AD28msp01-to-Host  transfer  in  progress.  As  soon  as  the 
dummy  data  word  is  received,  the  device  will  transfer  a  16-bit 
word  with  the  control  register  addi^jfflil||@i.lRM»itilte.  -  - 
contents  of  the  control  register. 

Example 

The  following  data  streams  show  how  a  host  can  read  the  con- 
tents of  an  AD28ms^l  eiMtnd  register: 


ttost 
Transfer 

0x8001 
0x1234 


AD2Smsp01 
Tramfa 


Ox  

Ox  

0x0001 
0x0023 


Serial  Port  Timing 


Description 

Read  Control  Register  0 
Dummy  Data  Wc«d 
AD28msp01  coinpletes  data 
Transfer  in  progress 
Address  word 

Contents  of  Control  Re^sUr  1 


All  serial  transfers  are  synchronous.  The  receive  data  (SDI)  an( 
receive  frame  sync  (SDIFS)  are  clocked  into  the  device  on  the 
faUing  edge  of  SCLK.  The  receive  frame  sync  (SDIFS)  must  be 
asserted  one  SCLK  cycle  before  the  first  data  bit  is  transferred. 
When  receiving  data,  the  AD28msp01  ignores  the  receive  frame 
sync  pin  until  the  least  significant  bit  is  being  received. 

When  transmitting  data,  the  AD28msp01  asserts  transmit  frame 
sync  (SDOFS)  and  transmit  data  (SDO)  synchronous  with  the 


rising  edge  of  SCLK.  Transmit  frame  sync  is  transmitted  one 
SCLK  cycle  before  the  fHi  data  bit  ii  transferred. 

All  input  signals  to  the  serial  pon  must  sam.  imttp  and  hold 
times  as  specified  in  this  data  sheet.  I 

OPERATING  MODES 

The  AD28nisp01  is  capable  of  operating  ujisevetal  different 
modes,  as  described  below.'/  '   f  ^i!  || 

V.32  TSYNC  Mode 

In  V.32  TSYNC  Mode,  the  AD28mspors  transmit  drcuitiy  is 
synchronized  to  an  «l^^iiaj(  lISYNC  signal.  The  AD28msp0rs 
receive  circuitry  is  sampled  ajrachronous  to  the  transmit  dr- 
cuitiy, but  the  data  can  be  lesampled  at  a  different  phase 
tlmni^  the  resampling  interpolation  filter. 

TCONV,  TBIT  and  TBAUD  are  generated  internally  but  are 
phase-locked  to  the  artemal  TSYNC  input  signal  with  the  digi- 
tal lAase-locked  loop.  RCONV,  REIT  and  RBAUD  are  gener- 
ated internally  and  can  be  phase  adjusted  with  the  Receive 
Phase  Adjust  Register  (Control  Register  4). 

TCONV  initiates  a  new  DAC  sample  update  and  loads  the  ADC 
register  (Data  Register  2)  with  a  new  sample. 

The  digital  resaAjilihg  interpolation  filter  can  be  used  for  digital 
resampling  of  fee  received  signal.  Enable  this  fimction  by  set- 
ting Bit  9  in  Control  Register  0.  The  phase  of  the  resampled 
signal  is  adjusted  with  the  Receive  Phase  Adjust  Register.  Sam- 
ples agjioafl^ypto  the  intqrpolator  at  the  TCONV  rate  and  are 
   ACONV  lalet 

Jbring  V.32  TSYNC  Mode,  RCONV  is  locked  to 
fp!oNV  before  TCONV  is  locked  »>  TSYNC.  If  this  mode  is  ' 
entered  from  a  non-V.32  mpdi;,  the  device  performs  a  soft  reset. 
The  time  required  to  lock  TS^OKTV  to  RCQNV  is  dependent  on 
the  pl^  difference  between  RCONV  an4  I^OQiTV  enter- 
ii^memode. 

This  mode  isjaiteied  bjr'settiiig  the  Openiiiiig  Mode  fidkl  in 
Control  R«atfcX).>3te  SGONV/TCONVjcsie  can  be  set  O)  9.6 
kHz,  8.0  kH»aK  7^2  Wmsf  m&a$  ^Mmek  mm  Ut  field  in 
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Figure  S.  V.32  TSYNC  Mode  Block  Diagram 


DSP  Processor 


ECHO 
CANCELLATUN 


-tOMODEHflX 


FROH  MODEM  TX 
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Figure  6.  V.32  Internal  Sync  Mode  Block  Diagram 


Control  Register  0.  The  TBIT  and  TBAUD  clock  rates  are  set 
by  adjusting  the  appropriate  bits  in  Control  Register  3.  The 
RBIT  and  RBAUD  clock  rates  are  set  by  adjusting  the  appro- 
priate bits  in  Control  Register  2.  The  bit  rates,  baud  rates  and 
TSYNC  rate  can  be  set  to  any  combination  of  clock  rates  Usted 
in  the  control  register  descriptions.  The  TSYNC  field  on  Coa- 
ttrol  Register  0  must  be  set  to  the  frequency  of  the  input  pin. 

Example 

Transferring  the  following  word  sequence  to  the  AD28msp01 
will  configure  the  device  for  V.32  TSYNC  Mode  at  the  clock 
rates  indicated:  *  ^ 

Word  Transferred     Description  \  %^ 

0x0000  Control  Register  0  address  word 

0x0254  Enable  interpolation  filter,  TSYNC  =  7200, 
sample  rate  =  7200,  mode  =  V.32  TSYNC 

0x0002  Control  Register  2  address  word 

0x0002  RBAUD  =  2400,  RBIT  =  7200 

0x0003  Control  Register  3  address  word 

0x0023  TBAUD  =  1200,  TBIT  =  4800 

0x0001  Control  Register  1  address  word 

0x0018  Configure  and  power-up  device 
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V.32  Internal  Sync  Mi 

In  V.32  Internal  Syne  Mode,  the  AD28inspOrs  transmit  clocks 
are  generated  internally.  The  receive  circuitry  operates  synchro- 
nous to  the  transmit  circuitry,  but  the  data  can  be  resampled  at 
a  different  phase  thioug^  the  resampling  interpolation  filter. 

TCONV,  TWT  a«t^^te6  are  generated  internally  and  can 
be  phase  adjusted  With  the  Transmit  Phase  Adjust  Register 
{Conuol  Register  5).  RCONV,  RBIT  and  RBAUD  are  also  gen- 
erated internally  and  can  be  phase  adjusted  with  the  Receive 
Phase  Adjust  Register  (Control  Register  4). 

TC0^V  ii^at^  a  hew  DAC  sample  update  and  loads  the  ADC 
I  Register  2)  with  a  new  sample. 

ligital  resampling  interpolation  filter  can  be  used  for  digital 
pling  of  the  received  signal.  Enable  this  function  by  set- 
ting Bit  9  in  Control  Register  0.  The  phase.of  the  lesanpl^ 
signal  is  adjusted  with  the  Receive  nuse  Adjust  Register.  Sam- 
ples are  loaded  into  the  interpolator  at  the  TCONV  rate  and  are 
resampled  at  the  RCONV  rate. 

Wh»i  ei|E(ering  V.32  Inte^  Sync  Mode,  RCONV  is  fwst 
locked  to  TCONV.  RCONV  is  then  phase  adjusted  whmever  a 
new  value  is  written  to  the  Receive  Phase  A«^ust  Register  (Con- 
trol Raster  4).  If  this  mode  is  entered  froo^  a  non-V.32  mode, 
..the-device-perfonns  a  softifsec  Tli«>tim«  r^quin^  .t@  IgEd^ 
TCONV  to  RCGSW  is  dependent  on  the  phase  difiference  be- 
tween RCONV  and  TCONV  when  entering  the  mode. 

This  mode  is  entered  by  setting  the  Operating  Mode  field  in 
Control  Register  0.  The  RCONV/TCONV  rate  can  be  set  to  9.6 
kHz,  8.0  kHz  or  7.2  kHz  by  setting  the  sample  rate  bit  field  in 
Control  Register  0.  The  TBIT  and  TBAUD  clock  rates  are  set 
by  adjusting  the  appropriate  bits  in  Control  Register  3.  The 
REIT  and  RBAUD  clock  rates  are  set  by  adjusting  die  appro- 
priate bits  in  Control  Roister  2.  The  bit  and  baud  rates  can  be 
set  m  any  combination  of  dock  rates  listed  in  the  coD^l  ngis- 


Figurft  7.  V.32  Loopback  Mode  Block  Diagram 
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V.32  Loopback  Mode 

In  V.32  Loopback  Mode,  the  AD28mspOr8  lecetve  dicuitiy 
and  transmit  dicuiay  are  locked  together. 

RCONV  is  generated  intonally  and  am  be  pliase  adjusted  with 
the  Receive  Phase  Mjm.  Register  (Control  Register  ^j, 
RBAUD,  TCONV»  TBrr  amLTBAUP  are  all  locked  to 

RCONV.  >  '!■'■■•  :        ■  • 

RCONV  initiates  a  iiew  DAC  sample  update  and  loads  the  ADC 
register  (Data  Register  2)  with  a  new  sample.  The  RCONV  rate 
can  be  set  to  9.6  kHz,  8.0  kHz  or  7.2  kHz  by  setting  the  sample 
rate  bit  field  in  Control  Register  0.  The  bit  and  baud  rates  can 
be  set  to  any  combination  of  clock  rates  listed  in  the  control  reg- 
ister descriptions. 

V.32ter  TSYNC  Mode 

This  mode  is  identical  to  V.32  TSYNC  Mode  except  all  clocks 
are  scaled  by  a  factor  of  8/7  over  the  corresponding  V.32 
TSYNC  rate.  In  this  mode,  the  maximimi  value  to  which  the 
phase  adjust  registers  (Control  Registers  4  and  5)  may  be  set  is 
+  192. 

Both  TBIT  and  RBIT  can  be  set  to  a  19,200  H;:  rate  that  will 
not  be  scaled  by  a  factor  of  8/7,  by  setting  the  appropriate 
in  Control  Registers  2  and  3. 

V.32ter  Internal  Sync  Mode 

This  mode  is  identical  to  V.32  TSYNC 
are  scaled  by  a  factor  of  8/7  over  the 
TSYNC  rate.  In  this  mode,  the 
phase  adjust  registers  (Control 
+192. 

Both  TBIT  and  RBIT  can  he  «et  tcn  i^m  ti^tT that 
not  be  scaled  by  a  factor  of  8/7,  by  settbig  the  appiioptiate 
in  Control  Roisters  2  and  3. 


clocks 
32 

lo  which  the 
$)^i^be  set  is' 


AqfticAronoas  FaDbadc  TSYNC  Mode 

TCONV,  TBIT  and  TBAUD  are  generated  iiitarhaUy  but  phase 
kicked  to  the  <esi£rnal  IS^C  sigdU .  RCONV,  RBIT  and 
RBAUD  are  generated' tttbnsdly  and  culx!  phase  adjusted  with 

the  Receive  Phase  Adjust  Register  (Control  Register  4). 

This  mode  is  entered  by  setting  the  Operating  Mode  field  in 
Control  Register  0.  The  RCONV/TCONV  rate  can  be  set  to 
9.6  kHz,  8.0  kHz  or  7.2  kHz  by  setting  the  sample  rate  bit  field 
in  Control  Register  0.  The  TBIT  and  TBAUD  clock  rates  are 
set  by  adjusting  the  appropriate  bits  in  Control  Register  3.  The 
KBIT  and  RBAUD  clock  rates  are  set  by  adjusting  the  appro-  . 
priate  bits  in  Control  Register  2.  The  bit  rates,  baud  rates  and 
TSYNC  rate  can  be  set  to  any  combination  of  < 
in  the  control  register  descriptions. 

Asynchronous  Fallback  Mode 

TCONV,  TBIT  and  TBAUD  are  generated  internally  and  can 
be  phase  adjusted  with  the  Transmit  Phase  Adjust  Register 
(Control  Register  5).  RCONV,  RBIT  and  RBAUD  are  gener- 
ated internally  and  can  also  be  phase  adjusted  with  the  Receive 
dju^t  Rea«er  (Control  R^pster  4).  The  digital  phase- 
loop  jfl^^ge^n  diis  opmtdog  mode 

setting  the  Operating  Mode  field  in 
0.  The  IICOKV/TCONV  rate  can  be  set  to  9.6 
or  7.2  IsHg  by  setfiiig  the  sample  rate  bit  field  in 
il  RMMter  0.  The'iWraBd  TBAUD  clock  rates  are  set 
by  adjdSti^^he  appropriate  bits  in  Control  Register  3.  The 
RBfTand  RBAUD  clock  rates  are  set  by  adjusting  the  appro- 

fite  tits  in  Control  Register  2.  The  bit  and  baud  rates  c^  tx. 
ft  any  combinatiixK^^^  ^iifB»^jfS^  jf^0mf!4,!B^^ 
descriptians. 
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Figure  8.  Asynchronous  Fallback  TSYNC  Driven  Mode 
Block  Diagram 


Figure  9.  Asynchronous  Fallback  Mi^e  tSock  Diagram 
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•  V.32  Modes  to  Asynchronous  Fallback  Modes 

•  Asynphconous  FgUb%k.t9  V-32  Modest        .    :  : 

-I'    ■    i<ntmO'\  ■nil  V  >;  ttv'bft  v^jif  ,  'O^ianiiiig'Modes -Snnuliaiy 


Mode 

Initial  Phase 
Lock  After 
Entering  Mode 

Normal  DPLL* 
Operation 

Phase  Register 
Programmable** 

Resampling 
IntnEpoUtot 

Internal  Filter  Operation 

Synchronous  to 
ADC  DAC 

Control 
Register  0 
OK-0 

Asjnc  Fallback 

No  Fliase  Lock 

No  Phase  Lock 

AE>C,  DAG 

Not  Used  • 

000 

Async  TSYNC 

TCONVLock 

to  TSYNC 

TCONVLock 

to  TSYNC 

ADC 

Not  Used 

Rc6iW**'*rooNv 

111 

V.32  TSYNCH 

RCONV  Lock 

TCONV  Lock 
to  TSYNC 

ADC 

Input  Synchronous 
and  In  Phase  with 
TCONV,  Output 
Synchronous  and  In 
Phase  with  RCONVi 

TCONV  TCONV 

100 

V.32  Internal  Sync 
laUtt  Ua  Cy 

RCONV  Lock 
to  TCONV 

No  Phase  Lock 

ADC,DAC 

Input  Synchronous''^ 
and  In  Phase  with 
TCONVjOutput 
Syndu^oi£  andJn 
Phase  with  IMQNk 

V.32  Loopback 

TCONV  Lock 
to  RCONV 

No  Phase  Lock 

NotUs^" 

^ONV  TCONV 

*DPLL— Digital  Phase-Locked  Loop. 
**ADC  phase  adjusted  via  Control  Register  4;  

tAdjusting  ADC  phase  also  adjusts  DAC  pha^^  this  mode. 
NOTE 

All  iM^iK  diicks:  RBrF,  RBAUD  are  sjmdmmods  to  Ri 


PIN  CONFIGURATION 


[justed  vi% 


'B/WD  aniiyncb^oBoin  to  TCONV. 
PIN  ASSIGNMENTS 


Vdda  |T 

VOUT.  U 

;  VouT-U 
GNOA  [T 
ONDO  |T 
ReSET  |T 
TSYNC  |T 
TCONV  [T 
TBIT  [T 
TBAUD  (10 
RCONV  |l7 
RBIT  llF 
RBAUD  fia 
MCLK  [l4 


ADZSmspOl 

TOP  VIEW 
(NoltBScal^ 


m]  refcap 

1]Vfb 

is]  gnda 

24]  GHDD 

a]  CS 
a]  sn 
iT]  soiFS 

io]  SDOFS 

i?]  SDO 

1?]  8CLK  " 

17]  "odd 

15]  ( 


Pin 

Name 

Pin 

Name 

1 

VEa>A 

15 

GNDD 

2 

Votrrp 

16 

Vddd 

3 

VoiTTK 

17 

Vddd 

4 

GNDA 

18 

SCLK 

5 

GNDD 

19 

SDO 

6 

RESET 

20 

SDOFS 

7 

TSYNC 

21 

SDIFS 

8 

TCONV 

22 

SDl 

9 

TBIT 

23 

CS 

10 

TBAUD 

24 

GNDD 

11 

RCONV 

25 

GNDA 

12 

RBIT 

26 

VpB 

13 

RBAUD 

27 

V,N 

14 

MCLK 

28 

REFCAP 
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SPECIFICATIONS 

DIGITAL  INTERFACE  ELECTRICAL  CHARACTERISTICS 


FlanuiKter 

Test  ConditkHi 

Min 

Max 

UaH 

Vm 

Iiqna  Hi^  Vahage 

Vdd  =  mas,,  . 

2.0 

V 

Input  Low  Voltage 

Vdd  =  min 

0.8 

V 

VOH 

Output  High  Voltage 

Vdd  =  ™n>  Iqh 

=  -0.5  mA 

2.4 

V 

Vol 

Output  Low  Voltage 

Vdd  =  n™!  loi. 

=  2mA 

0.4 

V 

Im 

High  Level  Input  Current 

Vdd  =  max,  Vj^ 

=  max 

10 

|jA 

In. 

Low  Level  Input  Current 

Vdd  =  max,  Vj^ 

=  0  V 

10 

|iA 

Iqzl 

Low  Level  Output  3-State  Leakage  Current 

Vdd  =  max,  Vj^ 

=  max 

10 

mA 

loZH 

High  Level  Output  3-State  Leakage  Current 

Vdd  =  niax,  Vjn 

=  0V 

10 

(lA 

c, 

I%ital  Inptt'^piiBBlgg  ; 

pF 

Power  IXiaqtation 


Vddd 
hx>A 
Iddd 
Pi 

Idda 
Idod 
P. 


Analog  Operating  Voltage 
Digital  Operating  Voltage 
Vdda  Operating  Current  Active 
Vddd  Operating  Current  Active 
Power  Dissipation  (V  dda  and  V, 
Vdda  Operatise  Cuirent  Inacciv 
Vnnn  OatfStjiBCuinnt  Inaci 


RECOMMENDED  OPERATING^ 


)ITIONS 


Panuneter 

Min 

Max 

Supply  Voltage 

4.75 

5.25 

V 

Tamb 

Ambient  Operating 

Temperature 

0 

+70 

Refer  to  Environmental  Condidons  for  infonnatiosi  ob  case  tempentture  and 
thermal  specificatioas.  ,  ^  _  ^ 

~SpccifiCTifaTO'TObicct  to  change  fi^Mnnit'iKiiSGcr* 


Ais&UlEMAXIMUM  RATINGS* 

lHHpl^oltage  -0.3  V  to  +7  V 

pEput  Voltage  -0.3  V  to  Vdd  +  0.3  V 

Output  Voltage  Swing  ,  .  -0.3  V  to  Vdd  +  0.3  V 

OpCTating  Temperature  Range  (AaMta^  .  .  .  -40°C  to  +85°C 

Storage  Temperature  Range   -65°C  to  +150°C 

itmAlimdama^s&)?LCC   +280°C 

^Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
pennanem  damage  to  the  device.  These  are  stress  ratings  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated 
in  the  operational  sections  of  this  qKCification  is  not  implied.  Exposure  to 
abwdiue  "T^*^*""  rating  conditioDS  for  extended  periods  may  affea  device 
irhahflwy. 


ESD  SENSITIVITY  

The  AD28msp01  features  proprietary  input  protection  circuitry  to  dissipate  high  energy  discharges 
(Human  Body  Model).  Per  Method  3015  of  MIL-STD-883C,  the  AD28msp01  has  been  classified  as 
a  Class  1  device. 

Proper  ESD  precautions  are  strongly  recommended  to  avoid  functional  damage  or  performance 
degradation.  Charges  readily  accumulate  on  the  human  body  and  test  equipment  and  discharge 
without  detection.  Unused  devices  must  be  stored  in  conductiv:  foam  or  shunts,  and  the  foam 
should  be  discharged  to  the  destination  socket  before  devices  are  temoveS.  ^6i'^aic^ui^l^osnulAM^ 
on  ESD  precautions,  refer  to  Analog  Devices'  ESD  Prevention  Manual. 


This  information  applies  to  a  product  under  development.  Its  char|(^^^cs  and  specificatipij^,^,fj(ibiect  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufactyjJiytrtW?  otherwise  agr^jpi^f^^  writing. 
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SPECIFICATI0NS-AD28msp01 


Parameter 


Serial  Ports 
Tttttiiig  Reguii  tinthU 

tscE 

tRO 


-SDI/SDIFS  Setup  before  SCLK  Low 
SDI/SDIFS  Hord  t&a  SCLK  Low 


SCLK  Period 

SDOFS  Delay  from  SCLK  High 
SDOFS  Hold  after  SCLK  High 
SDO  Hold  after  SCLK  High 
SDO  Delay  from  SCLK  Higii 


Unit 


Clock  Sagnab  ''  '  '  . 

Imck  MCLX  Frequency 

(mkh         MCLK^^^ddi  Ifigb 

Switclmg  Characteristic: 

tscK  SCLK  Period 

tsKL  SCLK  Width  Low 

tsKH  SCLK  Width  High 


Parameter 

Min  Max 

Unit 

Serial  Port  Tristate 

SwUchu^  Characterisac: 

Low  to  SDO,  SDOFS,  SCLK  Disable 
tspB        ^^High  to  SDO,  SDOFS,  SCLK  Enable 
%rv    "^::^je5(  JB^fem  SJPOFS,  SCLK  Valid 

ns 
ns 
ns 

*SPO 

*SPV 

\ 

/ 

tsPE  ^ 

This  information  applied  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufoetlitf  unless  otherwise  agreed  to  fn  writing. 
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REVO 


AD28msp01 


ANALOG  INTERFACE  Ci 


ISTICS 


Paiameter 

Atin  Typ 

TTnit 
Uull 

ADC: 

II 

Input  I^eakage  Current  at  Vj^            «  . 

10 

nA 

Ri 

Input  Resistance  at  Vj^j 

100 

Mn 

Cu. 

Input  Load  Capacitance  at  Vps 

10 

pF 

ViNMAX 

Mazimutii  Iiqmt  Range  at  Vq^ 

3.1S6 

DAC: 

Output  Resistance  for  Voice  Fiequouies* 

1 

n 

VoOFF 

Output  dc  Offset  Between  Voot+  ™<1  ^ovt- 

100 

mV 

Coi. 

Output  Load  Capacitance* 

100 

pF 

Vo 

Maximum  Voltage  Output  Swing  (p-p)  Across  Rx.  Differential 

6.312 

V 

Rl 

Load  Resutmoe* 

2 

Parameter    ^mTL  * 

"Ast  Collations 

iVIin  Max 

Unit     .     *■  ^ 

Gain  Tracking  (Reference  Level  -  0  dBm<)) 

ADC  Gain  Tracking  Error 
Sinusoidal  Input 

Decoder  Gain  Tracking  Error            *  ^> 

+  3  to  -50  dBmO 
+3  to  -50  dBmO 

±0.1 
±0.1 

dB 
dB 

Typical  Fieqnraicy  ReqMmacs 

Tbe  fiequency  lesponies  of  the  ADC  and  DAC  are  given  bdow. 

9.6  kHz 

8.0  kHz 

7.2  kHz 

ADC 

Fassband  Ripple 

<0.1  dB 

<0.1  dB 

<0.1  dB 

Low-Pass  Fassband  Cutoff  Freiquency 

3.4  kHz 

3.4  kHz 

3.3  kHz 

Low-Pass  Stopband  Cutoff  Frequency 

4.8  kHz 

4.0  kHz 

3.6  kHz 

High-Pass  Fassband  Cutoff  Fiequency 

220  Hz 

220  Hz 

220  Hz 

High-Pass  Stopband  Cutoff  Frequency 

60  Hz 

60  Hz 

60  Hz 

Low-Pass  Stopband  Rejection 

-55  dB 

-55  dB 

-55  dB 

Hi^-Flrss  Stopband  R^ectioa 

-SOdB 

-SOdB 

-SOdB 

DAC 

Fassband  Ripple 

<0.1  dB 

<0.1dB 

<0.1  dB 

Fassband  Cutoff  Frequency 

3.4  kHz 

3.4  kHz 

3.3  kHz 

Low-Pass  Stopband  Cutoff  Frequency 

4.8  kHz 

4.0  kHz 

3.6  kHz 

Stopband  Rejection                               -. , 

J     .        -55  dB 

-55  dB 

-55  dB 

This  information  applies  to  a  product  8fiflW-*levelopment.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  IsBgtKling  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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Noise  and  Distortion 


B! 
OOJ 


DAC  Si^  le^Noise  Plus 


^Single  Tone  Test) 


ADC  Intennodulation  Distortion 
DAC  Intermodulation  Distortion 
ADC  Idle  Channel  Noise,  0  Hz-4000  Hz  Flat 
OimMe  Chanwd  N^,  0  Hz-4000  Hz  FUt 

Oiwgfi- !      '   If'  ■■  ' 


Output  Level: 

0 

Output  Level: 

-20 

dBmO 

Output  Level: 

-30 

dBmO 

Output  Level: 

-40 

dBmO 

Output  Level: 

-50 

dBmO 

Output  Level: 

-60 

dBmO 

Output  Level: 

-70 

dBmO 

Output  Level: 

-80 

dBmO 

Output  Level: 

0 

Output  Level: 

-20 

dBmO 

Output  Level: 

-30 

dBmO 

Output  Level: 

-40 

dBmO 

Output  Level: 

-50 

dBmO 

Output  Level: 

-60 

dBmO 

Output  Level: 

-70 

dBmO 

Output  LeyeU 

-80 

dBmO 

Parameter 


PSRR  and  Crosstalk 

Vdda  &  VjjDD  Power  Supply  Rejection,  ADC  Channel 
Vdda  &  Vdjdd  Power  Supply  Rejec^pn,  DAC 
mmmHk,  ADC  Channel-to-DAC  Chmrnel 


dossteik,        CEUmel-to-ADC  Channel 


100  mV  p-p,  1.02  kHz  on  Supplies 
100  mV  p-p,  1 .02  kHz  on  Supplies 
ADC  Input:  1.02  kHz  at  0  dBmO 
DAC  Input:  IDLE  CODE 
Measiu-e  Vqut  m  102  kHz 
ADC  Input:  Analog  Ground 
DAC  Input:  1.02  kHz  at  DmW* 
Measure  ADC  Output  at  1.02  kHz 


Min    Typ  Max 


Unit 


-35 
-35 
-80 

 =90 


dB 
dB 
dB 


dB 


;m  I  ■•itr. 


9.6  kHz 

8.0  kHz 

7.2  kHz 

Unit 

Typical  Group  Delay 

12 

13 

15 

ms 

ADC  Low-Pass  Filter  Group  Delay 

2 

3 

5 

ms 

ADC  High-Pass  Filter  Group  Delay 

10 

10 

10 

ms 

DAC  Group  Delay 

2 

3 

5 

ms 

R^ampling  Filter  Group  Delay 

2 

3 

5 

ms 

odomIsK  ill  : 


ORDERING  GUIDE 


Model 

Package  Qptioli* 

AD28msp01 

N-28 

*N  =  Plastic  DIP.  Fa:  outline  informaticai  see  Packsge  InfbmiatiQa  section. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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Linear  Codec 


FEATURES 

Complete  Linear  Coded  Codec 

16-Bit  Sigi^apOelta  AOC 

16-Bit  Sigma-Delta  DAC 

On-Chip  Antialiasing  and  Anti-lmaglna  FiHers 

On-Chip  Voltage  Reference 

8  IcHz  Sampling  Frequency 

Twos  Complement  Coding 

65  dB  SNR  and  THD  i.^. 

Programmable  Gain  on  DAC  and  AOC 

DSP  Compatible  Serial  Port 

24-Pin  (0.3  Inch)  DIP/SOIC 

Single  5  V  Power  Supply" 


SIMPUFIED  BLOCK  DIAGRAM 


VCMCEBAND 
ANALOG 
INPUT  A  - 


VOICEBAND_ 
ANALOG 
INPUT  B 


16  -  BIT  SIGMA  -  DELTA 
ANALOG -TO -DIGITAL 
CONVERTER 


VOLTAGE  ^ 
REFEHBK^ 


OlFFEREffTUU. 
ANALOG 


X 


BANOGAP 

^^^^ 


16 -BIT  SIGMA -DELTA 
DIGITAL- TO -MIALOG 
CffliU!ERTEn 


SERIAL 
PORT 


DATA  AND 
CONTROL 


GENERAL  DESCRIPTION 

The  AD28msp02,  as  shown  in  Figure  1,  is  a  complete  analog 
front  end  for  high  performance  voiceband  DSP  applications. 
Compared  to  traditional  jL-law  and  A-law  codecs,  the 
AD28msp02's  linear  coded  ADC  and  DAC  maintain  wide 
dynamic  range  throughout  the  transfer  fimction  wiiile  maintain- 
ing far  superior  SNR  and  THD. 

A  sampling  rate  of  8.0  kHz  coupled  with  65  dB  SNR  and  THD  t 
performance  make  the  AD28msp02  attractive  in  many  datacom^^ 
and  telecom  applications  (e.g.,  cellular  radio,  telephones,  etc.). 


The  inclusion  of  on-chip  antialiasing  and  anti-imaging  filters, 
16-bit  ADC,  16-bit  DAC  and  programmable  gain  amplifiers  in  a 
24-pin  DIP/SOIC  ensures  a  highly  integrated  and  compact  solu- 
tion to  voicebd^  analog  processing  requirements. 

The  serial  I/O  port  provides  easy  interface  to  industry  standard 
DSP  processors  such  as  the  ADSP-2101  jjWiBB*  MU,  ABSP-  . " 
2105,  MC56001  and  the  TMS320C2S. 


f  <  I- 


16  ■  BIT  SIGMA  -  DELTA  ADC 


ANALOG 
SIGMA  -  DELTA 
MODULATOR 


ANTIALIASING 
DECIMATION 
FILTER 


■1 

DIGITAL 

16 

HIGH  PASS 

8.0 

FILTCR 

a.o 

km 

kHz 

16  ■  BIT  SIGMA  -  DELTA  DAC 


DiGIT/>L 
SIGMA  -  DELTA 
MOOULATOn 


ANTI  -  IMAGING 
INTERPOLATION 
FILTER. 


DIGITAL 
HIGH  PASS 
HLTER 


SERIAL 
PORT 


-SDO      ,  , 


—DATA/ 
CNTHL 


1:^ 


Block  Diagram 


This  information  applies  to  a  product  urw^^-^^B^Qprnent.  Its  characteristics  and  specifications  are  subject  to  change  .without  nc^ce. 
Analog  Devices  assumes  no  obligation  ||||^|^(^9^1ijture  manufacture  unless  othenwise  agreed  to  in  writing. 
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PIN  DESCRIPTION 

Pill  Name  I/Q  -  Fonctioii 

■"■ffe  


SDOFS 


Analog  Int^ifiwe 


VrBNORM 


r"" 


V„,AUX 


VfbAUX 


Input     Inverting  terminal  of  the  NORM 
amplifier  for  the  encoder  section 
(ADC).  Refer  to  Figure  2  ftrilie" 
analog  input  connections. 

Output  Output  terminal  of  the  NORM 
amplifier  for  the  encoder  section. 
Refer  to  Figure  2  for  the  suSog 
input  connections. 

Inverting  terminal  of  the  AUX 
amplifier  for  the  encoder  section 
<ADC).  Refer  to  Figure  2  for  the 
!  input  connections. 


Voc 

GNDA  (2  ptas) 

GNDD  (2  pins) 

Seiial  Imerface 
SCLK 


SDI 

SDIFS 
SDO 


Iqput 


Output  Ouqiut  terminal  of  die  AUX 

modifier  for  the  encoder  section. 
Refer  to  Figuie  2  for  the  analog 

input  connections. 

Output  Noninverting  output  terminal  of  the 
output  differential  amplifier,  from 
the  decoder  (DAC).  Refer  to  Figure 
3  for  the  analog  output  connecti< 

Output  Inverting  output  terminal  of  the 
output  differential  amplifier,  £roqt 
the  decoder.^  .^iK^^i^gpr 3  for 
the  analog 


Analog  voltage  Qiwmni 
+SV) 

Analog  groimd 

Digital  supply  voltage  (Nominal 

+  5  V) 

Digital  ground 


Output  Serial  clock  for  clocking  data  or 
control  bits  to/from  the  serial  port 
(SPORT).  The  frequency  of  this 
dock  is  the  frequency  of  the  master 
dock  supplied  at  MCLK  divided  by 
3.  SCLK  can  be  three-stated  under 
control  of  the  TSEN  pin. 

Input     Serial  input  to  supply  data  or 
control  information  to  the 
AD28msp02. 

Input     Framing  signal  for  SDI  serial 
transfers. 

Output  Serial  output  to  obtain  data  or 
control  information  from  the 
ADZSmspOZ.  This  pin  can  be 
dme-stated  by  the  TSEN  jrin. 


DATA/CNTRL  Input 


Output  Framing  signal  for  SDO.  This  pin 
can  be  three-stated  by  the  TSEN 
pin.  '^■s 

Differentiates  benreen  data  and 
control  serial  1 
SPORT. 


AUsceUaneou* 
MCLK 


RESET 


TSEN 


Input 


Input 


Input 


The  master  clock  to  the 
AD28msp02.  The  clock  frequency 
is  13.0  MHz. 

This  pin  three-states  the  SPORT 
pins  and  clears  the  digital  filt^irin 
the  modulator. 

This  pin  should  be  high  to  enaUe 
.  the  SPORT.  When  not  enabled, 
SPORT  outputs  are  in  a  high- 


FUNCTIONAL 
Encoder 

he  encoder  con&ff  of  two  analog  input  amplifiers  and  a 
^dca  analog-^-dj||pil  converter  (ADC).  The  two  analog 
i)  can  be  adjusted  in  gain  from 
I  resistors.  The  amplifiers  are 
I  voltage  reference,  Vr^pqut  (see  Figure  2). 
s  one  amplifier  as  the  input  to  the  sigma- 
i  modulator.  An  optional  20  dB  pre-amplifier  can  be 
ted  before  the  modulator.  The  pre-amplifier  and  multi- 
plei^r  are  configured  by  bits  in  the  control  register. 

i-delta  ADC  consists  of  a  sigma-delta  modulator,  an 
;  dedmation  filter,  and  a  digital  high  pass  filter.  The 
a-ddta  modulator  noise-shapes  the  signal  and  produces  1-bit 
samples  at  a  1.0  MHz  rate.  This  bit  stream,  representing  the 
analog  input,  is  fed  to  the  antialiasing  decimation  filter.  This 
filter  contains  tvro  stages.  The  Stst  is  a  knr  pass  filter  that 
reduces  the  sampling  rate  to  40-VBz  and  incmses  llie  sanq^ 
width  to  16  bits.  The  resulting  data  stream  is  pptcessed  by  die 
second  stage,  a  low  pass  filter  that  further  reduces  the  san^liiig 
rate  to  8  kHz.  Finally,  the  digital  high  pass  filter  removes 
input  frequency  components  at  the  low  end  of  the  spectrum. 
Eaeh  res|iltattt  wbb^  is  then  loaded  in  to  due  S^OiRT  for 

The  high-pass  filter  can  be  bypassed  by  setting  the  appropriate 
bit  in  the  control  roister.  The  input  signal  must  be  externally 
biased  to  the  Vr^fout  levd  if  the  high-pass  filter  is  bypassed. 
Decoder 

The  decoder  consists  of  a  sigma-delta  digital-to-analog  converter 
(DAC)  and  a  differential  output  amplifier.  The  sigma-delta 
DAC  reads  16-bit  samples  at  an  8.0  kHz  rate  from  the  SPORT. 
These  samples  are  low-pass  and  high-pass  filtered  by  the  anti- 
imaging  and  high  pass  filters.  The  multirate  anti-imaging  low- 
pass  filter  has  two  stages.  The  first  stage  interpolates  the 
sampling  rate  to  40  kHz;  the  second  stage  interpolates  to 
1.0  MHz.  The  high  pass  filter  can  be  bypassed  by  setting  the 
i^propdate  bit  m  die  coaatdKigisteT. 


TKis  informMOHlii^ias'tDtf  product  under  (tevdiopmem.  McHaraeiM^  aiwaubjici  td^e 
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The  1.0  MHz  16-bit  samples  are  processed  by  the  digital  sigma 
delta  modulator  which  noise-shapes  the  data  stream  and  reduces 
the  sagmple  width  to  1  bit.  This  1-bit  dau  stream  is  fed  at  a  1.0 
MHz  late  to  the  analog  smoothing  filter  in  which  the  bit  stream 
is  convened  into  an  analog  voltage  and  low  pass  filtered.  The 
gain  of  this  smoothing  filter  can  be  adjusted  via  the  control  reg- 
ister firom  -15  dB  to  -(-6  dB  in  3  dB  steps.  The  output  of  the 
analog  smoodiing  filter  is  a  differential  signal  which  is  fed  to  the 
output  amplifier. 

Serial  Port 

The  serial  interface  consists  of  an  I/O  port  which  can  be  used  tc 
transmit  and  receive  data  or  control  information  to  and  from  the 
AD28msp02.  '  '        '  ^ 

Control  Register 

The  control  register  determines  the  configuration  of  the 
AD28msp02  and  can  be  read  and  written  via  the  SPORT  by 
driving  the  DATA/CNTRL  pin  low.  It  is  possible  to  progiain 
the  encoder  and  decoder  gain  settings,  filter  bypass  options, 
power-down  option  and  encoder  multiplexer  selection  using  this 
register. 

DETAILED  BLOCK  DESCRIPTIONS 
Analog  Input  Interface 

The  recommended  analog  input  interface  is  shown  in  Figure  d 
Since  the  AD28msp02  operates  from  a  single  5  V  power  supply, 
an  arbitrary  analog  input  signal  with  0  V  dc  bias  must  be  offset 
and  scaled  appropriately  to  avoid  clipping  and  to  ensure  success- 
fill  conversion.  The  scaling  of  the  analog  input  is  achieved  by 
the  resistors  RIN  and  RFB.  The  gain  -RFB/RIN-  should  be 
selected  to  ensure  that  a  full-scale  analog  input  signal  at  AIN 
produces  a  3.156  V  peak-to-peak  signal  at  the  encoder  input.  ^ 
The  dc  offsetting  of  the  analog  input  is  done  with  an  on-chip 
generated  reference  voltage  Vrefout  •  Both  the  NORM  and  the 
AUX  inputs  must  be  ac  coupled  for  proper  operation.  The  cou- 
pling capedtor,  CAC,  should  be  0. 1  (iF  or  greater.  The  RIN 
resistors  should  be  chosen  to  ensure  a  coupling  comer  frequency 
of  30  Hz. 


CAC1  R|n1 
A,M»IOiait_|[_^/^ 


the  input  3  dB  point.  An  acceptable  3  dB  point  range  is  20  kHz 
±  10%  which  should  be  achieved  using  components  in  the 
ranges  indicated.  (See  Figure  2.) 

The  two  separate  input  amplifiers  NORM  and  AUX  can  be 
individually  configured  to  allow  for  the  variations  in  microphone 
sensitivity.  The  20  dB  gain  stage  can  be  selected  when  there  is  . 
not  enough  gain  in  the  inp^  an^l^icir- 

This  input  structure  also  allows  the  easy  comlMiiatio^4^'^.nnmij . 
ber  of  analog  inputs  before  conversion.  Figiue  2  shows  ^go  -  < 
inputs  summed  together  at  the  NQI^Ji^ufe, ;  ,.  . 

Analog  Output  Inteiface 

The  differential  analtig  ouqnit  signal  is  dc  biased  at  the  internal 
reference  volti^  «id  tlierdfore  can  either  be  ac  coupled  using 
CAC-I-  and  CAC^  (Figure  3a)  or  can  drive  a  differential  load 
directly  (Figiue.  3b).  Load  resistances  in  the  range  2  kfl  to  °° 
can  be  accomm|)|rad.  The^ouqnit  j^^^  be  programmed  via 
the  c(nitra||^C|^l9^om  -IS  dB  to 46  dB  in  3  dB  steps.  The 
nominal  node  differential  swing  is  4-3.156  V  to  —3.156  V. 

^vended  output  can  be  achieved  without  ac  coupling,  by 
an  extd|^  differential-to-single-ended  amplifier  con- 
ition  (^PlKe  Vi^n  this  case,  the  output  gain  can  be  set 
vflk'sSection  of  resistor  values.  Alternatively, 

lutputs  may  be  u^  directly  with  degraded  perfor- 
id  resistances  greater  than  2  kil  can  be  driven.  IThe 
lum  single-ended  output  j^lgnal  is  3.1S6  V  peak- 


CAC.  CAC-  OPTIONAL 


a.  Differential  Load  with  AC  Coupling 


Al^NORie— II— VW— ' 

CAC2  R|„2  |— I 


CAC3  R|n3 
A,„AUX— I  I  

lOkaiRFiiSolia 
lOkaxRiHtSota 
tsopFxCnxXXipF 


Figure  2.  Analog  Input  interface 

Since  the  encoder  uses  a  highly  oversampled  implementation 
approach  which  transfers  the  bulk  of  the  antialiasing  filtering 
requirement  into  the  digirni  domain,  rhe  analog  input  antialias- 
ing filter  need  only  be  of  low  order.  This  antialiasing  is  done  by 
the  RFB/CFB  combination,  allowing  the  user  to  arbitrarily  set 


.     IWFEIieNTIAt-IOSfNatS-eNaEDeaNVEinER        ;  I    r  - 

b.  Single-Ended  Output 
Figure  3.  Analog  Output  Interface 

Serial  Ports 

There  is  a  bidirectional  serial  port  (SPORT)  for  transmitting 
data  between  the  AD28msp02  and  the  host  processor,  with  a 
minimum  of  external  hardware  (Figm-e  4). 

All  serial  transfers  are  16  bits  long,  MSB  first,  at  the  SCLK 
rate.  SCLK  is  internally  set  to  the  master  clo^  Srequraicy 
divided  by  5,  exactly  2.6  MHz. 

When  data  is  wrinen  to  the  AD28nisp02  via  the  SPORT,  the 
transfer  is  initiated  by  the  host  processor  driving  the  SDIFS 
input  on  the  SPORT  high  shortly  after  the  rising  edge  of  SCLK 


and  maintaining  SDIFS  high  for  one  cycle.  The  DA TA/CnTRL 
Une  must  be  driven  high  when  SDIFS  is  driven  high.  Data  is 
then  driven  from  the  processor  shortly  after  the  rising  edge  of 

This  infomnation  applies  to  a  product  under  development  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 


REV.  0 


COMMUNICATIONS  PRODUCTS  4-27 


AD28msp02 


the  next  clock  and  clocked  into  the  AD28msp02  on  the  falling 
edge  of  SCLK  in  that  cycle.  All  data  bits  are  thus  clocked  into 
the  AD28msp02  on  the  falling  edge  of  SCLK  starting  with  the 
MSB  first. 

If  the  SDIFS  input  is  driven  high  again  before  the  end  of  the 
present  transfer,  it  is  not  recognized  until  the  falling  edge  of 
SCLK  in  the  LSB  cycle. 


The  TSEN  pin  can  be  used  to  three-state  the  SPORT  pins  and 
dilUiMeieetaaiiaiiieitien  to  the  host  processor.  This  capability  &  '■ 
useful  &  mulri-ctKfee-  configurations  where  the  host  processrac  ' ' 
can  oaataA  eadh  W^f^itMslaa^f^m^l?ed  imi. 


,«oasi!)«po2 


/       SDI  (3- 

STATE) TDATA 

DSP 

SDIFS 

TFS 

SDO  (3  -  STATE) 

ROATA 

SOOFS 

RFS  _ 

FLAG 

acuc  _ 

ll 


a.  Single  AD28msp02  to  Single-Port  DSP 


:t.ic*3iUi  .taut 

as:, 

'  .'fi     a;  lgfli.it- 


(3  -  STATE)  TD*TA 


I 


Control  Register  Reads 

To  read  the  control  register,  the  host  processor  must  transfer 
two  control  words.  For  each  transfer,  the  DATA/CNTRL  pin 
must  be  low  when  SDIFS  is  asserted.  If  the  MSB  of  the  bit 
stream  is  high,  the  SPORT  recognizes  the  incoming  serial  data 
as  a  request  for  control  information!  "Hj^'ittMleiail  for' reading  ' 
the  control  register  is  as  follows: 

a.  The  host  processor  sends  a  "Read  Request"  control  word  , 
to  the  AD28msp02.  Since  the  MSB  of  this  control  word  is 
high,  the  SPORT  recognizes  the  incoming  serial  data  as  a 
read  request  and  does  not  overwrite  the  AD28msp02  con- 
trol register. 

b.  When  the  AD28msp02  receives  the  read  request,  it  fin- 
ishes any  data  transfers  in  progress  and  waits  for  a  "Read 
Ready"  control  word. 

c.  The  host  processor  then  transfers  a  "Read  Ready"  control 
word  to  the  AD28msp02.  Upon  receiving  this  control 
word,  the  AD28mspO%  transfers  the  control  register  con- 
tents to  the  host  proc«sor  via  the  serial  port. 

d.  When  the  SPORT  completes  the  control  register  transfer,  it 
immediately  restarts  transmitting  data  at  an  8  kHz  rate. 

Tms  scheme  allows  any  data  transfers  in  progress  to  complete 
and  resolves  any  ambiguities  between  data  and  control  words. 
The  format  for  the^ntrol  words  is  listed  in  Table  I. 

fwrite: 


11 

10 

8 

6 

4 

3 

2 

1 

0 

RG2 

RG1 

RGO 

PWX> 

PWDA 

AOTY 

DABY 

TM8 

TPS- 

CONTROL  REGISTER 

The  AD28msp02  has  a  control  register  for  configuring  various 
gain  and  power  down  modes.  The  host  processor  can  read  or 
write  the  control  registn  via  the  serial  port. 

Control  Register  Writes 

To  write  the  control  register,  the  host  processor  must  assert 
DATA/CNTRL  low  when  it  asserts  SDIFS.  If  the  MSB  of  the 
bit  stream  is  also  low,  the  SPORT  recognizes  the  incoming  serial 
data  as  a  new  control  word  and  copies  it  to  the  AD28msp02 
control  register.  The  format  for  the  control  word  is  listed  in 
Table  L 


Receive  Gain  Setting 
RG2    RGl  RGO 

0         0         +6dB  ...  ; 

0  1         +3dB"  "'      ■'      j",  , 

1  0  OdB  '  '.. 
1  1  -3  dB  _ 
0         0         -6  dB  ■ 

0  1  -9dB 

1  0  -12  dB 
1         1         -15  dB 

Power  Down  Digital:  O=power  down,  l=nmning 
Power  Down  Analog:  O=power  down,  l=running 
ADC  High  Pass  Filter  Bypass  Select:  0=use,  . 
1= bypass 

DABY       DAC  High  Pass  Filter  Bypass  Select:  0=use, 
1= bypass 

TMS         Transmit  Multiplexer  Select:  1=AUX  input, 

0=NORM  input 
TPS  Transmit  Pre- Amplifier  Select :  1  = + 20  dB ,  0 = 0  dB 

Read  Request  Control  Word:  100000000000000 
Read  Ready  Control  Word:  110000000000000 

 ly^e  L^Control  Wind  Format        '  " 
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+5  V  Powered 
CMOS  RS-232  Drivers/Receivers 


AD230-AD241 


FEATURES 

Single  S  V  Power  Supply 

Meets  All  RS-232-C  and  V.28  Speciflcatipns 

Multiple  Drivers  and  Receivers 

On-Board  DC-DC  Converters 
±9  V  Output  Swing  witli  +5  V  Supply 
Low  Power  CMOS:  5  mA  Operation 
Low  Power  Shutdown  :<1  inA 
3-State  TTL/CMOS  Receiver  Outputs 
±30  V  Receiver  Input  Levels 
Plug-In  Replacement  for  MAX230-241 

APPLICATIONS 

Computers        ,  '.C/-,  -  y.j. 

Peripherals  ;."uj  v/ ;  -  -  ,  '■.>'  -. 

(lu  r  , 


GENERAL  DESCRIPTION 

The  AD230  family  of  5  V  only,  RS-232  line  drivers/receivers 
provides  a  variety  of  configurations  to  fit  most  communication 
needs,  especially  in  applications  where  ±12  V  is  not  available. 
The  AD230,  AD235,  AD236  and  AD241  feature  a  low  power 
shutdown  mode  which  reduces  power  dissipation  to  less  than 
S  )iW  making  them  ideally  suited  for  battery  powered  equip- 
ment. The  AD233  and  AD23|S  do  not  require  any  external  com- 
ponents and  are  particularly  useful  in  applications  where  printed 
circuit  board  space  is  critital. 

SELECTION  TABLE 


AD232  TYPICAL  OPERATING  CIRCUIT 

+5V  INPUT 


All  mendiers  of  the  AD230  &mily,  except  the  Ap23I  uid  the  ^ . 
AD239,  faidude  two  internal  diaige  paaij?  voltage  cddlV^tds 
which  allow  operation  fixim  a  sing^  -t-S  V  sui^ly.  These  ccm-  v 
voters  omvert  the  -t-S  V  input  power  to  the  ±10  V  required  foV" 
RS-232  output  levels.  The  AD231  and  AD239  are  designed  to 
operate  from  +5  V  and  -1-12  V  supplies.  An  internal  -1-12  V  to 
- 12  V  charge  pump  voltage  tuuHBlai  aa»iiMi%tte  -t2  V 
supply.  (>.rf5r«5»c. 

In  order  to  minimize  the  package  count  in  all  applications,  a 
wide  selection  of  driver/receiva:  combinations  is  available  (see 
table  below). 


No.  of 

No.  of 

Low  Power 

TTL 

Part 

Power 

RS-232 

RS-232 

External 

Shutdown 

Three-State 

No.  of 

Number 

Supply  Voltage 

Drivers 

Receivers 

Capacitors 

(SD) 

EN 

Pins 

AD230 

+5  V 

5 

0 

4 

Yes 

No 

20 

AD231 

-1-5  V&  -^7.S  V 
to  13;2V 

2 

2 

2 

No 

No 

14 

AD232 

-H5  V 

2 

2 

4 

No 

No 

16 

AD233 

■fS  V 

2 

2 

None 

No 

No 

20 

AD234 

+5  V 

4 

0 

4 

No 

No 

16 

AD235 

+S  V 

5 

5 

None 

Yes 

Yes 

24 

AD236 

-1-5  V 

4 

3 

4 

Yes 

Yes 

24 

AD237 

-F5  V 

5 

3 

4 

No 

No 

24 

AD238 

+5  V 

4 

4 

4 

No 

No 

24 

AD239 

-1-5  V  &  -1-12  V 

3 

5 

2 

No 

Yes 

24 

AD241 

-1-5  V 

4 

5 

4 

Yes 

Yes 

28 

GgM^^NicATiONS-rmooucTS  )»-m 


Anion    AnO>l  1        CDCnCir  ATinUC  '^'c  =  +S  V  ±  10%  (AD231,  AD232,  AD234,  AD236,  AD238,  AD239, 

nU^0U~'nUZ4 1  — Or  LUIilbHI  IUHO  ad241);  v^c  =  +5  v  ±  5%  (A0233,  ad235);  v+  =  7.5  vto  13.2« 

(AD231)  ft  V+  =  12  V  ±  10%  (AD23;i);  All  Specifications  T„„„  to  T„„  unless  othenvlse  noted.) 


Parameter                          ■  t 

Min 

Typ 

Max 

Units 

Test  Conditions/Coiniiients                          .  .• 

Output  Voltage  Swing 

±5 

±9 

Volts 

All  Transmitter  Outpuol^fileBniHirFkA  to^oimS 

Vcc  Power  Supply  Current 

4 

10 

mA 

No  Load,  Ta  =  25°C 

0.4 

1 

mA 

AD231,  AD239 

V+  Power  Supply  Current 

5 

10 

mA 

No  Load,  V+  =  12  V  AD231  &  AD239  Only 

Shutdown  Supply  Current 

1 

10 

|xA 

Ta  =  +25°C,  VsD  =  +5  V 

Input  Logic  Threshold  Low,  Vj^l 

0.8 

V 

t,n,  en,  sd 

Input  Logic  Threshold  Hlg^, 

2.0 

V 

T,N,  EN,  SD  ' 

Logic  Pullup  Current 

15 

200 

(iA 

T,N  =  OV 

RS-232  Input  Voltage  Range 

-30 

+30 

V 

RS-232  Input  Threshold  Low 

0.8 

1.2 

V 

Vcc  =  5  V,  Ta  =  +25°C 

RS-232  Input  Threshold  H^;,,. 

1.7 

2.4 

V 

Vcc  =  5  V,  Ta  =  +25°C 

RS-232  Input  Hysteresis 

0.2 

0.5 

1.0 

V 

Vcc  =  5V 

RS-232  Input  Resistance 

3 

5 

7 

m 

Vcc  =  5V,  Ta  =  +25»C 

TTL/CMOS  Output  Voltage  Low,  Vol 

0.4 

V 

louT  =  1-6  mA  (AD231-AD233,  Iqut  =  3.2  mA) 

TTUCMOS  Output  Vintage  Higji,  Vqh 

3.5 

V 

IouT=  -1.0  mA 

TTL/CMOS  Output  L«kage  Current 

0.05 

±10 

^^A 

EN  =  Vcc,  0  V  <  Rout  s  Vcc     Hu.  -^0«  i'i' 

Output  Enable  Tigie  (Ten) 

400 

ns 

AD23S,  A0236,  AD239,  AD241  n^ruqii. 

(Figure  25.  Cl  =  150  p:^  alffiattqh 

Output  IMsableTywCiT^) 

250 

ns 

AD23S,  AD236,  AD239,  AD241  rniMhr. 

(Figure  25.  Rj.  =  1  kO)  »16^^■ 

Propagation  Delay 

0.5 

p.S 

RS-232  to  TTL  i}!<'ymi.>J^ 

Instantaneous  Slew  Rate' 

30 

V/jis 

Cl  =  10  pF,  Rl  =  3-7  kfl,  Ta  =  -t-25'C 

Transition  R«ffi^^.&KyB^^ , 

3 

V/jis 

Rl  =  3  kn,  Cl  =  2500  pF 

Measured  from  +3  V  to  -3  V  or  -3  V  to  -1-3  V 

n 

Vcc  =  V+  =  V-  =  0  V,  VouT  =  ±2  V 

RsSi^^^^^^j^^i^Cui^',  : 

mA 

NOTE  '   ■   ■  ■      ■       ■  '  '■  -         '       ■  ■■  ■ 

'Saanjite  Wsted  to  iniml!  ciMpliaiiisei  '  '         .  ' 

Speci^cations  subject^Ur'cbEage  without  notice.  i'j'-i  .*;'  ':■'' 

ABSO^TE J^^^^^AICINGS* 

Vec  , .  ,  -0.3  V  to  -H6  V 

V-i-  .  .  :         r.  'r:   .  \  :  .  V.l-f.  (Vcc  -0.3  V)  to  +13  V 

V-  .  :  .  .  .  .'.  +0.3  Vto  -13  V 

Input  Voltages 

T,N  -0.3  V  to  (Vcc  +0.3  V) 

RiN  ±30  V 

Output  Voltages 

Totrr   (V+, +0.3V)to(V-, -0.3  V) 

Roirr  ■  •  •  •  •  -0.3  V  to  (Vcc  +0.3  V) 

Short  Circuit  Duration 
Tout   '  •  •  Continuous 

■  i 


Power  Dissipation 

Cerdip  (Derate  9.5  mW/°C  above  +70°C)    675  mW 

Plastic  DIP  (Derate  7  mW/°C  above  +70°C)    375  mW 

SOIC  (Derate  7  mW/°C  above  +>*>^';..^.;":  -  •  .  375  fliW' 

Operating  Temperature  Range 

Commercial  (J  Version)  0  to  +70°C 

Industrial  (A  Version)  -40°C  to  +85°C 

Extended  (S  Version)  .  .r-/:-.  ........  -55°C  to  +125°C 

Storage  Temperature  Rat«e   -65°C  to  +150''C 

Lead  Temperature  (Soldering,  10  sees)   .  +300°C 

*This  is  a  stress  rating  only  and  functional  operation  of  the  device  at  these  or 
any  other  conditions  above  those  indicated  in  the  operation  sections  of  this 
specification  is  not  implied.  Exposure  to  absolute  maximum  rating  conditions 
for  extended  periods  of  ttme  may  affe^-ieliability. 


CAUTION  

ESD  (electrostatic  discharge;  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  unconnected  devices  si  bject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  foam 
slrauld  be  discharged  to  the  destination  socket  before  devices  are  removed. 


4-30   COMMUNICATIONS  PROOL^CTS 


REV.  A 


AD230-AD241 


ORDERING  GUTOE 


Model 

Temperature 

Package 
Optnm* 

Model 

Temperature 

Package 
Optkm* 

Mffdd 

Temperature 
Range 

Package 
Optimi* 

AD230 

AD231 

AD232 

AD230JN 
AD230JR 
AD230AN 
AD230AR 
AD230AQ 

n 

OX  to  +70°C 
OX  to  +70X 
-40X  to  +85X 
-40X  to  +85X 
-40X  to  +85X 

N-20 
R-20 
N-20 
R-20 
Q-20 

AD231JN 
AD231JR 
AD231AN 
AD231AR 
AD231AQ 
AD231SQ 

OX  to  +70X 
OX  to  +70X 
-40X  to  +85X 
-40X  to  -I-85X 
-40X  to  -I-85X 
-55X  to  -(-125X 

N-14 
R-16 
N-14 
R-16 
Q-14 
Q-14 

AD232JN 
AD232JR 
AD232AN 
AD232AR 
AD232AQ 
AD232SQ 

OX  to  +70X 
OX  to  4-70X 
-40X  to  +85X 
-40X  to  +85X 
-40X  to  -I-85X 

N-16 
R-16 
N-16 
R-16 
Q-16 
Q-16 

AD233 

AD234 

AD235 

AD233JN 
AD233AN 

0°C  to  +70X 

N-20 
N-20 

AD234JN 
AD234JR 
AD234AN 
AD234AR 
AD234AQ 
AD234SQ 

OX  to  +70X 
OX  to  +70X 
-40X  to  +85X 
-40X  to  +85X 
-40X  to  +S5°C 
-55X  to +125X 

N-16 
R-16 
N-16 
R-16 
Q-16 
Q-16 

AD235JN 
AD235AN 
AD235AQ 

ox  to  -I-70X 
-40X  to  +85X 
-40X  to  -h85X 

N-24A 
N-24A 
D-24 

AD236 

AD237 

AD238 

AD236JN 
AD236JR 
AD236AN 
AD236AR 
AD236AQ 
AD236SQ 

OX  to  +70X 
OXto  +70X 

-40X  to  +85X 
to  +85X 
-S5X 10  +125X 

N-24 
R-24 
N-'24 
R-24 
0-24 
Q-24 

AD237IN 
AD237JR 
AD237AN 
AD237AR 
AD237AQ 

OXto  -h70X 
OXto  -I-70X 
-4&C  to  +85X 
-40X  to  +85X 
-40X  to  +8SX 

N-24 
R-24 
N-24 
R-24 
0-24 

AD238JN 
AD238JR 
AD238AN 
AD238AR 
Al323iAQ 
AD238SQ 

OX  to  H-70X 
OX  to  +70°C 
-40°C  to  -t-85X 
-40X  to  -H85X 
-40°C  to  -t-85°C 
-55Xto  -H25X 

N-24 
R-24 
N-24 
R-24 
0-24 
Q-24 

AD239 

AD241 

AD239JN 
AD239JR 
AD239AN 
AD239AR 
AD239AQ 
AD239SQ 

OX  to  +70X 
OX  to  +70X 
-40°C  to  +85X 
-40X  to  +85X 
-40X  to  +85X 
-55Xto  +125X 

N-24 
R-24 
N-24 

R-24 
Q-24 
Q-24 

AD241JR 
AD24IAR 

0Xto-b70X  - 
-40X  to  +85X 

R-28 
R-28 

^  =  Phstic  DIP;  Q  ~  Cerdq);  R  =  Small  Outline  IC  (SOIC).  For  oncline  infonnation  see  Package  Isffnniation  section. 

b  -f  5V  INPUT 


T3ouT 
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CI 
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NC  =  NO  COI^NECT 
Hgure  1.  AD230  DIP/SOIC  Pin  Configuration 
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+5VTO+10V 
CI  -  VOLTAGE  DOUBLER* 


+10VTO-10V  V- 
VOLTAGE  INVERTER 


T1^>0- 


AD230 


'T2ooT 


•TSouT 


RS-232 
OUTPUTS 


•INTERNAL  40M11  PUU  UP  REStSTOR  ON  EACH  TTL/CM08  INPUT 

Figure  2.  AD230  Typical  Operating  Circuit 
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-0<R2  - 


GND 


AD231 
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4.7|lF 
16V 


EQUIVALENT 

,2V   ■  ' 


RS-232 
OUTPUTS 


•R2m 


RS-232 
INPUTS** 


■INTERNAL  400kll  PULL-UP  RESISTOR  ON  EACH  TTL/CMOS  INPUT 
-INTERNAL  Skll  PULL-DOWN  RESISTOR  ON  EACH  RS-232  INPUT 


Figure  4.  AD231  Typical  Operating  Circuit 
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Figure  X  |Aai237  DIP  &  SOIC  Pin  Configiifations 
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TOP  VIEW 
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Rgure  5.  AD232  DIP/SQIC  Pin  Configuration 
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Figure  6.  AD232  Typical  Operating  Circuit 
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FigifTSj.  AD233  DIP  Pin  Configuration 
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•INTERNAL  400kll  PULL-UP  RESISTOR  ON  EACH  TTL/CMOS  INPUT 
••INTHINAL  SUl  PULL-OOWN  RESISTOR  ON  EACH  1)8-232  INPUT 


Figure  8.  A0233  Typical  Operating  Circuit 
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io]  C2+ 

i]  ci- 


Rgore  9.  AD234  DIP/SOIC  Pin  Configuration 


RS-232 
■  OUTPUTS 


-INTERNAL  4001(11  PULL-UP  RESISTOR  ON  EACH  TTL/CMOS  INPUT 


Figure  10.  AIX34  Typical  Operating  Circuit 
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AD230-AD241 


X" 


Figure  12,  AD23B  Typical  Operating  Clreait 
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Hfforo  73.  AD236  DIP/SOiC  Pin  Configuration 
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f?0ure  M.  AD236  Typical  Operating  Gimk 
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Figure  IS. 
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Figure  16.  AD237  Typical  Operating  Circuit 
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Figure  17.  AES38~M^0iC  Pin  Configuration^  t 
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CSISTOH 
RfSISTOI 

Figure  18.  AD238  Typical  Operating  Circuit 
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Flours  20.  M>239  Typical  Operating  CircuH 


t+SV  INPUT 


*IMT£nfUU.  40MU  HJU-UP  RESISTOR  ON  EACH  TTlfCMOS  INPUT 
"INTERNAL  Skll  POLL-DOWN  RESI5T0A  ON  EACH  RS-232  INPUT 


Figure  22.  AD241  Typical  Operating  Circuit 
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ADi^D241 


PIN  FUNCTION  DESCRIPTION 


Mnemgnic  Fniictioii 

V^^       "  Supply  Input  5  V  ±  10%  (AD231,  AD232,  AD234,  AD236,  AD238,  AD239,  AD241). 

I  _    5  y±  5%  (AD233,  AD235). 

V+  Inienially  generated  positive  supply  (+10  V  nominal)  on  all  parts  except  AD231  and  AD239. 

AD231  lequiies  external  7.5  V  to  13.2  V  supply;  AD239  requires  external  10.8  V  to  13.2  V  supply. 

V-  Internally  generated  negative  supply  (-10  V  nominal). 

GND  Ground  pin.  Must  be  connected  to  0  V. 

C+  (AD231  and  AD239  only).  External  capacitor  (+  terminal)  is  connected  to  this  pin. 

C-  (AD231  and  AD239  only).  External  capacitor  (-  terminal)  is  connected  to  this  pin.  . 

C1+  (AD230,  AD232,  AD234,  AD236,  AD237,  AD238,  AD241)  External  capacitor  (+  terminal)  is  connected  to  this  pin. 

(AD233)  The  capadtor  is  connected  internaUy  and  no  exteiii9l.j^(;niw;;tion  tp 

01-  (AD230,  a£>232,  AD234;  AD236,  AD2^7,  AD238,  AD24I)'Btldiiia  tapitafio^t^  tenOMji  »msmm  Wm  pin. 

(AD233)  The  capadtor  &  camSsSeA  imemaliy'and  no  external  coimection  to      pin  is  te^/oSSE^^  ^  '■ 

"CS*  ^,        ,     (AD230,  AD232,  AD234,  AD236,  AD237,  AD238,  AD241)  External  capacitor  (+  terni&ilf ^^^^ ^S^^Tfte.' 
'  ~_  (AD233)  Inteimal  capacitor  connections.  Pins  11  and  15  must  be  connected  together.  •.  nrfm -x.  fff. 

'C2-  ■'<'.  ■■'■         ■(ADSiO,  AfitSai'lM^i^  'iti^e;  i\D237,  AD238,  AD241)  External  capacitor  (-  terminal)  is  connected  to  this  pin. 
(AD233)  Internal  capacitor  connections,  Pins  10  and  16  must  be  connected  together. 

T,N  Transmitter  (Driver)  Inputs.  These  inputs  accept  TTL/CMOS  levels.  An  internal  400  kfl  pull-up  resistor  to  Vcc  is 

■  connected  on  each  input.  ^ .     ii,     ^.-.i.  .     ovts  li 

Tout  .  ,  Transmitter  (Driver)  Outputs.  These  are  RS-232  levels  (typically  ±10  V). 

RiN  '  '     Receiver  Inputs.  These  inputs  accept  RS-232  signal  levels.  An  internal  5  kfl  pull-down  resistor  to  GND  is  connected 

on  each  input. 

RouT„''^'  .|      Receiver  Outputs.  These  are  TTUCMOS  levels. 

EN  Enable  Input  (AD235,  AD236,  AD239,  AD241).  This  is  an  active  low  input  which  is  used  to  enable  the  receiVler 

outputs.  With  EN  =  0  V,  the  receiver  outputs  are  enabled.  With  EN  =  5  V,  the  ouQmts  are  placed  in  a  high 
impedance  state.  This  facility  is  useful  for  coimecting  to  microprocessor  systems.  ' 

SD  Shutdown  Input.  (AD230,  AD235,  AD236,  AD241).  With  SD  =  5  V,  the  charge  pump  is  disabled,  the  receiver 

outputs  are  placed  in  a  high  impedance  state  and  the  driver  outputs  are  turned  off.  The  supply  current  reduces  to 
<S|iAJBria%lhe«  parts  SleaUysiiited  for  battery  -  ! 

NC_^^_^^l_^___^l£j^^WJ^^to^^^^^^^^^^^ 

wr      :r  i-z:  ■  .  Vi.  i  '.K M  ijiw  O!  Ulil  SM,  ■■'■^^  :!i:ri:.h  in\s  ...       %,-  :.]    '  Oj  -  u;  I 

rS 

■/■■    .    c   ■  1  ~  .:  '  •  frffi   /  -.-v 
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AD230-AD241 


GENERAL  INFORMATION 

The  AD230-AD241  family  of  RS-232  drivers/receivers  are  de- 
signed to  solve  interface  problems  by  meeting  the  RS-232-C 
specifications  while  using  a  single  digital  +  5  V  supply.  The  RS  ■ 
232-C  standard  requires  transmitters  which  will  deliver  ±5  V 
minimum  on  the  transmission  channel  and  receivers  which  can 
accept  signal  levels  down  to  ±  3  V.  The  AD230-AD241  meet 
these  requirements  by  integrating  step  up  voltage  converters  and 
level  shifting  transmitters  and  receivers  onto  the  same  chip. 
CMOS  technol<^  is  used  to  keep  the  power  dissipation  to  an 
absolute  minimum.  A  comprehensive  range  of  transmitter/ 
receiver  combinations  is  available  to  cover  most  commimications 
needs. 

The  AD230,  AD235,  AD236  and  AD241  are  particularly  useful 
in  battery  powered  systems  as  they  feature  a  low  power  shut- 
down mode  which  reduces  power  dissipation  to  less  than  S  |xW. 

The  AD233  and  AD23S  are  designed  for  applications  where 
space  saying  is  in^tgqrHoit        cbarge  &m^,l9W?Si^^liaj: 
molded  into  the  prekngp,, "  p., .     ;  ,    ».  .  itTnsrr. 
The  y^^|2^  mdy^^M|«g^|rte  only  a  negative  charge  pimip 
convoter  tm^mmmmmW^ip^citions  where  a  positive 
12  V  is  available. 

To  fadlilate  sharing  a  common  line  or  for  connection  to  a  mi- 
croprocessor data  bus^the  AD235,  AD236,  AD239  and  AD241 
feature  an  enable  (EN)  fimction.  When  disabled,  the  receiver 
outputs  are  placed  in  a  high  impedance  tote. 

CIRCUIT  DESCRIPTION 

The  internal  circuitry  in  the  AD230-AD241  consists  of  three 
main  sections.  These  are: 

(a)  A  charge  pump  voltage  converter 

(b)  RS-232  to  TTL/CMOS  receivers 

(c)  TTL/CMOS  to  RS^232  nansmineis  ; 

Charge  Pump  DC-DC  Voltage  Converter  .  r  . 

The  charge  pump  voltage  convener  consists  of  an  oscillator  and 
a  switching matrix.  The  converter  generates  a  ±  10  V  supply 
from  the  input  S  V'level^  "This  is  done  in  two  stages  using  a 
switched  capacitor  technique  as  illustrated  in  Figures  23  iiid  24. 
First,  die  S  V  input  supply  is  doubled  to  10  V  using  capacitor 
CI  as  the  charge  storage  element.  The  10  T  tewl  is  then  in- 
verted to  geoetate  -10  V  uting  C2 »  ^  mtH^tstm^- 
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Figure  23.  Charge-Pump  Volage  Doubter 
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Figure  24.  Charge-Pump  Voltage  Inverter 

Capacitors  C3  and  C4  are  used  to  reduce  the  output  ripple. 
Their  values  are  not  critical  and  can  be  reduced  if  higher  levels 
of  ripple  are  acceptable.  The  charge  pump  capacitors  CI  and  02 
may  also  be  reduced  at  the  expense  of  higher  output  in^iedanc*' 
on  the  V-H  and  V-  supplies.  , 

The  \+  and  V—  suppUes  may  also  be  used  to  power  external 
circuitry  if  the  current  requirements  are  sgiall. 

-     -     ■         -----  ,  iv\  .l./*..*^\> 

Tnnnnilter (Driver) Section      :<>'  '>rnA^ 
The  drivers  convert  TTL/CMOS  input  levels  into  RS-232-C  out- 
put levels.  With  Vcc  =  +5  V  and  driving  a  typical  RS-232-C ' 
load,  the  ouQnit  voltage  swing  is  ±9  V.  WtSti  under  mam.  case 
ciandiiia&  (be  drivers  aaegunrantwtwilW^     ±S  VRS-232-G 
minimum  requirement. 

The  input  threshold  levels  are  both  TTL  and  CMOS  compatible 
with  the  switching  thiesfaold  sex^gi^^^gli^^g^  a  nominal 
Vcc  =  5  V  the  switching  threshidd  is  L25  V  typical.  Unused 
inputs  may  be  left  uncoimected,  as  an  internal  400  kO  pull-up 
resistor  pulls  them  high  forcing  the  outputs  into  a  low  state. 

As  required  by  the  RS-232-C  standardj  die  slew  rate  is  limited 
to  less  than  30  V/m.s  without  the  tieed  for  an  external  slew  limit- 
ing capacitor  and  the  output  impedance  in  the  power-o£f  state  is 
greater  than  300  (1. 

Receiver  Section 

The  receivers  are  inverting  level  shifters  which  accept  RS-232-C 
input  levels  (±5  V  to  ±15  V)  and  translate  them  into  5  V  TTL/ 
CMOS  levels.  The  inputs  have  internal  5  kfl  pull-down  resistors 
to  ground  and  are  also  protected  against  overvoltages  of  up  to 
±30  V.  The  guaranteed  switching  thresholds  are  0.8  V  minimum 
and  2.4  V  maximum  whit^  are  well  within  the  ±3  V  RS-232 
requirement.  The  low  level  threshold  is  deliberately  positive  as 
it  ensures  that  an  UKonneded  input  will  be  interested  as  a  low 
level. 

The  receivers  have  Schmitt  trigger  inputs  with  a  hysteresis  level 
of  0.5  V.  This  ensures  error-free  reception  for  both  noisy  inputs 
and  for  inputs  with  slow  transition  times. 

Shutdown  (SD) 

The  AD230,  AD235,  AD236  and  AD241  feature  a  control  input 
which  may  be  used  to  disable  the  part  and  reduce  the  power 
consiunption  to  less  than  5  |xW.  This  is  very  useful  in  battery 
operated  systems.  With  SD  =  5  V,  the  charge  piunp  is  disabled, 
the  receiver  outputs  are  placed  in  a  high  impedance  state  and 
the  driver  outputs  are  turned  off. 
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AD230-AD241 


Enable  Input 

The  AD235,  AD236,  AD239  and  AD241  feature  an  enable  in- 
put (EN).  It  is  used  to  enable  the  receiver  outputs.  With 
EN  =  0  V  the  outputs  are  enabled.  With  EN  =  5  V  the  outputs 
are  placed  in  a  high  impedance  state.  This  function  allows  the 
outputs  to  be  connecred  directly  to  a  microprocessor  data  bus.  It 
can  also  be  used  to  allow  receivers  from  different  devices  to 
share  a  common  data  line.  The  timing  dkgnmi  for  ^milite 
fimction  is  shown  in  Figure  2S. 


EN 


OV 


■33V 


\  VbH  -  0.1V 


DATA  VALID 


Figure  25,  Enable  Timing 


appucahon  hints 

Pcotectioii  for  Shorts  to  ±15  V  Supplies 

The  driver  outputs  are  internally  protected  against  shorting  to 
ground,  to  other  driver  outputs,  to  V+  or  to  V—.  In  practice, 
these  are  the  highest  voltages  likely  to  be  encountered  in  an  ap- 
plication. If  the  possibiUty  exists  for  shorting  to  ±  15  V,  then  it 
is  recommended  that  external  protection  be  provided.  This  may 
be  done  by  coimecting  a  series  220  Q  resistor  on  each  transmit- 
ter output. 


AD230-AD241 

Figure  26.  Protection  for  Shorts  to  ±  15  V 

Over-Voltage  Protection  for  AD231,  AD239 

The  AD231  and  AD239  require  an  external  +12  V  supply  as 
they  do  not  contain  an  internal  V+  generator.  It  is  important 
that  this  supply  be  switched  on  befwe  the  5  V,  Vcc  supply. 


If  there  is  a  possibility  that  the  V^c  supply  will  be  switched  on 
first,  or  if  the  12  V  supply  may  be  inadvertently  shorted  to 
ground,  then  it  is  recommended  that  a  diode  (1N914  or  equiva- 
lent) be  connected  in  series  with  the  12  V  input.  This  will  not 
affect  normal  operation  but  it  ensures  that  under  fault  condi- 
tions, die  device  will  be  peotected. 


*9» 


1N914 


Amsi  &  AD239 


Figure  27.  Diode  Protection  Scheme  for  AD231  and  AD239 
Hgh  Baud  Rate  Operation 

The  RS-232-C  standard  requires  tet  "Pmf  Dam  and  Timng 
interchai^e  Circuits,  the  time  for  the        ts  faa  Ami^  the  tran- 
sition region  shall  not  exceed  one  miK$etmd  arfim  penm  ef  the 
nominal  duration  of  the  signal  element  on  that  atterchange  cireitit, 
whichever  is  the  lesser. "  With  the  maximtun  transmission  rate  of 
19.2  kbaud,  this  translates  into  a  minimum  slew  rate  of  3  V/)iS. 
The  typical  slew  rate  of  the  AD230-AD241  is  3  V/ixs  under 
maximum  loading  conditions  and  therefore  meets  the  standard. 

The  V.28  standard  is  more  stringent  wd  cei^uires  a  transition 
time  which  will  not  exceed  three  peitMtt  af  the  nominal  signal 
duration.  This  translates  into  a  dew  rate  ef  4  V/(ls  at  the  maxi- 
mum 19.2  kbaud  rate.  In  practice,  less  than  ideal  slew  rates  will 
have  negligible  affect  on  the  data  transmission.  The  result  is  that 
the  valid  mark/space  duration  is  sUghtly  shorter  than  the  opti- 
mum because  the  signal  spends  more  time  in  the  transition  re- 
gion. The  valid  duration  remains  more  than  ltdequKte  for  error- 
free  reception  even  at  maximtun  immify^m  *rtii<aii  under 
worst  case  load  conditions. 

Driving  Long  Cables 

In  accordance  with  the  RS-232-C  standard,  long  cables  are  per- 
missible provided  that  the  total  load  capacitance  does  not  exceed 
2S00  pF.  For  longer  cables  which  do  exceed  this,  then  it  is  pos- 
sible to  trade  off  baud  rate  vs.  cable  length.  Large  load  capaci- 
tances cause  a  reduction  in  slew  rate,  and  hence  the  maximum 
transmission  baud  rate  is  decreased.  The  AD23&-AD241  are 
designed  so  that  the  slew  rate  reduction  with  increasing  load 
capacitance  is  minimized. 

For  the  receivers,  it  is  imporunt  that  a  high  level  of  noise  im- 
mimity  be  inbuilt  so  that  slow  rise  and  fall  times  do  not  cause 
multiple  output  transitions  as  the  signal  passes  slowly  throng 
the  transition  region.  The  AD230-AD241  have  0.5  V  of  hystere- 
sis to  guard  against  this.  This  ensures  that,  even  iii  wmji  (Spj- 
ronments,  error-free  reception  can  be  adiieved. 
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ANALOG 
DEVICES 


High  Speed  Enhanced,  +5  V 
CMOS  RS-232  Drivers/Receivers 


AD231A/AD232ft/A0233A 


V 

7 


FEATURES 

100  kB  Transmission  Rate 
Small  Charge  Pump  Capacitors 
Single  5  V  Power  Supply 
Meets  All  RS-232-C  and  V.28  SpaiciflGations 
Two  Drivers  and  Two  Receivers 
Onboard  DC-DC  Converters 
±9  V  Output  Swing  with  +5  V  Supply 
Low  Power  CMOS:  10  mA  Operation 
±30  V  Receiver  Input  Levels 

APPUCATlbNS 
Computers 
Peripherals 
Modems 

Printers 
Instruments 

GENERAL  DESCRIPTION 

The  AD231A/AD232A/AD233A  RS-232  line  drivers/receivers 
are  enhanced  replacements  for  the  AD: 
nrOch  liigher  transmission  rate  of 
dent  charge  pump  design  allows  sSBIer  %arge  pump 
(0. 1  (xF)  to  be  used  giving  a  large  reductioni«|l:PCB  board 
space.  All  three  parts  contain  two  RS-232  dri^te  aktt  two 
RS-232  receivers.  * 

The  AD231A  is  designed  to  operate  firom  -1-5  V  and  +12  V  su^ 
plies.  An  internal  -i-12Vto-12V  charge  pump  voltage  eon- 
voter  generates  the  - 12  V  supply. 

The  AD232A  contains  two  internal  charge  pump  vidtage  crai- 
vjners  wludi  suke  operation  £rom  a  single  -l-S  V  supply  posra- 
bfe.  These  converters  convert  die  H-S  V  input  power  to  the 
±10  V  required  for  RS-232  output  levels. 


FUNCTIONAL  ^LbCK  DIAQ»AM 


233  <£>es  not  require  any  external  components  and  is 
useful  in  applications  where  printed  circuit  board 
is  critical. 


On  this  part  the  charge  pum^  apadtmsait 
into  the  padcage^       '  '    '    "  '  ' 


V 


TaU^  I.  Selection  TiO^  - 


Part 

Power 

External 

Number 

Supply  Voltage 

Capacitors 

AD231A 

-1-5  V&  -1-7.5  V  to  13.2  V 

2 

AD232A 

-H5  V 

4 

AD233A 

+5  V 

None  ^ 

Ills  lnfpmi<ttl.Qn  ||PB|i(^,:lo^^fl,eK^ 

Analog  Devices  assumes  SI»#)B0?^niri«|iC^iMH»«nei^^  •  r  . .,  -a  ^  :,t 
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(Vcc  =  +5  V  ±  10%,  V+  =  7.5  V  to  13.2  V 


AD231 A/A0232A/AD233A-SPECIFICATI0NS  Ss/S'""""^ "~ "  ""'^^ 


Parameter 

Min 

Typ 

Max 

Units 

Test  Conditions/Comments 

Output  V0lt3g£  oWUlg 

+5 

-f-9 

Volts 

All  T^roti  cm  trf^t*  fliitT^iitc  T  r^Q/i^H  wifn  ^  Iril  I'rt  litvMinH 
nil    lldllMlllllCl  WULjJUl^  i-iViaUCU  WlUl  J  l^t  LU  VJluUIlU 

^cc  Power  Supply  Current 

lU 

1 J 

mA 

iNo  loaa,  1^  —  ZD 

V+  Power  Supply  Current 

c 

J 

1  n 

INO  lOSuJL)  V  T  —  li  V  ^tXLJLDi  wniyy 

Input  Logic  Threshold  Low,  Vj^^-l 

0.8 

V 

Tin 

Input  Logic  Threshold  High,  Vj^jh 

2.0 

V 

Tin 

Logic  Pull-Up  Current 

15 

200 

aA 

TrvT  =  0  V                                              ■  ■  ' 

RS-232  Input  Voltage  Range 

-30 

-1-30 

V 

Vcc  =  5  V,  Ta  =  +25°C  ' 

RS-232  Input  Threshold  Low 

0.8 

1.2 

V 

RS-232  Input  Threshold  High 

1,7 

2,4 

V 

Vcc  =  5  V,  Ta  =  -l-25°C     ~                '■  ' 

RS-232  Input  Hysteresis 

0.2 

0.5 

1.0 

V 

Y    _  5  y'      .    --iHo^V  awT  tms  iia«>»Q  t 

RS-232  Input  Resistance 

3 

5 

7 

ka 

-j'^''^ +25°C            ci;'>svflo3  OQ-OO  b-  sc- 

TTL/CMOS  Output  Voltage  Low,  Vol 

0.4 

V 

louT  =  3.2  mA         -  '^t^            Jtr     -  V 
Iqut  =  -10  mA 

TTL/CMOS  Output  Voltage  High,  Vqh 

3.5 

V 

Propagation  Delay 

0.5 

(iS 

RS-232  to  TTL 

Instantaneous  Slew  Rate' 

30 

V/jis 

Cl  =  10  pF,  Rl  =  3-7kfi,  Ta  =  -l-25°C 

Trai^itioii  Region  Slew  Rate 

10 

V/tAS 

Rl  =  3  kn,  Cl  r  2500  pF 
Measuredjfi^i3  V  to  -3  V  or  -3  V  to  -i-3  V 

Output  Resistance 

300 

n 

V.j^^M%=  0  V,  VouT  =  ±2  V 

RS-232  Output  Short  Circuit  Ciurent 

±5 

±7 

mA 

NOTE 

'  Sample  tested  to  ensure  compliance. 
Specifications  subject  to  change  without  notice. 


.  .  ,.  ,  .675  mW 

>.;ai!«i  as  ' 

,aM  ;r:i^  /.  ; 
  V  375inW 


,  (V+,  +03  V)  to  (V-,  -0.3  V) 
;  — ^  -03  V  to  (Vcc  +  0.3  V) 
Short  Ci£@i^  ^i^i^oi 
Tour   Conanuous 


CAUTION 


■ate  7  mW/'C  above  -H70''C) 
irating  Temperature  Range 

Commercial  (J  Version)  0°C  to  -I-  70°C 

Industrial  (A  Version)  -40°C  to  -l-85°C 

Extended  (S  Version)   -55°C  to  -i-125°C 

Storage  Temperature  Range   — 65°C  to  +150°C 

Lead  Temperature  (Soldering,  10  sees)  -I-300°C 

^Stresses  above  those  listed  under  "Absolute  Maximiun  Ratings"  may  cause 
pennanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  the 
opezatioiial  sections  of  this  specification  is  not  impUed.  Exposure  to  absolute 
maximum  ratings  for  extended  periods  of  time  taas  ^ast  4eiice  leliabitity. 


ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 

however,  permanent  damage  may  occur  on  unconnected  devices  subject  to  hig^  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  foam 
should  be  discharged  to  the  destination  socket  before  devices  are  removed. 


WARNING! 


ESD  SENSITIVE  DEVICE 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  noffcel 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  In  writing. 
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AD231A/AD232A/A0233A 


PIN  CONFIGURATIONS 

\y  


♦7.5VT013JV 


AD231A 


c*  [T  • 

v-[T 

OUT  [7 

^  TOPVIEW 
nZiH  Li       (Not  to  Scale) 

"OoutH 
NC  [T 


AD231A  DIP 


ci*|T  • 
».[T 

CI-  [T 

C2»  [T 
C2-  |T 

V-  [T 
"outE 


c»  Q 

14]  V* 

v-[T 

AD231A 

iTI  GND 

TOP  VIEW 

111  "out 

(Not  to  Scale) 

io]Ri„ 

a 

PIN  CONFIGURATIO: 
AD232A  DIP/SOIC 


■INTERNAI.  WOcn  PULL-UP  RESISTOR  ON  EACH  TTL/CMOS  INPUT 
"INTERNAL  Skil  PULL-DOWN  RESISTOR  ON  EACH  RS-232  INPUT 


Rgura  2.  AD232A  typical  Operating  Circuit 


Analog  Devices  assumes  no  ObUgatiiin^>ras«Klinci^futufe  nmnirfactuKfttinless  ethamite»asrBBditDtiiiMiigac,£9muffi»  ^oniv^rO 


PIN  CONFIGURATION — 
AD233A  DIP/SOIC 


^i^'■'^r^/,^- 


T2lN  E 

T1|N  E 

Riout  E 
"out  E 

GND  |T 
Vcc  E 

CI*  E 

QND  E 


AD233A 

TOP  VIEW 
(Not  to  Soto) 


31]  TS  pUT 

Tt]  V- 

li]  C2- 
7?]  C2*  - 

14]  v» 
13]  C1- 


m/CHOS 
INPUTS* 


CHS 

/tl^  


'.ttflH  HOM  HO  BO'S 


RS-232 
OUTPUTS 


INTERNAL 
-10V  POWER 
SUPPLY 
WTERNAL 
«1IIV  POWER 
SUPPLY 


■INTERNAL  4e0knPULL-UP  RESISTOR  ON  EACH  TTL/CMOS  INPUT 
■•'INTERNAL  SkSl  PULL-DOWN  RESISTOR  ON  EACH  RS-232  INPUT 

A\  V^/gure  3.  AD233A  Typical  Operating  Circuit 


Mnemonic  Function 


V+ 

V- 

GND 

C+ 

c- 

C1+ 
Cl- 

ca+ 

C2- 


ToUT 

Rout 
NC 


IRIPTION 


.P232,  AD233.  AD231  requires  external  7.5  V  to  13.2  V 


Power  supply  input  5  V  ±10%. 
Internally  generated  positive  supply  (1 
supply.  ~ 

Ititernally  generated  negative  supply  (-10  V  nominal). 
Ground  pin.  Must  be  connected  to  0  V. 


AD231:  External  capacitor  (-  terminal)  is  coimi 
AD232:  External  capacitor  (-1-  terminal)  is  coimi 
external  connection  to  this  pin  is  required. 
AD232:  External  capacitor  (-  terminal)  is  conni 
external  connection  to  this  pin  is  required. 
AD232:  External  capacitor  (4-  terminal)  is  conA 
internal  capacitor. 

AD232:  External  capacitor  (-  tanjinal)  is  conn 
internal  capacitor. 

Transmitter  (driver)  inputs.  Theseinpijtsiaccept  TTL/CMOS  levels.  An  internal  400  kfl  pull-up  resistor  to  Vcc 
connected  on  each  input. 

Transtriitter  (drivet)  outputs.  TTiese  are  RS-232  levels  (typically  ±10  V). 

Receiver  inputs.  These  inputs  accept  RS-232  signal  levels.  An  internal  S  kfi  pull-down  resistor  to  GND  is  connected  on 
each  of  these  input^. 

-R&efver  outputs.  These  are  TTL/CMOS  levels. 
No  Connect.  No  connections  are  required  to  this  pin. 


to  this  pin. 

to  this  pin. 

to  this  pin. 

AD233 

to  this  pin. 

AD233 

to  diis  pin. 

AD2*3 

to  this  pin. 

AD233 

:  to  use  the 


pins  togellier  to  use  the 


This  infeifnattiimtipiinn^  undeKdmneiopRiBnt  Ks'ctieiaetaiiiMiesiMidtqweiliBaiion*     su^eetto^ohangB  without  iMce, 

Analog DosrilM #MMM^~«i9i)Hgattie^n^^  •;.v.  .c  >  '. 


receivers  are  designed  to  solve  interface  problems  by  meeting 
the  RS-232-C  specifications  while  using  a  single  digital  +  5  V 
supply.  The  RS-232-C  standard  requires  transmitters  which  will 
deliver  ±5  V  itiinimiim  on  the  transmission  channel  and  receiv- 
ers which  can  accept  signal  levels  down  to  ±3  V.  The  parts 
achieve  this  by  integrating  step  up  vohage  converters  and  level 
shifting  transmitters  and  receivers  onto  the  same  chip.  CMOS 
technology  is  used  to  keep  the  power  dissipaticn  to  an  absolute 

miniTTnim 

The  AD232  contains  an  internal  voltage  doubler  and  a  voltage 
inverter  niiicfa  generates  ±  10  V  &om  the  +S  V  input.  External 
0.1  IJI.F  capacitors  are  required  for  the  internal  voltage  converter. 

The  AD233  is  designed  for  applications  where  space  saving  is 
important  as  the  charge  pump  capacitors  are  molded  into  the 
package. 

The  AD231  contains  only  a  negative  charge  pump  converter  and 
is  intended  for  applications  lAe^AfatUve  12  V  is  available. 


rnuM 

VOLTAGE  DOUBLER 


tions.  ThfiStaKk 


CIRCUIT  DESCRIPTION 

The  internal  circuitr>'  consists  of  three  main  sections.  Th 

(a)  A  charge  pump  voltage  converter 

(b)  RS-232  to  TTL/CMOS  receivers  ' 

(c)  TTL/CMOS  to  RS-232  transmitters. 

Charge  Pump  DC-DC  Voltage  Converter 

The  charge  pump  voltage  converter  consists  of  an  oscillator  and 
a  switching  matrix.  The  converter  generates  a  ±  10  V  supply 
from  the  input  5  V  level.  This  is  done  in  two  stages  using  a 
switched  capacitor  technique  as  illustrated  below.  Firstly  the 
5  V  input  supply  is  doubled  to  10  V  using  capacitor  CI  as  the 
charge  storage  element.  The  10  V  level  is  then  inverted  to  gen- 
erate -  ID  V  using  C2  as  the  storage  element. 

Capacitors  C3  and  C4  are  used  to  reduce  the  output  ripple. 
Their  values  are  not  critical  and  can  be  reduced  if  higher  levels 
of  ripple  are  acceptable.  The  charge  pimip  capacitors  CI  and  C2 
may  also  be  reduced  at  the  expense  of  higher  output  impelance 
on  the  V+  and  V—  supplies. 

The  V+  and  V-  supplies  may  also  be  used  to  power  external 
circuitry  if  the  current  requirements  are  small. 


INTERNAL 
OSCILLATOR 


± 


-I— O  V-s-(Vt) 


Figure  5.  Voltage  Inverter 
Transmitter  (Driver)  Section 

The  drivers  convert  TTL/CMOS  input  levels  into  RS-232-C 
output  levels.  With        =  -1-5  V  and  driving  a  typical  RS-232-C 
load,  the  output  voltage  swing  is  ±9  V.  Even  tmder  worst  case 
conditions  the  drivers  are  guaranteed  to  meet  the  ±5  V 
RS-232-C  minimum  requirement. 

The  input  threshold  levels  are  both  TTL  and  CMOS  compatible 
with  the  switching  threshold  set  at  V(-(^/4.  With  a  nominal  V^-<; 
=  5  V  the  switching  threshold  is  1.25  V  typical.  Unused  inputs 
may  be  left  uncormected,  as  an  internal  400  kfi  pull-up  resistor 
pulls  them  high  forcing  the  outputs  into  a  low  state. 

As  required  by  the  RS-232-C  standard  the  slew  rate  is  limited  to 
less  than  30  V/jj.s  without  the  need  for  an  external  slew  limiting 
capacitor  and  the  output  impedance  in  the  power-Off  state  is 

greater  than  300  n. 

Receiver  Section 

The  receivers  are  inverting  level  shifters  which  accept  RS-232-C 
input  levels  (±5Vto±15V)  and  translate  them  into  5  V  TTL/ 
CMOS  levels.  The  inputs  have  internal  5  kfl  pull-down  resistors 
to  groimd  and  are  also  protected  against  overvoltages  of  up  to 
±30  V.  The  guaranteed  switching  thresholds  are  0.8  V  mini- 
mum and  2.4  V  maximum  which  are  well  within  the  ±3  V 
RS-232  requirement.  The  low  level  threshold  is  deliberately 
positive  as  it  ensures  that  an  uncomsected  k^HltllM  be  inter- 
preted as  a  low  level. 


Vec» 

GNDO 


■0V<.=2VcC 


I  I 

1  [>  

Rgure  4.  Voltage  Doubler 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  ehangpniitthout  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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ANALOG 
DEVICES 


GSM  Baseband  I/O  Port 


FEATURES  *:i<!? ;  ;' 

Single  +5  V  Supply 

Single  Channel  8-Bit  A/D  ConvertSf 
2.16  MHz  Sampling  Rate 
Receive  Difference  Amplifier 
Programmable  Gain  Amplifier 

Two  10-Bit  D/A  Converters 
2  IMHz  Throughput  Rate 
Simultaneous  Update  Mode 
4th  Order  Antialias  Filters 

Single  Serial  Auxiliary  8^  D/A 

Fast  Interface  Port 

Power  Down  Mode(s) 

On-Chip  Voltage  Reference 

44^nPQFP, 

APPLICATIONS 
Digital  Cellular  Telephony 
Private  Mobile  Telephony 
Satellite  Baseband  DigitlzaHm  - 
Radar  Signal  Processing 
Signal  Generation  and  Acqi 


GENERAL  DESCRIPTION 

The  AD7001  is  a  complete  low  power,  LC^MOS,  mput/ojj^t 
port  with  single  +S  V  power  supply.  The  part  is  designed  to 
perform  the  conversion  of  I  and  Q  signals  in  the  transmit  and 
receive  data  paths  of  Pan-European  Digital  Cellular  Telephone 
(GSM)  systems.  However,  tlie  device  can  be  used  in  any  appli- 
cation requiring  fast  and  aocinate  gignal  conversion  in  the  sub- 
600kHzban4. 

Besides  providjog  two  high  accuracy  10-bit  digitakto-anulog 
converters  inr     ttansmit  path  and  a  single  fiist  anilog-lo-digital 
converter  in  die  leo^  path,  the  part  also  pnmles  antifiliasing 
filters  and'^gaI%Aiti(»iing  fimctians.  The  f^eaoce  MXDpH- 
fier  is  ^bSiAteTpnd  Q  mizing  fiincl&fi. 

lit  DAC  is  included  for  such  functions  as 
carrier  signal  shaping  in  the  IF/RF  portion  of 

le  system. 

All  logic  necessary  for  control  of  this  device  is  contained  on 
board.  A  fast  data  bus  allows  easy  imtiSliee  cominonly 

available  microprocessors. 

As  it  is  a  necessity  for  all  GSM  mobile  systems  to  use  the  lowest 
possible  powers  the  device  has  power  down  options  for  both  the 
transmit  path  and  the  receive  path  which  are  independent  of 
other.  The  AD7001  is  housed  in  a  space  efSdent  44-pin 
"  (PlastieQuadFIat^.^  ^^^.^ 


FUNCnONAE  ra^OCK  DIAGRAM 


VDDT>    VDDRx  TEST 


Til  DATA  U— 
DX>-DXO 


AD7001 


flue 
LOVVPASSnLTER 


QlT« 


4TH  ORDER  BESSEL 
LOWPASSFUrBI 


Qoni 


ODAC  y  I  ^ 

RUMTaUT'   MiTAnc 


O  RssmuL 


2-BIT 
SREG 


dcut        aOATA    POWBHJPTH  POWERWRx 


Utis  infbrm«iDn»|ipHHnd  afirodti(!t  ofidar  <i««eiepMent.  mn^hammenmcima  )>(tetSReei6e>t«  ai«  siil|ie|!t««iMtiKI(^anWHb(lce. 
Analog  Devices assumesirn'obtigaSonir^rdilivg^ttufe  manufwaur^ 


(Vm  Tx  =  Voo  Rx  =  +5  V  ±  10%;  Test  =  AGNDTx  =  AGNDRx  =  DGNDTx  = 

AD7001-SPECIFICATI0NS':r*^';»;.:r"'-'^"'"-"""""-" 


Parameter 


Test  Coadilfoiw/Coniiiieiits 


PGA  =  1 
PGA  =  2 

PGA~=  4;  All  SasedanVK 


ADC  SPECIFICATIONS 
Resolution 
Signal  Input  Range 


Sampling  Rate 
DC  Accuracy 

Integral  Nonlinearity 

Differential  Nonlinearity 

Offset  Error 

•  @  +25°C 
Tmin  to  Tmax 
Tmin  to  T^jAx 
Full-Scale  Error 

@  +25°C 

Tmin  to  Tj^AX 

TmIN  to  TfAAli 

Input  Resistance  (DC) 
Input  Capacitance 
Dynamic  Specifications 

Signal-to-Noise  Ratio 

Pnk  Spurious  Noise 

Tbtalllannonii: 

Sain  Accnnc:^ ' 
Coding 

Pbwer  Down  Oytiuu 


DIFFERENCE  AMPfimBf 
Differential  Gain 
Gain  Accuracy 

Input  Common-Mode  Rejection  Ratio 
Distortion 
Input  Impedance 
RxAtoREFOTJT 

RxB  to  REF  OUT 

RxA  to  RxB 
Output  0£E>et 

@  +25°C 

Tmin  to  Tjuix 
Power-Down  Option 


OfnA  n(a&  •fcter..---:.-"  vfi 


PGA  =  1 
PGA  =  1 
PGA  =  2  or  4 
Positive  and  Negative 
PGA=1 
PGA  =  I 
PGA  =  2or4 


.";  :'HnA  .iiii  .  lis.' 


Vm  =400  kHz  Full-Scale  Sine  Wave, 
=2.16  MHz,  PGA  =  1..  ^■ 

iWER-OJP  Rx=r  8  Vi-  '    =■  -  ' 


ViN  =  474  kHz  ±  80  kHz;  Biased  on  Vg^F 

RxA  =  RxB  =  0.4  V  pk-i>k  @  500  kHz 
Voirr  =  1 V  idt-nfc  @  500       J^ued  on  V^bf 

40  kO  Typical 

6.5  kn  Typical    -  y="  ^*" 
 -Joia 

At  RxC  Wlien  Inputs  Are  WB0Sm 
POWER-UP  Rx  =  0  V 


SIGNAL  DAC  SPECIFICATIONS 
Resolution  ,> 
Number  of  Channels 
Update  Rate 
DC  Accuracy 

Integral  Nonlinearity 

Differential  Nonlinearity 

Output  Signal  Range 

Offset  Error 
Dynamic  Specifications 

Gain 

Gain  Matching  Between  Channels 
Differential  Group  Delay 

Phase  Matdiiiig  Between  Chaimelii'. 


Biased  on  VrepJ  10kn/20i)FLoad 
10  0000  0000  Loaded  to  DAd^" 


Measiue  at  66.65  kHz 
Generating  66.65  kHz  Sine  Waves 
Measured  Relative  to  the  Absolute  Group  Delay 
at  10  kHz  in  the  Frequency  Band  10  kHz-200  kHz 
Measured  at  66.65  kHz 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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f arameKr 

GMSK  Spectnun  Aiiask 
100  kHz 
200  kHz 
250  kHz 
400  kHz 

600  kHz-1000  kHz  . 
>lMHz  .j':^- 
GMSK  Phase  Trajectory  Err(»Ci,H,;ii:' « 

LP  Filter  Response 
300  kHz 

1  MHz 

2  MHz 

SNR  +  THD  (0  MHz-1.08  MHz) 

@  +25°C 

Tmin  to  Tj4^ 
Peak  Spurious  Noise  (0  MHz-6.S  MHz) 
Coding 

Power-Down  Option 

-1-0.5 

-30 

-33 

-60 

-70 

TBD 

TBD 

TBD 

-3 

-20 

-44 

54 
52 
-70 
Binary 

Yes 

dB  min 
dB  min 
dB  min 
dB  min 
dB  min 
dB  min 
°  rms  typ 
"Peaktyp 

dB  typ 
dB  typ 
dB  typ 

dB  min 
dB  min 

...    .  ai-W'!-. 

■  ->n>:  .-■ 

Producing  66.65  kHz  Sine  Wave  with  2.17  MHz 
^POWER-UP  Tx  =  0  V 

AUXILIARY  DAC  SPECIFICATIONS 
Resolution 
DC  Accuracy 

Integral  Nonlinearity^ 

Differential  Nonlinearity^  ^ 

Offset  Error  ^Si^ 

Gain  Error 
Output  Signal  Range  % 
Output  Impedance  w 

-\ 

Coding 

Power-Down  Option 

±1 

1.5  ±  1 

±2 

0  to  Vref 

850 

Binary 
Yes 

LSB  max 
LSB  max 
LSB  max 
LSB  max 
Volts 
kO  max 
n  typ 
O  typ 

Guaranteed  Monotonic 

IsiNK  =  250  M-A 

^SOURCE  —  250  |j,A  ^ 
IsiNK  =  250  M-A 

POWER-UP  Tx  =  0  V 

REFERENCE  SPECIFICATIONS 
Vrbf)  Reference  Output 
Reference  Variation^ 

2.4/2.6 
5 

V  min/V  max 
mV  max 

Rl  =  10  klJ,  Cl  =  10  nF 

LOGIC  INPUTS 
ViNH)  Input  High  Voltage 
ViNL,  Input  Low  Voltage 
InsTHj  Input  Current 
Ci^,  Input  Capacitance 

Vraj-0.9 
0.9 
10 
10 

Vmin  , 
V  max 
t)A  max 
pFimx 

 P  

LOGIC  OUTPUTS 
VoH9  Output  High  Voltage 
Vol,  Output  Ixiw  Volta^ 

4.0 
0.4 

V  min 

V  max 

lloirrl  -  4#!|m   ^  ^  '^ 
IIoutI  -  14  *A 

POWER  SUPPLIES 

Idd 
All  Sections 

ADC  and  Bandpass  Filter  Active'* 
S^nal  DACs  and  AUX  DAC  Active 
AS  Sections  Powered  Dcnm*' ' 

4.5/5.5 

55 
35 
20 
2 

V  min/V  max 

mA  max 
mA  max 
mA  max 

mA  wtes. 

POWER-UP  Tx  =  0  V 
POWER-UP  Rx  =  0  V 
POWER-UP  Tx  =  POWER-OT  Rx  =  0  V 

NOTES 

'Opersdng  temperature  ranges  as  follows:  A  Version;  -25°C  to  +85°C. 

^AUX  DAC  DC  linearity  is  measured  between  codes  3  and  255,  see  terminology. 

'Variation  of  the  Reference  between  different  POWER-UP  Tx  and  POWER-UP  Rx  modes. 

^Measured  while  the  digital  inputs  to  the  transmit  interface  are  static. 

'Measured  while  the  digital  inputs  to  the  receive  interface  are  static. 

Specifications  subject  to  change  witbsut  notice. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  othenwise  agreed  to  in  writing. 
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ABSOLUTE  MAXIMUM  RATINGS*   

(Tjt  =  +25°C  antes  odiaWii»flWM)  •  ■'   ■  -i  -  =li::  J 

Vdd  Tx,  Vdd  Ri  to  ASSfD . .  .  ....  .  .  -0.3  V  w  +6  V 

AGND  to  DGND  -0.3  V  to  +0.3  V, 

Digital  I/O  Voltage  to  DGNP  .  .  .  * .  .  -0.3  V  to  Vdd  +  0.3  V 
Analog  I/O  Voltage  to  AGNI^  ...  , .  .  -0.3  V  to  Vdd  +  0.3  V  ^ 
Operating  Temperature  Ruitje 

Industrial  (A  Version)  -25°C  to  +85°C 

Lead  Temperature  (Soldering,  10  sees)  +300°C 

Storage  Temperature  Range   -65°C  to  +150°C 

Power  Dissipation  (Any  Package)  to  +75°C    450  mW 

Derates  Above  +75°C  by  10  mWAC 


•Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only,  and  functional 
opaaiiDn  of  the  device  at  these,  or  any  other  conditions  above  those  listed  in  the 
c^eracional  sections  of  diis  specification  is  not  impUe4.  Biposure  to  absolute 
maximum  rating  conditions  for  mended  petiods  nmy  affict  (ievice  reliability. 


PIN  CONFIGURATION 


&sisssass|g 

HRHRRHHRRHR 


ox*  1 

DM  2 
QDAC  3 
IDAC  4 
Tx  STROBE  5 
AUXDATA  6 
AUXCLOCK  7 
AUX  LATCH  8 
DR7  9 
DRSIO 
DRS11 


A07001 
TOP  VIEW 
(NottoScato) 


HHBHHHHHHBF' 

rt?  ?!,;  5  2  t  s  2  g  5  a 
■ °  °  s  s  gg  g 


3*IS3  OTx 

»  AQMOTi 

31  TEST 
30  ITx 

29  Aux  oirr 

I    lag  REF  OUT 
27  RxA 
26  RxB 
25  RxC 


ZOas.AONoMi 


jaKiJoncfi*  1. 


CAUTION  

ESD  (electrostatic  discharge)  soisitive 
however,  permanent  damage  may 
static  fields.  Unused  devices  must  be  stoi 
should  be  disdiaiged  to  the  destination  socket 


*2.1V 


^'  •■"•1 


Figure  1.  Load  Circuit  for  Access  Time  Test 


■31.  W.  ■ 


-■A'l*   vv-  'i'.'  '.1  r," 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  noti(». 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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TERMINOLOGY 
Signal  Input  Range 

The  input  signal  range  for  Rx  SIGNAL  S  faaei  'about  Vitsp.  It 
^  go  ±Vref/2,  ±Vref/4  or  ±V,^^^n(«l|s»(d^eiidiiig,.!ap^  ; 
PGA  setting)  about  this  point. 

IntegiBl  Nonlinearity 

This  is  the  iwayitniiwi  deviation  from  a  strai^it  line  pa^^jog, . 
thnnigh  the  endpoiats  of  the  DAC  or  ADC  sassfer  fiuKxion, 

Diifeiential  Nonfineaiity 

Differential  nonlinearitjr.is  the  difference  between  the  measured 
change  gn^oait/ideal  ILSBixliangeibetilreeU  any  tvro  ac^aceot 
codes. 

Auxiliary  DAC  Linearity 

The  AUX  DAC  output  amplifier  can  have  an  internal  negative 
offset,  even  though  the  part  operates  from  a  single  (5  V)  supplj'. 
However,  because  the  negative  rail  is  0  V,  the  output  caimot 
actually  go  below  groimd,  resulting  in  the  transfer  fimction 
shown  below.  This  "Knee"  is  an  offset  effect,  not  a  linearity 
error,  and  the  transfer  Ainclion  would  have  followed  the  dotted 
line  if  the  output  voltage  could  have  gone  negative. 


AUX  DAC 

voLtage 


Effect  of  Negative  Offset 

Normally,  hnearity  is  measured  between  zero  (all  Os)  and  full 
scale  (all  Is)  after  offset  and  full  scale  have  been  adjusted  out, 
but  this  is  not  possible  with  the  AD7001  AUX  DAC  if  the  offset 
is  negative.  Instead,  linearity  of  the  AUX  DAC  is  measured 
between  full  scale  and  the  lowest  code  which  is  guaranteed  to 
produce  a  positive  output  voltage.  This  code  is  calculated  from 
the  mairimiim  specification  for  negative  offset.  For  the  AD7001 
AUX  DAC  the  linearity  is  measured  between  codes  3  and  255. 

Bias  Offset  Error 

This  is  the  offset  error  (in  LSBs)  in  the  DAC  or  ADC  and  is 
measured  with  respect  to  Vkbf- 
Signal-to-Noise  Ratio 

Signal-to-noise  ratio  (SNR)  is  the  measured  signal  to  noise  at  the 
output  of  the  receive  channel.  The  signal  is  the  nns  ampUtude 
of  the  fundamental.  Noise  is  the  rms  sum  of  all  nonfimdamental 
signals  up  to  half  the  samphng  fiequency  (fs)2),  exduding  dc. 


SNR  is  dependent  upon  the  nimiber  of  quantization  levels  in  the: 
digitization  process;  the  more  levels,  the  smaller  the  quantiza- 
tion noise.  The  Jdheoretical  SNR  for  a  sine  wave  is  given  by: 

SNR  =  {6.02  N+ 1.76^,  -  , 

DiSeieiitial  Group  Delay  0^ : 

Absolute  group  ddxgfO-  the  rate  of  diange<eC'phase  versus  fre- 
quency, d<ti/df.  For  tlle^ADtOOl,  diffeiential^up  delay  is  the 
absohde  group  delay  in  a  specified  bantfl^Mve  to  the  absohue 
group  delay  at  10  kHz.  The  specffied  bnit>filr  the  AD7001  is 
10  kHz-200  kHz.  ,,m 

Group  Delay  Between  Channels 

This  is  the  difference  between  the  group  delay  of  the  I  and  Q 
channels  and  is  a  measiu'e  of  the  phase  matching  characteristics 
of  the  two. 

Output  Signal  Span 

This  is  the  output  signal  range  for  the  transmit  channel  section 
and  the  auxiliary  DAC  section.  For  the  transmit  chaimel  the 
spw  is  ±1.25  volts  centered  on  Wrbf  tbe  auxiliary  DAC 

ISeclbn  it  is  0  to  +Vkep. 

Output  Signid  Full-Scs^  Accuracy 

Wthe  full  scale  output  (all  iyQ|^$(vtD,the 
it  channel  and  is  upsmeiMi&». 

&IOT 

|ount  of  offset  in  the  transmit  DACs  and  the  auzil- 
eqnessed  in  mVs  for  Ae  tqum&  tgi&m  and 
lelitudliary  secficmr  ~  ' 

Error 

is  a  measure,  ^pressed  in  LSBs,  of  the  output  error 
"  i^<,'j9l^  between  an  ideal  DAC  and  the  actual  device  output  wnb  all  Is 
loaded  after  offset  error  has  been  adjusted  out.  In  the  AD7001, 
gain  error  is  specified  for  the  auxiliary  section. 

Output  Impedance  ij  ^, 

This  is  a  measure,  expressed  in  MMNMlltMlMwM'i)^  i 

the  auxiliary  DAC  output. 

GMSK  Spectrum  Mask 

This  is  the  output  spectnmi  of  the  I  and  Q  transmit  chaimels 
when  transmitting  a  random  sequence  of  data  bits  using  GMSK 
modulation,  as  specified  in  the  GSM  standard,  using  a  bit  trun^  . 
cation  of  ±  4-bit  periods. 

GMSK  Phase  Trajectory  Error 

This  is  a  measure  of  the  phase  error  between  the  transmitted  ' 
phase  of  an  ideal  GMSK  modulator  and  the  actual  phase  trans- 
mitted by  the  AD7001,  when  transmitting  a  random  sequence  of 
data  bits.  It  is  specified  as  apeak  phase  oror  and  also'as  wma 
error. 


libis  information  applies  to  a  produei  under  devalppmetTt  it£  cltaraeEBristics:and  specifications  are  subject  to  changs'Wjthoitt  notice'. 
Analog  Devices  assumes' not ol^igation  regarding1iitlMe,^nanufB0turSiUritess  otherwise  agreed  to  in  writing. 
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L^mit'at 

Uaut  at  -  ■■  ■    ■■' J-  • ' ' 

Pmameter 

Ta  =  +25°C 

=  -25  C  to  +m°C 

- 

Uiiits ' 

100 

100 

(iS  min 

POWER-UP  Rx  to  Rx  STROBE  Setup  Time 
Rx  STROBE  to  New  Rx  DATA       "  ''J-  ; 

380 

380 

ns  min 

440 

440 

ns  max 

460 

460 

ns  min 

Rx  STROBE  Period  • 

U 

200 

200 

ns  min 

Rx  STROBE  High  Period 

ts 

200 

200 

ns  min 

Rx  STROBE  Low  Period 

16% 

3680 

ns  max 

ADC  Settling  Taafeifttoe  infttiteiig  fcam- 
Vref  to  Rx  SIGNAL 

h 

0 

0 

ns  min 

POWER-UP  Rx  Going  Low  to  Rx  DATA 

40 

40 

ns  max 

3-State 

NOTES 

'All  input  signals  are  specified  with  tr=  tf=  5  ns  (10%  to  90%  of  5  V)  and  timed  from  a  voltage  level  of  1.6  V. 
^See  Figure  1. 

\  is  measured  with  the  load  circuit  of  Figure  1  and  is  defined  as  the  time  required  for  an  output  to  cross  0.8  V  or#.4  V. 

%  is  derived  from  the  measured  time  taken  by  the  data  outputs  to  change  0.5  V  when  loaded  with  the  ci^^^^®ure  1.  The  measured  number  is  then 
extrapolated  back  to  remove  the  effects  of  charging  or  discharging  the  50  pF  capacitor.  This  means  iha^l^^m^^  quoted  in  the  timing  characteristics  is  the 
true  bus  relinquish  time  of  the  part  and  as  such  is  independent  of  external  bus  loading  capacitances;  ^  ' 


ADC  DATA  HIGH 
DR0-DR7  IMPEDANCE 


.■'Hh  ai 


t       '  -  i'.:--  lisensw  3d)  s'h. 


»  1 

f  MpH 

mm 


Figure  2.  ADC  timing  Diagram 


(Vdd  Tx  =  Vgg  Rx  =  +5  V  ±  10%;  Test  =  AGND  Tx  =  AGND  Rx  =  DGND  Tx  =  DGND  Rx  =  0  V; 


Parameter 

Limit  at 
Ta  =  -H25°C 

Limit  at 

Ta  =  -25°C  to  +85''C 

Units 

Description 

150 

150 

ns  min 

GCLK  Period 

75 

75 

vj. 

ns  min 

GCLK  Low  Period 

h 

75 

75  c. 

ns  min 

GCLK  High  Period 

40 

40 

ns  min 

GDATA  to  GCLK  Setup  Time 

tio  ,^ 

..50 

50 

ns  min 

GDATA  to  GCLK  Hold  Time 

NOTES 

'AH  input  ^gnal  rise  and  fall  times  measured  from  10%  to  90%  of  +5  V;  t»  =  if  = 
^WngmeswUent  reference  level  is  (Vqi  +  ViiJ/2. 


QCLK 


10  nsi 


PGA  UPDATED 
AFTER  8  GCLKS 


Figure  3.  PGA  Timing  diagram 

Ais  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  Without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufecture^unlsra  otherwise  agreed  to>in  writing. 
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»inu«i  nan  Titiiun  Tx  =  V,,,,  Rx  =  +5  V  ±  10%;  Test  =  AGND  Tx  =  AGND  Rx  =  DGND  Tx  =  DGND  Rx  =  OVj  unless 
SIGNAL  DAC  TIMING  othemlse  stated) 


Parameter 

Limit  at 
Ta  =  +25«C 

Limit  at 

Ta  =  -25'C  to  +85«C 

Units 

Description 

Ui 

inn 
iUU 

^iiS  mill 

  -    -..p..;   ,     -■      .   >^ 

"QCWUW  YTP  Tw      TV  CT^f\R17  C«titn  'Tim* 
MrXJY/MMSrKJr  AX  lO  I  Ji  O  l-KkJDd  oCOlp  iluie. 

tl2 

100 

100 

OS  nun 

IDAC,  QDAC  Pulse  ^idth 

tl3 

40 

40              '  -  ; 

ns  mni 

■ft  DATA  Setup  Time          '  . 

tl4 

10 

10 

Ik  ©ATA  Hold  Time'       '  •         '  t  " 

tl5 

50 

50 

ns  min 

IDACW'ft  STROBBSeftpTime  ^ 

tl6 

■SOj;  , 

.    50-    i  - 

ns  min 

QDAC  to  Tx  STROBE  Sti^  Time  -  mv-  ' 

tl7 

.  100     ..   - 

-MO.  '--J 

ns  iipain 

Tx  SIIROBE  Pia?e  Witlth    .           ojs"  i 

tl8 

-■fl»W»  '        ^'  ■ 

-'^"  400      M> ,  i  XI : 

NOTES 

>AU  iiqiaragnl  1 
timing  messuia 

itt  and&Eliaes  measnie 
sent  reference  level  is  (Vo 

dfrom  10%ta9«9hift«SV;n  =  tf  = 

=  20n8. 

FigSifek.  Signal 


Timing  Diagram 


AiivniAnv  njin  riuiun  (Vo„  Tx  =  V„„  Rx  =  +5  V  ±  1B%;  T«t  4      ft  V«||p  j^^^^^^^ 
AUXILIARY  UAU  TIMING  unless  otherwise  stated)  ,  ^  j  ti  tai,TV' 


Parameter 

Limit  at 
Ta  =  +25'C 

Limit  at 

Ta  =  -25'C  to  +85'C 

Units 

 ^ — '  ^'gB->»iia.n   ii-'i' :  '-X.: 

Description 

tl9 

75 

75 

ns  min 

AUX  CLOCK  Low  Duration 

t20 

75 

75 

ns  min 

AUX  CLOCK  High  Duration 

tjl 

40 

40 

ns  min 

AUX  DATA  to  AUX  CLOCK  Setup  Time 

h2 

50       "  ""'••^ 

50         '  ■ 

ns  min 

AUX  DATA  to  AUX  CLOCK  Hold  Time 

t23 

50 

50 

ns  min 

AUX  LATCH  to  AUX  CLOCK  Setup  Time 

t24 

40 

40 

ns  min 

AUX  LATCH  to  AUX  CLOCK  HeM^ime 

t2S 

8  (t,  +  tj) 

8  (t,  + 

ns  min 

AUX  LATCH  Duration 

NOTES 

iacmd-Ul  tmmmeinmd  ftom  18%^9e%-of +S  Vstr— tf = 

28  OS. 

►J  t21_j->»- 


figure  S.  Auxiliary  DAC  Timing  Diagram 


This  infonnation  applies  to  a  product  under  development.  Its  charaetbrisfics  and  specifications  are  subject  to  change  without  niotioe. 
Analog  Devices  assumes  no  obligation  regarding  future  manufactum  unless  otherwise  agreed  to  in  writing. 
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TOANSMTT  SECTION   

The  tonsmit  secncm'  of  the  AD7001  perfomts  t3ie  kasebw£i?ceD-irsj  :^  ill 
verskm  of  I  and  Q  (In-phase  and  Quadrature)  waveforms  for  the 
GSM  Fan-European  Digital  Cellular  Communications  system. 
The  transmit  channd  consists  of  two  10-bit  DACs,  followed  by  ' 
4th  order  Bessel  reconstruction  filters.  Also  included  in  the  , 
transmit  channel  is  a  single  8-bit  auxiliary  DAC. 

Transmit  DACs 

The  10-bit  DACs  can  be  used  to  perform  the  conversion  of  I 
and  Q  waveforms  when  implopeuing  GikiSK  modolationm . 
accordance  with  the  GSM  5.04  standard. 

Reconstruction  Filters 

The  reconstruction  filters  smooth  the  DAC  output  signals,  pro- 
viding continuous  time  I  and  Q  waveforms  at  the  output  pins. 
These  are  4th  order  Bessel  low-pass  filters  with  a  cutoff  fie- 
quency  of  approximately  300  kHz.  Figure  6  shows  a  typical  - 
transmit  filter  frequency  response,  while  Figure  7  shows  a  typi- 
cal plot  of  group  delay  versus  frequency.  The  filters  are 
designed  to  have  a  linear  phase  response  in  the  passband  and 
due  to  die  reconstruction  filters  being  on-chip,  the  phase  mis- 
match between  the  I  and  Q  transmit  channels  is  kept  to  a  mini- 
mum. 

Transmit  DACs  Digital  Interface 

The  10-bit  DACs  are  double  buffered,  allowing  the  DACs  to  be 
simultaneously  updated  via  a  single  10-bit  data  bus  (DX0-DX9). 
Figure  4  illustrates  the  Timing  interface  for  the  I  and  Q  DACs. 
The  I  and  Q  latches  are  loaded  on  the  rising  edms  #  ID^  and 
QDAC,  respectively,  with  data  on  the  ^tM>yfcMl^di  — ^  < 
latches  have  been  updated,  Tx  STROBSiFthlk  uSed  t^^jraPKF 
the  contents  of  both  I  and  Q  Latches  to  the  10-Bit  DACs.  ! 

The  transmit  DACs  are  put  into  sleep  mode  (drawii^  minimum  ^ 
current)  by  bringing  POWER-UP  Tx  low.  During  sleep  mode 
the  I  Tx  and  Q  Tx  outputs  go  into  high  impedance.  On 
POWER-UP  Tx  going  high,  the  I  and  Q  DACs  are  reset  to 
Vref>  which  prevents  any  imbalance  between  the  I  and  Q  cbim- 
nels  when  the  I  Tx  and  Q  Tx  outputs  are  ac  coupled  to  the 
IF/RF  modulator.  Allow  time  for  the  transmit  section  to  fiilly 
power-up  before  updating  the  I  and  Q  latches.  Figure  8  shows  a 
typical  GSM  transmission  burst. 
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'RflW*  6.  Transmit  Filter  Frequency  Response 
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Figure  7.  Transmjt  Filter.GroUp  Delay 


__  _  Figure  8.  Typical  GSM  Transmission  Burst 


SliS  information  applies  to  a  product  under  development.  Its  chaia^yisliWianA  specifications  are  subject  to  change  without  notioe. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacttm'unleaBiettterwise  agreed  to  in  writing.  . 
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OMSK  SPECTRUM  TEST,  DC  TO  6.4MHz, 
FREQUENCY  RESOLUTION:  30.1514kHz 
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Figure  9.  GMSK  Spectrum  Mask  Generated  Using  the  I 
Transmit  Channel 
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Figure  10.  GMSK  Spectrum  Mask  Generated  Using  the  0 
Transmit  Channel 
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Figure  11.  Frequency  Plot  of  the  I  Channel  Generating  a 
Sine  Wave  at  66.65  kHz  .  <      <  '  1 
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Figure  12.  Frequency  Plot  of  the  Q  Channel  Generating  a 
Sine  Wave  at  66.65  kHz  < 


OMSK  I  AND  Q  COMPOSITE  MAGNITUDE  (VOLTS). 
180  Tx  BITS  =  HEADER  OF  16  ONES, 
148  RANDOM  BITS,  AND  16  ONES  (TAIL  BITS). 
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Figure  13.  Typical  Plot  of  the  GMSK  I  and  Q  Waveforms 
Generated  Using  the  I  anrfJLSaSSWitvSISflPi^. --i^-  o. 
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I  AND  Q  WAVEFORMS  GENERATED  FROM  180 
DATA  BITS  MADE  UP  OF  A  HEADER  OF  16  ONES, 

148  RANDOM  BITS  (DATA)  AND  16  ONES  (TAIL 
BITS).  PHASE  ERROR  TRAJECTORY  (DEGREES) 
PEAK  =  1.642  DEC,  RMS  -  0.63  DEG. 


1.  I 

"T.IILlIiriHIIl 

l.l'llliii'lVitiiWii 

1 

III 

Figure  14.  Typical  Plot  of  the  GMSK  Phase  Error  Trajeo- 
jo^j^f/maimi^l^iiog  the  AO7001 1  and  0  Transmit 
Clianneis 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  Without  notiM. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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An  8-bit  auxiliary  serial  DAC  is  also  provided  for  such  funcuons 
as  Automatic  Gain  Control  or  for  ramping  up/down  the  transmit 
power  amplifiers  during  the  beginning/end  of  a  transmit  burst. 
Interfacing  to  the  auxiliaiy  section  is  accompBsfteid  (i'9^%d 
interface. 

The  AD7001  auxiliary  DAC  is  a  voltage  mode  DAC,  consisting 
of  R-2R  ladder  network,  constructed  from  highly  stable  thin- 
films  resisters  and  high  speed  single  pole,  double  throw 

switches. 

The  output  of  the  voltage  mode  auxiliary  DAC  is  buffered  by  a 
noninverting  CMOS  amplifier  with  a  gain  of  two.  This  scales 
the  output  of  the  R-2R  network  from  a  voltage  range  of  0  — 
Vref/2  to  a  voltage  range  of  0-Vrep.  Due  to  the  single  supply 
operation  of  the  buffer  it  has  limited  sink  capability  near 
ground.  "~ 

AUX  DAC  Digital  Interface 

The  serial  interface  timing  is  illustrated  in  Figure  5.  The  serial 
interface  is  controlled  using  AUX  CLOCK,  AUX  LATCH  and 
AUX  DATA.  AUX  LATCH  must  go  low  prior  to  the  clocking 
of  new  serial  data,  this  prevents  the  AUX  DAC  output  from 
being  corrupted  while  new  serial  data  is  being  loaded.  The  AUX 
CLOCK  must  be  a  gated  clock;  i.e.,  it  must  only  be  active 
when  loading  the  auxiliary  DAC.  AUX  DATA  is  latched  on  the 
rising  edge  of  AUX  CLOCK.  When  eight  data  bits  have  loaded, 
where  DBO  is  the  LSB  and  DB7  is  the  MSB,  AUX  LATCH  is 
brought  high  to  update  the  AUX  DAC  output. 

The  auxiliary  DAC  is  also  put  into  sleep  mode  by  bringing 
POWER-UP  Tx  low.  During  sleep  mode  the  AUX  DAC  output 
is  put  into  high  impedance.  The  auxihary  DAC  does  not  lose  its 
contents  while  in  sleep  mode  and  will  power-up  to  its  previous 
value  and  settle  within  100  (iS.  The  auxiliary  DAC  can  also  be 
loaded  with  new  data  while  in  sleep  mode  thereby  allowing  the 
AUX  DAC  output  to  power-up  to  a  different  value.  However, 
while  exercising  the  serial  interface  during  sleep  mode,  the  sleep 
cuirent  will  increase. 

RECEIVE  SECTION 

The  receive  channel  consists  of  a  low  power,  two  stage  flash 
8-bit  analog  to  digital  converter  (ADC)  combined  with  an 
on-chip  sample  and  hold  amplifier  (SHA)  and  a  PGA.  The  PGA 
provides  progtaiiiiiwhle  gaiiij^ settings,  of  1.,  2  oi  4.  Also  induded 
in  the  leedse  patli  is  a  dififerential  anqilifier. 


Differential  AmpMer^  ^  

The  differential  amplifier  provides  a  means  for  amplifying  the 
IF  receive  signal  before  being  digitized.  The  differential  inputs 
can  configured  either  for  single-ended  or  for  differential-ended 
operation.  The  RxC  output  can  be  directly  connected  to  the  Rx 
SIGNAL  pin.  For  optimum  performance  the  inputs  (RxA  and 
RxB)  should  be  ac  coupled,  as  this  ensures  proper  internal  bias- 
ing around  Vnsp.  The  output  (Rarfp  of      differential  amplifier 


IS  gnren-as: 


RxC=  10  {RxB-RxA]  +  Vref 


POWER-UP  Rx  is  used  to  put  the  differential  amplifier  into 
sleep  mode.  Figure  15  illustrates  the  operation  of  the  differential 
amplifier  under  the  control  of  POWER-UP  Rx  and  Rx 
STROBE.  While  the  receive  section  is  in  sleep  mode  (POWER- 
UP  Rx  low),  the  differential  inputs  (RxA  and  RxB)  are  open 
circuit.  On  POWER-UP  Rx  going  high,  the  differential  inputs 
are  then  connected  to  Vrep  through  a  nominal  impedance  of 
300  CI.  The  inputs  are  connected  for  normal  operation  after  two 
Rx  STROBE  cycles,  i.e.,  on  the  third  rising  edge  of  Rx 
STROBE.  The  output  (RxC)  also  sits  at  Vref  while  the  inputs 
are  connected  to  Vt^^p,  wWch  allows  the  ADC  to  measure  the 
vali^  of  the  reference  with  no  AC  signal  beiag  apjdied  f9.the  Rx 
,  ^NAL  pin. 

PGA 

The  PGA  allows  Rx  SIGNAL  to  be  amplitude  by  a  factor  1,  2 
or  4  dqiending  on  the  value  loaded  into  the  2-bit  PGA  register. 
When  power  is  applied  to  the  part,  the  2-bit  PGA  register  will 
be  uninitialized  and,  therefore,  og^U^jtnUl^sAlK^ie^bed 
in  the  fglkmrin£^ction. 


Table  I.  PGA  Truth  Table 


MSB 

:  1...0 
0 

1 


LSB 


PGA  Gain 


..  ...i  .-It 

  *Cl.».lu 

1  «R»W«.I 


2  >!:i(\Bup«'.'l  .t  • 
4  >'nA  asjae  is  av;  N 


POWER-UP  Rx 


jmrmrLrLrLTLilrLR 


OfCsQPENaRCUIT 


o/c  X 

VREF 

— r 

NORMAL  OPERATION 

X  o/c 

1 

o/c  X 

VHEF 

10  (RxB-RxA)  +  VREF  " 

X  d« 

"-.St} 


This  ififormation  applies  to  a  product  under  development.  Its  charact^rf^g^iind  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufactui;ei<^9l$H%^Brvyise  agreed  to  In  writing. 
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PGA  Digital  Interface 

The  receive  channel  PGA  is  programmed  via  a  two  pin  serial 
interface  (GCLK  and  GDATA).  Figure  3  illustrates  the  serial 
interface  timing  diagram  for  the  PGA.  GDATA  is  latched  on  the 
falling  edge  of  GCLK.  GCLK  must  be  a  gated  clock,  active  only 
when  updating  the  PGA.  Eight  clock  cycles  are  required  to 
update  the  PGA  setting,  where  the  first  six  cycles  are  dummy 
cycles  and  only  the  last  two  clock  cycles  load  new  data  into  the 
2-bit  PGA  register.  These  last  two  data  bits  are  loaded  MSB 
first.  On  the  last  falling  edge  of  GCLK  the  PGA  is  set  to  a  gain 
of  1 ,  2  or  4,  depending  on  the  2-bit  value  contain  in  the  PGA 
register.  Table  I  illustrates  the  truth  table  for  the  PGA  setting. 

On  initial  power  being  applied  to  the  part,  the  PGA  serial  logic 
will  be  in  an  undetermined  state;  however,  each  time  the  receive 
section  is  brought  out  of  sleep  mode  (POWER-UP  Rx  brought 
high)  the  serial  logic  is  reset.  In  order  to  correctly  initialize  the 
2-bit  PGA  register,  one  must  fu-st  reset  the  serial  logic  after 
power  has  initially  been  apphed  to  the  part.  The  PGA  can  be 
updated  at  any  time,  except  when  the  serial  logic  is  being  reset. 
Hence,  one  should  not  attempt  to  update  the  PGA  register 
immediately  before  or  after  POWER-UP  Rx  goes  high.  A  guard 
band  of  150  ns  before  and  300  ns  after  POWER'UP  Rx  going 
high  is  sufficient  for  correct  operation. 

SHA  and  ADC 

The  8-bit  flash  ADC,  combined  with  the  on-boSrS  Smple  and 
Hold  Amplifier  (SHA),  generates  8-bit  samples  up  to  a  data  rate 
of  2.17  MHz.  When  the  receive  section  is  brought  out  of  sleep 
mode  the  receive  path  is  initially  coSnecteci  to  Vr^p  to  enable 
the  ADC  to  measiu'e  on-chip  offsets.  Hence  the  first  two  ADC 
conversions,  following  POWER-UP  Rx  going  high,  are  a  mea- 
surement of  the  reference.  However,  the  AD700I  does  not  sub- 
tract the  offset  measiu'ement  from  subsequent  conversions  and, 
if  so  required,  should  be  carried  by  the  DSP/ASIC  following  the 
Kcdve  section.  As  these  two  conversions  may  not  yield  the  same 
of&et  value,  one  shotild  average  the  two  conversions  to  obtain 
an  overall  offset  value. 

ADC  Digital  Interface 

Figure  2  illustrates  the  receive  timing  interface.  Control  of  the 
receive  mterface  is  effected  through  the  use  of  the  POWER-UP 
Rx  and  Rx  STROBE  pins  with  the  receive  data  available  on  a 
parallel  interface  (DR0-DR7). 

On  POWER-UP  Rx  going  high,  time  (ti)  must  be  provided  to 
allow  the  receive  circuitry  to  become  fiilly  powered  up.  Rx 
STROBE  can  now  be  activated  to  initial  ADC  conversions.  As 
described  earUer,  the  first  two  conversions  are  of  the  reference, 
after  which  the  input  to  the  PGA  is  switched  from  the  reference 
to  the  Rx  SIGNAL  input  pin.  Although  the  ADC  will  continue 
to  convert,  time  (t^)  must  be  allowed  for  the  ADC  conversions 
to  settle  due  to  the  internal  switching  from  Vkef  to  the  Rx  SIG- 
NAL input.  Conversions  are  initiated  on  the  rising  edge  of  Rx 


11...111 
11...110 


•  FULL  SCALE 
V, 


INPUT  VOLTMC 

&  ADC  Transfer  Function 


STROBE  and  once  the  conversion  is  complete,  the  DR0-DR7 

pins  are  updated.  -  •  - 

VOLTAGE  REFERENCE 

The  AD7001  contains  an  on-chip  bandgap  reference  which  pro- 
vides a  low  noise,  temperature  compensated  reference  to  the  I/Q 
transmit  DACs  and  the  I/Q  receive  ADC.  The  reference  is  also 
made  availalSe  on  the  REP  OUT  pin  and  can  be  used  to  bias 
other  analog  circuitry  in  the  IF  section. 

When  both  the  transmit  section  and  the  receive  section  are  in 
sleep  mode  (POWER-UP  Tx  and  POWER-UP  Rx  low),  the  ref- 
erence output  buffer  is  also  powered  down  by  approximately  80%. 


0        25  SO 

TEMPERATURE  - 


Figure  17.  Typical  Plot  of  Reference  Variation  vs. 
Temperature 


Table  II.  Trudi  Table  for  loo  Control 


POWER-UP  Tx 

POWER-UP  Rx 

Operation 

Idd  max 

0 
0 

0 
1 

AH  Sections  Powered  Down 

Tx  Section  Powered  Down,  Rx  Section  Operational 
Tx  ScKtioD  OperaljonaL  Rx  Siection  Powered  Down 

Mmm^m^-^  ••  •  ■   

2  mA 
35  mA 
20  mA 

This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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Number 


Mnemonic 


POWER  SUPPLY 

34  :        Vdd  Tx 

22  Rx  = 
32                   AGNDTx  LJ, 

23  '  AGND  Rx 
42  DGND  Tx 
13  DGND  Rx 

ANALOG  SIGNAL  AND  REFERENCE 


Positive  Power  Supply  for  transmit  section. 

Positive  Power  Supply  for  receive  section.  Both  pins  must  be  tied  together. 
Analog  Ground  for  transmit  section. 

Analog  Ground  for  receive  section.  Both  AGND  pins  must  be  tied  together. 
Digital  Ground  for  transmit  section. 

Digital  Ground  for  receive  section.  Both  DGND  pins  must  be  tied  togethei. 


REFOUT 
Rx  SIGNAL 
ITx 

QTx 


AUXDAC 


lUA 


RxC 


TRANSMIT  INTERFACE  AND  CONTROL 


Reference  Output,  this  is  2.5  V  nominal. 
Analog  Input  for  receive  channel. 

Analog  Output  Voltage  from  the  I  transmit  channel.  This  output  comes  from  a  10-bit  DAC 
and  is  filtered  by  a  4th  order  Bessel  low-pass  filter. 

Analog  Output  Voltage  from  the  Q  Transmit  channel.  This  output  comes  from  a  10-bit 
DAC  and  is  filtered  by  a  4th  order  Bessel  low-pass  filter. 

Analog  Output  Voltage  from  the  8-bit  Auxiliary  DAC.  This  output  comes  from  a  buffer 
amplifier. 

Analog  Input  for  the  inverting  input  of  the  differential  amplifier. 
Analog  Input  for  the  noninverting  input  of  the  differential  amplifier. 
Analog  Output  Voltage  fr^  ^e^i(ifesigial  amplifer. 

Transmit  Strobe,  Digital  Input.  Tx  STROBE  transfers  the  contents  of  both  the  I  and  Q 
Latches,  Oaa  r^^edge,  to  dK  j  10-bit  DACs,  respectively.  This  is  used  to  update 

ith.lO>bi^^AC^  ""■■■fcf">uly1Ar%ie  I^and  Q  latches  have  been  log^d  via  a  single 
-bit  port. 

Latch  Update,  ]3igita|  llput.  I  DiM^  ufl^^pdate  the  I  latch  via  DX9-DX0.  This  is 
an  edge  tagged  JatcU,  DX9-lnBai^t<Jed  on  the  rising  edge  of  I  DAC. 
Q  Ditch ^dflBTDigit^fflfctlg^fcCis  used  to  update  the  Q  latch  via  DX9-DX0.  This 
is  an  edge  triggered  lat{^^^9VX0  are  latched  on  the  rising  edge  of  Q  DAC. 
Transmit  ptia  Bit  9  and        Bit  8,  digital  inputs.  DX9  is  the  most  significant  bit  (MSB). 
Transmit  bata  Bit  7  and  Data  Bit  6,  digital  inputs. 

Transmit  Data  Bits  S  to  0,  digital  inputs.  DXO  is  the  least  significant  bit  (LSB). 
Auziliaiy  Clock,  edge  triggered  digital  input.  Serial  data  bits  are  latched  on  the  rising  edge 
AUX  CLOCK  when  AUX  LATCH  is  low.  AUX  CLOCK  must  be  a  gated  clock,  which  is 
only  active  when  data  is  being  loaded  into  the  serial  register 

Auxiliary  Data,  digital  input.  This  data  input  is  used  in  conjunction  with  AUX  CLOCK 
and  AUX  LATCH  to  load  the  8-bit  Auxiliary  DAC  register. 

Level  triggered  Digital  Input.  AUX  LATCH  controls  the  transfer  of  data  between  the  AUX 
DAC  serial  register  and  the  AUX  DAC  latch.  When  high,  the  AUX  PAC  toteh  is;  , 
transparent.  Data  is  latched  when  AUX  LATCH .js  b^tqught  k^.  ,^  .  j. 

Power-Up  Transmit,  Digital  Input.  When  dl&  goea.lo!r^pe  ""'gjyifj^^E^lt?^  E*^  intn-.,. 
standby  mode,  drawing  minimum  current.  , , 

RECii^E  DMRFACE  ANDCOKtROL 

Receive  Strobe,  Digital  Input.  Rx  STROBE  initiates  an  ADC  conversion,  at  the  end  of 
which  DR7-DR0  are  updated. 

Receive  Data  Bits  7  to  4,  Digital  Outputs.  DR7  is  the  most  significant  bit  (MSB). 
Receive  Data  Bits  3  to  0,  Digital  Outputs.  DRO  is  the  least  significant  bit  (LSB). 
PGA  Qock,  Digital  Input.  GDATA  bits  are  latched  on  the  falling  edge  of  GCLK.  The  PGA 
must  be  loaded  using  8  GCLKs,  the  last  two  bits  that  are  loaded  are  used  to  set  the  PGA. 
Progranunable  Gain  Dara,  Digital  Input.  This  input  is  used  in  conjunction  with  GCLK  to 
set  the  gain  for  the  PGA.. 

Power-Up  Receive,  Digital  Input.  When  this  goes  low  the  receive  section  goes  into  standby 
mode,  drawing  minimal  current. 

Test  mode.  Digital  Input.  This  pin  is  used  to  put  the  device  into  a  special  factory  test 
mode.  For  normal  dei^ce  operation  this  pin  must  be  tied  to  DGND. 


2,1 

44,  «— 

41-36 

7 


8 


35 


Tx  STROBE 


I  DAC 

Q  DAC  •  ' 

X>X9,  DX8 
DX7,  DX6 
DXS-DXO 
AUX  CLOCK 


AUX  DATA 


AUX  LATCH 


POWER-UP  Tx 


18 

Rx  STROBB 

9-12  : 

DR7-DR4 

14-17 

DR3-DR0 

20 

GCLK 

21 

GDATA 

19 

POWER-UP  Rx 

31 

TEST 

This  information  applies  to  a  product  under  developnnent.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  othermise  agreed  to  in  w/ritirig. 
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ANALjOG 


GSM  Baseband  I/O  Port 


AD70Q2 


FEATURES 

Single  +5  V  Supply 

2-Ch8nnel  Sigma-Delta  ADC 
13  MHz  Sampling  Rate 
Simultaneous  Sampling 
Digital  Filter 

2-Channel  10-Bit  D/A  Converter 
4  MHz  Throughput  Rate 
Simultaneous  Update 
4th  Order  ReconMMHWH 
GMSK  ROM 

3  Auxiliary  D/A  Converters 

Fast  Interface  Port 

Power-Down  Modes 

On-Chip  Voltage  Reference 

44-Pin  PQFP 

APPUCATIONS 
GSM 
PCN 


sH)l 
SttJ 


GENERAL  DESCRIPTION 

The  AD7002  is  a  complete  low  power,  two-channel,  input/out- 
put port  with  signal  conditioning.  The  device  is  utilized  as  a 
baseband  digitization  subsystem  performing  signal  conversion 
betweoi  the  DSP      the  IF/RF  sec^nns  iq,  ^^^m^^^^n 
telephone  system  (QSM).  •  „  — 

The  transmit  pathxonsisB  of  an  on-boaid  ROM,  contailking  idl 
the  code  necessary  fat  pecforming  Gaussian  Minimum  Shift 
Keying  (GMSK),  two  high  accuracy,  fast  DACs  with  output 
reconstruction  filters.  The  receive  path  is  composed  of  two  high 
performance  sign^^ttlta  ADCs  with:di^|l  filtering.  A  common 
band^p  iifij|^i||il  the  ADCs  W&^jaiii  DACs. 

.UX  DACl  to  AUX  DAC3)  are  included 
as  AFC,  AGC  and  carrier  signal  shaping.  In 
^     XFI(|AG  is  the  DAC  Shift  Ib^ista  output  and 
used  H^^r^pn^digital  control  information  through  the 
ievice  to  the  iFyte  sections. 

As  it  is  a  necessity  for  all  GSM  mobile  systems  to  use  the  lowest 
power  possible,  the  device  has  power-down  or  islri^ciylioig^cr 
all  sections  (transmit,  receive  and  auxiliary).  ' 

The  AD70O2  j^oused  in  44-pin  PQFP  (Plastic  Quad  Flaqxick). 
tnGRAM  .v;.  ■ 


AUX  AUX 
BAGS  FUa 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  withput  notiee. 
Analog  Devices  assumes  no  obligation  regarding  fuure  mjni^fa  otherwise  agreed  to  in  writing. 
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Ahl002-SPECIFICATI0NS^ 


(AVg,  =  +5V±5%;DVn=  +5  V  ±  5%;  ABND  Tx  =  AGND  Rx  = 
DGND  =  0  V,  fcLK,  =  fcuQ  =  13  MHz;  T,  =  Tmin  to  Tm...  Rx  SLEEP,  =  Rx 
SLEEP,  =  Tx  SLEEP  =  0  V,  unless  otheiwise  stated)      .  . 


4- 


Units 


Test< 


ADqsmmomom 

SanpIiiigKue 
Output  Word  Rue 

Accuiacy 
Integral 

Differential^  ^  ., 

Bias  Offset  Error 

Tmin  to  T^^x 
loput  SoBtmce  (DQ 
Inpttt  Ganwiiwia' . 
D^miic  SffyififlitiiMis 

Dynamic  RwDge 

Signal  to  (Noise+E 
Gain  Match  Between  ( 
Filter  Settling  Time 
Frequency  Response 

0-100  kHz 

no  kHz  1-,,,^,., 

122  kHz 

200  kHz 

>400kHz 
Absolute  Group  Delay 
Group  Delay  Benran  rhmmpb  ( 
Coding 

Power  Down  Option 


12 
13 

270.8 
541.7 


CTA  wfT 


±1 
0 

±5 
±12 

3oa 
u 

64 
62 
0.05 
46.7 


'■••tmrmmfaai 


Bits 

Volts 

MSPS 

kHz 

kHz 

LSB 

LSB 
LSB 
kO  min 
pFmax 

dB  min 
dB  mi" 
dB  max 
(istyp 


BiaaedoiiV,mp(2.5V) 

RATED 
RATEl 


After  Calibiation 
After  Calibration 


Input  Frequency '*67.i5%Si2    '  "■  • 


TRANSMIT  DAC  SPECIFICATIONS 
Resolution 
Number  of  Channels 
Update  Rate 
DC  Accuracy 

Integral 

Differential 
Output  Signal  Sdrd 
Output  Signal  Fd(4cileA«im^  *- 
OCto  Error      '  r 
Gain  Matdiiog  Between  Channels 
Absolute  Group  Delay 
Group  Delay  Linearity  (0-120  kHz) 
Phase  Matching  Between  (Timmfls 
GMSK  Spectrum  Mask^ 

100  kHz 

200  kHz 

250  kHz 

400  kHz 

600-1800  kHz 


This  Ihfbnnarion  ati0liU  to  a  produtn  under  devalopment.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assurnes  no  obligation  regarding  Itihire  manutactui^  unless^tJthenMse  a0«M 


^>  eOMMONICATtONSPBODUCTS 


AD7002A 


Units 


Test  Condhioiu/ConimeiilB 


AUXILIARY  DAC  SPECIFICATIONS 
Resolution 

DC  Accuracy  ,  , 

bitegnl 

Diffcrcntiai 

(Mwt  Error 

Gain  Error 
LSB  Size 

Output  Signal  Span 
Ouqxit  Impedance 


Coding 
Power-Down 


IMr»<wn 


AUXl 
9 

Tt4 

±1 

±2 

±4 

4.88 

OioVke 

10 

8 

Binary 
Yes 


AUX2 
11 

±4 

±1 
±4 
±4 
2.44 


AUX3 


+2 
+  1 
±1 

±2 
9.77 


0  ioVref  0  to 


10 
8 

Binary 
Yes 


10 
8 

Yes 


Bits 

LSB  max 
LSB  max 
LSB  max 

LSB  max 
mV  typ 
Volts 
kn  max 
kn  typ 


Unloaded  Output 
AUX  DACs  Ham 

Power-down  Is  InvlaHMe£8$%bading  AD' 
lanAUOs 


REFERENCE  SPECIFICATIONS 
R^-'OIIT,  Reference  Output 
REP  OUT,  Reference  Output  @  -t-2SX 
Reference  Temperature  Coefficient 
Reference  Variation'* 
Output  Impedance 


±5 
60 


V  minA^  max 
Vtyp 
ppin/°Ctyp 
mVmaxi 

Vmin 

V  max 
p.A  max 


Rri 


"K)ekfl,GL  =  loF 
108kn,CL  =  InF 


LOGIC  INPUTS 
ViNH*  Input  High  Voltage 
VujL,  Input  Low  Voltage 
lisH>  Input  Current 
Cu^,  Input  Capacitance 


-  s 


3.1S 
0.9 
10 


LOGIC  OUTPUTS 
VoH>  Output  High  Voltage 
Vol,  Output  Low  Voltage 

POWER  SUPPLIES 
AV„B 

Idd 

All  SectioDS  Active 
ADC  and  Auxiliary  Paths  Active' 
Tiansmit  DAC  and  AUX  Pahs  Acdve*' 
Adadliuy  Path  only  Aetiv^*  ^  ^ 


IIoutI  s  200  (lA 
IIoutI  s  1.6  mA 


25 
13 
12 
2 


miijVi 


mAniiz  ' 
mA  max 
mA 

mA  max 


Tx  SLEEP  = 

Rz  SLEEP]  =  Rz  SL^^  »  V| 
Tx  SLBEP  ~  Rx  Sl^B^s  « 


NOTES 

^Operating  temperature  ranges  as  follows:  A  Versions:  -25X  to  +851). 
^nmeasurable:  sigma-delta  conversion  is  inherently  free  of  differential  nonliuearities. 
'See  terminology. 

^Change  in  reference  voltage  due  to  a  change  in  Tx  SLEEP  or  Rx  SLEEP  modes. 
'Measured  while  the  digital  inputs  to  the  transmit  interface  are  static. 
^Measured  while  the  digital  inputs  to  the  re^ve  interface  are  static 
'MaMaied  while  the  digittl  inputs  to  the  nodliaiy  inirrfact  are  a|>dc> 
^WTifiratioiw  mbject  to  change  wiAont  nodee. 


p  -t. 
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DVdd  to  AGND  .  .  ~.   ,  -O.JTto  +6  V 

AVdd  to  AGND   -0.3  V  to  +6  V 

AGND  to  DNGD   -0.3  V  to  +0.3  V 

Digital  Input  Voltage  to  DGND  .  .  .  -0.3  V  to  DVdd  +  0.3  V 
Analog  Input  Voltage  to  AGND  .  .  .  -0.3  V  to  AVdd  +  0.3  V 

Input  Current  to  Any  Pin  Except  Supplies^   ±10  mA 

Operating  Temperature  Range 

Industrial  Plastic  (A  Version)  ,.  -25°C  to  +85°C 

Storage  Temperature  Range   ^65°C  to  +  150°C 

Lead  Temperature  (Soldering,  10  sees)  +300°C 

Power  Dissipation  (Any  Package)  to  +75''C   450  mW 

Derates  Above  +75°C  .  ..  . .  i ,.  .  .  i ...  ...  i.c':  10  mW/°C 


NOTES  [ 
'Stresses  above  those  listed  under  "Absolute  Ma.\imum  RltiBi^'an|r'cailK 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
(Qjeratioo  of  die  device  at  those  or  any  odier  conditioDs  atmve  those  listed  in  the 
operational  sections  of  this  spucifinttions  is  not  implied.  Exposure  to  absolute 

TngTimntn  mtinj  irmMtmmtai  mm^il^  fiaiixia  limy  iiflli..t  Armrr  r-liahility 

Timainit  <m^lMM^  MIM^kM^i0iSim  SCR  latch-ap. 


N    «  .- 


CAtmON  

BSD  (dectimatic  a»i3iiiirge) 
however,  permanent  damage  may  occur 
static  fields.  Unused  devices  must  be  stored  in 
should  be  discharged  to  die  destination  socket  befi 
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AD7002  PQFP 

TOP  VIEW 
(Not  to  Scale) 
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33  AUXFLAG 
32  AUX  LATCH 
31  AUXCLK 
30  AUX  DATA 
29  HZERO 
28  NC 

27  Rx  SLEEP1 
26  TEST2 
~T125  NC 

24  Rx  SLEEP2 
23  GAL 


■Aare  dio 


ject  to  higtf^nel 


'or  shunts.  The  piot|EiVe  foam 


WARNING 
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This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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TERMINOLOGY 
Signal  Input  Span 

The  input  signal  lange  for  the  I  and  Q  channels  is  biased  about 
Vkef-  It  can  go  ±1.25  volt%jrt)put^^  point.        ,  j 

Sampting  Rate 

This  is  the  rate  at  which  th^  modulftois  on  (he  reepve  channels 
sample  the  analog ^^>i^.j^^jj,j;ij3  ,„.„  ^ 

Output  Rate  ' 
This  is  the  rate  at  which  data  words  are  made  available  at  the 
Rx  DATA  pin  (Mode  0)  or  the  I  DATA  and  Q  DATA  pins 
(Mode  1).  There  ate  twoi^ps  depsutpigw  whether  the  device 
is  operated  in  RATE  0  or  RATE  1. 

Integral  Nonlinearity 

This  is  the  maximum  deviation  from  a  straight  line  passing 
through  the  endpoints  of  the  DAC  or  ADC  transfer  function. 

Differential  Nonlinearity 

This  is  the  difference  between  the  measured  and  the  ideal 
1  LSB  change  beljjwei^i^  two  adjacent  codes  in  the  DAC  or 
ADC. 

BiaaObetEnor 

This  is  die  ofiEset  error  (in  LSBs)  in  the  ADC  section. 


Dynamic  Range  %>,  " 

Dynamic  Range  is  the  ratio  of  the  maximum  ou|pti^gnd'to 
the  smallest  ouqwt  signal  the  converter  can  produce  (1  LSB), 
expressed  logarithmically,  in  decibels  ((dB  =  20  (ratio)]. 
For  an  N-bit  converter,  die  ratio  is<^|^re%^l^ver^eAy 
equal  to  2"  [Cm  dB,  20N  log,o(2)  =  jpNll.  Hotfette  the 
otetical^ue  is  degradedijy  converter  noise^riuniKMcies  in 
Ae  LSB  weight.  ^  ^ 

Signal  to  (Noise  +  Distortion)  Ratio 

This  is  the  measured  ratio  of  signal  to  (noise  +  distortion)  at  the 
output  of  the  receive  channel.  The  signal  is  the  rms  amplitude 
(tf  the  fundamental.  Noise  is  the  rms  sum  of  all  i^onfundamc^iQd 
signals  up  to  half  the  sampling  frequency  (fs/2),  excluding  dc. 
The  ratio  is  dqxndent  upon  die  number  of  quantization  levels 
in  the  digitizadon  process;  the  more  level^j^  snj^er  the  , . 
quantization  noise.  The  theoretical  signal  to  (noise  +  distortion) 
ratio  for  a  sine  wave  is  given  by: 

Signal  to  (Noise  +  Distortion)  =  (6.02N+1.76)dB 

Absolute  Group  Delay 

Absolu^  F?<V        is  thp  rate  of  change  of  phase  versus  fice- 
^lency,  d^/H.  It  k  eiqncssed  in  microseconds. 


Group  Delay  Linearity 

The  group  delay  linearity  or  differential  group  delay  is  the 
group  delay  over  the  full  band  relative  to.the  group  delay  at  one 
particular  fiequaiuy.  The  reference  frequency  for  the  AD7002  is 
1  kHz. 

Group  Del^  PetwiMMi  Channfh 

This  is  the  dif&nn^  betWeen  the  group  dlb^  efjt 
dianndg  and-ira  iDNtsiiRWihe  idasej 
of  the  two. 

Phase  iVlatching  Bet«reen  Channels 

This  is  a  measure  of  the  phase  matching  characteristics  of  the 
I  and  Q  transinit  dumnels.  It  is  obtained  by  transmitting  all    .  i 
ones  and  then  measuring  the  difference  between  the  actual 
phase  shift  between  the  I  and  Q  outputs  and  the  ideal  phase 

shift  of  90°.  i       :..  I  ,3^5,. 

Settling  Time 

This  is  the  digital  filter  settling  time  in  the  AD7002  receive  sec- 
tion. On  initia^l^ennp  or  after  returning  from  the  sleep 
mode,  it  is  n^^Ay  to       this  amount  of  tlp^to  get  utefiil  . 

data.  J 

Output  Signal  Span 

This  is  the  output  signal  range  for  the  transmit  channel  section 
and  the  auxiliary  DAC  section.  For  the  transmit  chaimel  the 
span  is  ±1.25  volts  centered  on  2.5  volts  and  for  the  auxiliary 
DAC  section  it  is  0  to  +  Vr^f-  '■'  . 

Output  SigittfSuU-Scale  Accuracy 

This  is  &e  slpiracy  of  the  iiill-scale  output  (all  Is  loaded  to  the  . 
:)  o^the  transmit  «•*■«"""'  and  is  expressed  in  dBs. 


EltOT. 

Illis  is  die  amount  of  offiKt  in  tinlkmfaHS^^ 

iary  DACs  and  is  expressed  in  ml%^KJAiitSH^I^t  section  and 
in  LSBs  for  the  auxSia^jatctian.         .-.  'iir .  : 
GaiiiEttttr  '  =  •  ' 'n- 

This  is  a  measure  of  the  output  error  between  an  ideal  DAC  and- 
the  actual  device  output  with  all  Is  loaded  after  c&aet  error  has  : 
been  adjusted  out  and  is  esQnessed  id  LStek  90»  y^E^2, 
gain  error  is  specified  for  the  auxiliary  sectiai^'' 

Output  Impedance  ' 

This  is  a  measure  of  the  drive  capability  of  the  auxiliary  DAC 
outputs  and  is  expressed  in  l^.  '  [. 

GMSK  Spectrum  Mask 

This  is  the  output  spectrum  of  the  I  and  Q  transmit  channels, 
when  transmitting  a  random  sequence  of  data  bits  using  GMSK 
modulation  as  specified  in  GSM  S.04u«     i-;-     >  ;  . 

GMSK  Phase  Trajectory  Error 

This  is  a  measure  of  the  phase  error  between  the  transmitted 
phase  of  an  ideal  GMSK  modulator  and  the  actual  phase  trans- 
mitted by  the  AD7002,  when  transmitting  a  random  sequence  of 
data  bits.  It  is  specified  as  a.iwak  pha^.  error  and  also  as  an  rms 
I^aseenoTAj  y"* 


"This  lufcpimation  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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INPUT  CLOCK  TIMING  SPECIFICATIONS^  DBND  =  O  V;  T.  =  Tm,n  to  W,  umess  otherwise  stated) 

PaiaiHettr 

Limit  at 

Umit  at 

Ta  =-  -25*0  to +«X 

Unit* 

Desci^on 

ti 

t3                  .    ■  ■ 

76 
30 

76 
30 

ns  min 
lis'  mbi'  ~  ' 
ns  nun 

CLKl,  CLK2,  AUX  CLK  Cyde  Time 
CLKl,  CLK2,  ADX  CLK  High  Time 
CLKl,  CLK2,  ilc^  fLK  Low  Time 

nuiiSMiT  sEcndii  timih6  specifigatmns  in'sj;;,'-^  -'^^^mhm 


Unit  at 

Parameter 

Ta  =  +25"'C 

t4 

0 

ts 

25 

t6 

24  t,  +  80 

t? 

48  t, 

t8 

24  t, 

t9 

24  t, 

tio 

30 

til 

25 

tl2 

10 

tl3 

0 

23 1' 

tl4 

10 

hi 

10 

Description 


Tx  SLEEP  Hold  Time 
Tx  SLEEP  Setup  Time 
Tx  CLK  Active  After  CLKl  Rising  Edge 
Tx  CLK  Cycle  Time 

Cx  C^LK  High  Time  _ 
;  i.ow  Time 
ation  Dd 


xrom  CXJLl  ID  IM  ULifL 


SLESP  AsiityalMaim  CLK  Cycle' 
•it  ni  ."ntrKlisnti 

itpW  Rise  Time 
It  Fall  Time 


AUXILIARY  DAC  TIMING 


(AVo„=  +5  7  *  5%^OV„o  : 
13MHz;T,  =  li,tO°Wui 


+5  V  ±  5%;  ABNmx  =  I 
»  tthei|*l$e  stated) 


I  Rx  =  DtMD  =  id;  Wtw^ 


Parameter 

Limit  at 
Ta  =  +25''C 

Limit  at 

Ta=  -25°Cto+85X: 

Units 

Desciqitiim 

tl6     ■  ' 

15  -  . 

•       15    ■  • 

ns  min  ' 

AUX  DATA  Setup  Time 

•.  5              ■■  ' 

■  5    .      -  .  -51.    ■•  - 

nsmin' 

AUX  DATA  Hold  Time 

tis 

25  «a«J  ai 

;i  i25  . ■    -1     ■  iitgiithii  Boii- 

ns  min  ' 

AUX  LATCH  to  SCLK  Falling  Edge  Setup  Time 

tl9 

20  •-'SOJ  <tuirr.*j 

-  20'    rr?":;  yaqs  si  nias 

nsfl^i 

AUX  LATCH  to  SCLK  Falling  Edge  Hold  Time 

t» 

50 

ns  max 

AUX  LATCH  High  to  Mmmim  Vafid  Del^ 

hi 

10 

10  ■ 

ns  max 

Digital  Output  Rise  Time   -.j.--^*^^  -■ 

t22 

10 

10 

ns  max 

Digital  Output  Fall  Time 

NOTES 

'Sample  tested  at         to  ensure  compliance.  All  input  signals  are  specified  with  tr  =  tf  =  5  ns  (10%  to  90%  of  5  V)  and  timed  from  a  volt^  level  of  1.6  V. 
^Digital  output  rise  and  fall  times  specify  the  time  required  for  the  output  to  go  between  10%  and  90%  of  S  V.  itxaa  M  tl  .UA^  ,  <v.i_  up 

ifHeifin  «  mndow,  that  Tx  SI-EEP  should  be  asserted  for  the  current  Tx  CLK  to  be  the  last  prior  to  entering  SLEEP  mode. 


CLK1,CLK2, 
AUX  CLK 


*2.1V 


Figure  2.  Load  Circuit  for  Timing  Speafications 


MiMnSut0lltM!ll0§0mt^Smi>ro  to  ctnif^vMaittl^eitlGe. 
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DCPriuc  ccrnny  riuiur  =  +5  v  ±  5%:  DV„„  =  +5  v  ±  5%,  agnd  Tx  =  agnd  Rx  =  dgnd  =  o  v, 
KlGcIVE  ScCnUN  TIMING  ieai^  13 MHz; T,  =  Tm,k  to  Tmu,  unless  othenrise  statBd) 


Parameter 


IJuiltat 

Ti'»  -'2S«to+85°C 


Units 


Description 


t24 


^1 

t32 


t34 


0 

25 
0 

39  t, 
15  ty 


32  t,  +  tj 
31 1,  +  t2 

ti 

2t, 

30     'i-  - 
ggm  si  nooa-;. 

30 

30 
25 
20 

>.-■■1^,■^}  .',«?'.. 

t,  _ 
2t. 

24 1, 

12  t, 

48  ti 

24  t, 

15 

15 

10 

10 


0  " 

25 

0 

39  t, 
15  t, 


32  ti  +  l2 
31 1,  +  tj 

2t, 


ns  min 
ns  min 
ns  min 
ns  max 
us  max 


30 
90 


Rx  SLEEP  Hold  Time  After  CLKl,  CLK2  High 

Rx  SLEEP  Setup  Time  Before  CLKl,  CLK2  High 

Rx  SYNC  to  Rx  SLEEP  Asserted;  See  Note  4 

RATEO  .wilH      i  f  vi  . ;  ; 

RATE  1 

Rx  CLK  Active  After  Cl^:il^^^gtViMmag  FiSBBg 
Edge  of  Rx  SLEEP  ^  '  ^  '  " 

ModeO  -  , 

Mode  1  ■*  ' 

Rx  CU^  C^de  Time 
MODE  0 
MODEl^,^ 

Rx  CI.K«3j>i]KJKR^'   '■  "•''■^  /.'-.MO  5  ;V^ev-i 


>.TA- 


Propagation  Delay  from  CLKl,  CLK2  High  to  Rx  CLK  Higl^ 
Rx  SYNC  Valid  Prior  to  Rx  CLK  Falling  g  .  , 
Rx  SYNC  High  Pulse  Width  .  I 

MODE  0   

MODE  1 

Rx  SYNC  Cycle  Time 
MODE  0  RATE  0 
MODE  0  RATE  1 
MODE  1  RATE  0 
MODE  1  RATE  1 

Rx  DATA  Valid  After  Rx  CLK  Rising  Edge  _ 
Propagation  Delay  from  Rx  CLK  Rising  Edge  to  I/Q 

Digital  Output  Rise  Time^       '       ■    -"^"^  "  'V 
Digital  Output  Fall  Time^  ' 


lj>,l:---!5»  (.-: 


:a::-"m 
.V  viT 


'.IS  ^ 


T 


■tM  pr<^  >•  ns  bo?-. - . : ;  ; j 


rt«i  innaTinu  nun  nnuTnni  timiuA  =  +5  V  ±  5*:  OVdo  =  +5  V  ±  5%;  AGND  Tx  =  AGND  Rx  =  DGND  == 
CAUdRATIDN  and  control  timing  0  V,  W  cu  =  13  MHz;  T«  =  Tan,  to  W,  unless  otheiwlse  stated)  ' 

■■i'  ^i'  •<.-.r!--.lT7.h.r.s»iaii'tiAMxlaa^ii--- 


Limit  at 

Limit  at 

Parameter 

Ta  =  +25°C 

Ta  =  -25°C  to  +85°C 

Units 

Description 

tss 

25 

25 

ns  min 

SLEEP  to  CAL  Setup  Time 

608  ti 

608  ti 

ns  min 

CAL  Pulse  Width 

25 

25 

ns  min 

RATE,  MODE  or  3-STATE  ENABLE  Setup  Time 

NOTES 

^Sample  Ksted  at  +25*^  to  ensure  compliance.  All  input  signals  are  spediBed  with  tr  =  tf  =  S  ns  (10%  to  90%  of  5  V)  and  timed  from  a  voltage  levd'6f  fC6  V. 
'Digital  output  rise  and  fall  times  specify  the  time  required  for  the  output  to  go  between  10%  and  90%  of  5  V. 
'See  Figure  4  for  test  circuit. 

^23  apeofies  a  window,  after  Rx  SYNC  which  marks  the  beginning  of  1  data,  that  Rx  SLEEP  should  be  asserted  for  the  subsequent  IQ  data  pair  to  be  last  prior 
ID  entedns  SLEEP  mode.          -.r- ,              \ J»  •~'^0  aii^'-jt;     ..W  "'^  i/AC  "ij.'-.'t"  '  -..xv'n  -.•( 

Speimisdmsimteito<!bagiymmtai^   ■  ^  ■   ' 

■  't.'.i  ..vriiiK;  »(l);5T0»f 


tti*5Tpi',C.i  Mil 


Bite  intomMiDn  ajifilles  to  a>pFoduct  undar  dbvvliepmenttts  eharact^ristics  'and  speelficsb'ons  aw  aubjact  tMMMIlHMiilin#nMe& 
Analog  Devices  asaumea-no  obligation  fsgarding  tottire^ni^uteetura  unleA  o^^  r>oiF.n& 
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CIRCUIT  DESCRIPTION 
TRANSMIT  SECTION 

The  transmit  section  of  the  AD7002  generates  GMSK  I  and  Q 
waveforms  in  accordance  with  GSM  specification  5.04.  This  is 
accomplished  by  a  digital  GMSK  modulator,  followed  by  10-bit 
DACs  for  the  I  and  Q  channels  and  on-chip  reconstruction  fil- 
ters. The  GMSK  (Gaussian  Minimum  Shift  Keying)  digital 
modulator  generates  I  and  Q  signals,  at  16x  oversampling,  in 
response  to  the  transmit  data  stream.  The  I  and  Q  data  streams 
drive  10-bit  DACs,  which  are  filtered  by  on-chip  4th  order 


MreORATOfl 


Figures.  St/^ ^meff&fi^^ot^ Diagram 


TaUe  L  IMb  TiAIe  for  the  Difiinciitbl  Edcoder' 


transmit  section  powers  down,  with  the  I  TX  and  Q  TX  outputs 
connected  to  Vrep  through  a  nominal  impedance  of  80  kfl. 

Reconstruction  Filters  ' : 

The  reconstruction  filters  smooth  the  DAC  output  signals, 
providing  continuous  time  I  and  Q  waveforms  at  the  output 
pins.  These  are  4th  order  Bessel  low-pass  filters  with  a  cutoff 
frequency  of  approximately  300  kHz.  Figure  6  shows  a  typical 
transmit  filter  frequency  response,  while  Figure  7  shows  a 
typical  plot  of  group  delay  versus  frequency.  The  filters  are 
designed  to  have  a  linear  phase  response  in  the  passband  and 
due  to  the  reconstruction  filters  being  on-chip,  the  phase  mis- 
match between  the  I  and  Q  transmit  channels  is  kept  to  a 

minimum 

Transmit  Section  Digital  lotoftce 

Figure  4  shows  the  timing  diagram  for  tlie  transmit  intoftce. 

Tx  SLEEP  is  sampled  on  the  falling  edge  of  CLKl.  When  Tx 
SLEEP  is  brought  low,  Tx  CLK  becomes  active  after  24  master 
clock  cycles.  Tx  CLK  can  be  used  to  clock  out  the  transmit  data 
fit)m  the  ASIC  or  DSP  on  the  rising  edge  and  Tx  DATA  is 
clocked  into  the  AD7002  on  the  faUing  edge  of  Tx  CLK.  When 
Tx  SLEEP  is  asserted  the  transmit  section  is  immediately  put 
dii^bling  Tx  CLK  and  powering  down  the 
in.       ^        o;  i}f  ' 


% 


>N0CI  WAV)EFWIMS  generated  from  180  DATA 
«AOE  UP  OF  A  HEADER  OF  16  ONES. 
IDOM  BITS  (DATA)  AND  16  ONES  (TALL  BITS). 
lASE  ERROR  TR|«9CilNlir  (DEGREES) 
PEAK  =  1.642  um,  niti  =  9.63  DEG. 


GMSK  Modulator 

Figure  3  shows  the  functional  block  diagram  ( 
modulator.  This  is  implemented  using  control  logi^^tM  KOM^ 
look  up  table,  to  generate  I  and  Q  data  samples  at  16  times  the 
transmit  data  rale.  The  transmit  data  (Tx  DATA)  is  first  differ- 
entially encoded  as  specified  by  GSM  S.04  section  2.3  (Table  I). 
The  GMSK  modulator  gmerates  10-bit  I  and  Q  waveforms  (In- 
jdiase  and  Quadiatuie),  in  reaponse  to  the  encoded  data,  which 
are  loadied  into  die  10-Irit,  I  and  Q  tnmsnitDACs.  The  Cans- 
siaafiherj-inilirSMSK-iaadidanriiiasasiDiliibeix^Qnse  ' 
truncated  to  4  data  bits. 

When  4ie  transmit  section  is  brought  out  of  sleep  mode  (Tx 
SLEEP  low),  tjie  n>«glB^B^^jg{B|  jcp  a  tranm^itting  all  .Isi'  . 
met.  Hlitt  Tg  iaypp^  i|wiwiii>lffleM.^PMgl>)>  ttie  


I  ° 

O  -1.00 


-6.00 

'  figure  B. 
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typical  Plot  of  the  Transmit  Phase  Trajectory 
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Figuro  4.  Tranamit  Soction  Timing  Diagram 
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1.00  «  03       1X0 «  04       1.00  f  05       1.00  4  06      '1.00  + 
FREQUENCY -Hz 

Figure  6.  Transmit  Filter  Frequency  Response 
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Figure  7.  Transmit  Filter  Group  Delay 


GMSK  SPECTRUM  TEST,  DC  TO  6.4MHz. 
FREQUENCY  RESOLUTION:  30.1514kHz 


GMSK  SPECTRUM  TEST,  DC  TO  6.4MHz. 
FREQUENCY  RESOLUTION:  30.1514kHz 
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Figure  8.  Typical  Spectrum  Plot  of  the  I  Channot'  Wbw 
Tre^nsmitting  Random  Data 
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10.  TypicaVSpecirumWotof^ 
Transmitting  All  Is  or  All  Os 
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Figure  11.  Typical  Spectrum  Plot  of  the  Q  Channel  Whert 
Transmitting  All  Is  or  All  Os  .  . 
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RECEIVE  SECTION   

The  receive  section  consists  of  I  and  Q  receive  channels,  each 
consisting  of  a  simple  switched  capacitor  filter  followed  by  a 
12-bit  sigma-delta  ADC.  The  data  is  available  on  a  flexible  serial 
interface,  interfacing  easily  to  most  DSPs.  The  data  can  be  con- 
figured to  be  one  of  two  formats  and  is  also  available  at  two 
sampling  rates.  On-board  digital  filters,  which  form  part  of  the 
sigma-delta  ADCs,  also  perform  critical  system  level  filtering. 
Their  amplitude  and  phase  response  characteristics  provide 
excellent  adjacent  chaimel  rejection.  The  receive  section  is  also 
provided  with  a  low  power  sleep  mode  to  place  the  receive  sec- 
tion on  standby  between  receive  bursts,  drawing  only  minimal 
current. 

Switched  Capacitor  Input 

The  receive  section  analog  front  end  is  sampled  at  13  MHz  by  a 
switched  capacitor  filter.  The  filter  has  a  zero  at  6.5  MHz  as 
shown  in  Figure  12a.  The  receive  chaimel  also  contains  a  digital 
low-pass  filter  (further  details  are  contained  in  the  following  sec- 
tion) which  operates  at  a  clock  frequency  of  6.5  MHz.  Due  to 
the  sampling  nature  of  the  digital  filter,  the  pass  band  is 
repeated  about  the  operating  clock  frequency  and  at  multiples  of 
the  clock  frequency  (Figure  12b).  Because  the  first  null  of  the 
switched  capacitor  filter  coincides  with  the  fiist  image  of  the 
digital  filter,  this  image  is  attenuated  by  an  additional  30  dBs 
(Figure  12c)  furdiei 
lequiiementSi 


0  to  3.25  MHz  (Fs/2),  the  noise  energy  contained  in  the  band  of 
interest  is  reduced  (Figure  13a).  To  reduce  the  quantization  still 
further,  a  high  order  modulator  is  employed  to  shape  the  noise 
spectrum,  so  that  most  of  the  noise  energy  is  shifted  out  of  the 
band  of  imeresit  (Figuie 
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c.  Overall  System  Response  of  the  Receive  Channel 
Figure  12. 

SIGMA-DELTA  ADC 

The  AD7002  receive  chaimels  employ  a  sigma-delta  conversion 
technique,  which  provides  a  high  resolution  12-bit  output  for 
both  I  and  Q  chaimels  with  system  filtering  being  implemented 
on-chiprl' 

The  output  of  the  switched  capacitor  filter  is  continuously 
sampled  at  6.S  MHz  (magtsr  clock/2),  by  a  charge  balanced 
modulator,  and  is  converted  into  a  digital  pulse  train  whose 
duty  cycle  contains  the  digital  information.  Due  to  the  high 
oversampUnp  rate,  whidi  ^veads  die  quantization  noise  team, 


£.       of  Digital  Filtering  to  Remove  the  Out  of  Band 
muantiz^ti^^oise 

l^',  Figure  13. 

he  digital  filter  that  follows  the  modulator  removes  the  large 
it'bf  band  quantization  noise  (Figure  13c),  while  converting 
the  digital  pulse  train  into  parallel  12-bit  wide  binary  data.  The 
12-bit  I  and  Q  data  is  made  available,  v^«  aetill  intBfin^  in  a 
variety  of  formats. 

Digital  FBter   .  > ■■  =  a'P. 
The  digital  filters  used  in  the  AD7002  lecdve  sectkmtaor^out 
two  important  functions.  First,  they  remove  the  out  of  band 
quantization  noise  which  is  shaped  by  the  analog  modulator. 
Second,  they  are  also  designed  to  perform  system  level  filtering, 
providing  excellent  rejection  of  the  neighboring  channels. 

Digital  filtering  has  certdn  advantages  over  analog  filtering. 
First,  since  digital  filnring  occurs  aifter  the  A/D  conversion  pro- 
cess, it  can  remove  noise  injected  during  the  conversion  process. 
Analog  filtering  cannot  do  this.  Second,  the  digital  filter  com- 
bines low  passband  ripple  with  a  steep  roll  o£f,  while  also  main- 
taining a  linear  phase  lespotvse.  This  is  very  difficult  to  ad^eve 
with  mialog  filters. 

However,  analog  filtering  can  remove  noise  superimposed  on  the 
analog  signal  before  it  reaches  the  ADC.  Digital  ^tering  cannot 
do  this  ^  «iiije^|^^j^qg4ifii  dgoais  near  iijU'««l^.Jbave  the 
potential  to  satunOe.tkesanalog  modidatoc,  even  though  ihe 
average  value  of  die  sigiud'is  widiin  limits.  To- alleviate  tibis 
problem,  the  AD7002  Jus  omiange  headroom  built  into  the 
moituhlnr  and  digital  filter  which  allows  overrange 
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Filter  Characteristics 

The  digital  filter  is  a  288-tap  FIR  filter,  clocked  at  half  the  mas^ 
ter  clock  frequency.  The  frequency  response  is  shown  in 
IS.  The  3  dB  point  is  at  122  kHz. 

Dtie  to  the  low  pass  nature  of  the  receive  filten^ 
tling  time  associated  with  step  input  functi)] 
not  be  meaningful  until  all  the  digital  i 
loaded  with  data  samples  taken  ! 
the  AD7002  digital  filters  have  a  sef^^  tAe  ofj 
(288  X  2  t,). 

When  coming  out  of  sleep,  the  digital  filter  tap^re  reset. 
Hence  data,  initially  generated  by  the  digital  filters,  will  not  be^ 
correct.  Not  until  all  288  taps  have  loaded  with  meaningful  data 
from  the  analog  modulator,  will  the  output  data  be  correct.  The 
analog  modulator,  on  coming  out  of  sleep,  will  generate  mean- 
ingful data  after  21  master  dock  cycles. 

GaUbiation 

Included  in  the  digital  filter  is  a  means  by  which  receive  signal 
offsets  may  be  calibrated  out.  Calibration  can  be  effected 
through  the  use  of  the  CAL  and  MZERO  pins. 

Each  channel  of  the  digital  low-pass  filter  section  has  an  offset 
register.  The  offset  register  can  be  made  to  contain  a  value  rep- 
resenting the  dc  offset  of  the  preceding  analog  circuitry.  In 
normal  operation,  the  value  stored  in  the  offset  register  is  sub- 
tracted from  the  filter  output  data  before  the  data  appears  on 
tbe  serial  output  pin.  By  so  doing,  the  dc  offset  gets  cancelled. 
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1  the  offset  register  is  cleared  (twos  complement 
L  tt  high  and  becomes  loaded  with  the  first  digi- 
'ter        falls.  This  result  will  be  a  measure  dt,' 
#9  the  analog  chaimel  is  switched  to  zero  . 
.  Time  must  be  provided  for  the  analog  cir- 
le  digital  filter  to  settle  after  the  analog  circuitry  is 
Kl  torero  and  before  CAL  falls.  The  offset  register  will 
with  the  a  proper  representation  of  the  dc  offset. 

high  for  more  than  608  master  clock  cycles 
lJt!LK2).  If  the  analog  channels  are  switched  to  zero 
fdent  with  CAL  rising,  this  time  is  also  sufficient  to  satisfy, 
le  settling  time  of  the  analog  sigma-delta  modulators  and  the 
digital  filters.  CAL  may  be  held  high  for  an  imlimited  time  if 
convenient  or  necessary.  Only  the  digital  r^nj^fi^^^^  die  fall 
of  CAL  will  be  loaded  into  each  offset  regisMTg^^j^^  ^Us^v 
normal  operation  resimies  immediately. 

The  offset  registers  are  static  and  retain  their  comets  even  dur- 
iqg  sleep  mode  (Rx  SLEEP,  and  Rx  SLEEPj  high^^.l^i^Kl^ 
(mly  be  updated  if  drifts  in  the  analog  dc  offsets  are  exp^enoe^; 
or  expected.  However,  on  initial  application  of  power  to  the  dig- 
ital supply  pins  the  offset  registers  may  contain  grossly  incorrect 
values  and,  therefore,  caUbration  must  be  activated  at  least  once 
after  power  is  applied  even  if  the  facility  of  calibration  is  not 
regularly  used. 
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f  Control  Timing  Diagram 


Jhis  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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The  MZERO  pin  can  be  used  to  zero  the  sigma-delta  modula- 
tors if  calibration  of  preceding  analog  circuitry  is  not  required. 
Each  analog  modulator  has  an  internal  analog  multiplexer  which 
is  controlled  by  MZERO.  With  MZERO  low,  the  modulator 
inputs  are  connected  to  the  I  Rx  and  Q  Rx  pins  for  normal 
operation.  With  MZERO  high,  both  modulator  inputs  are  con- 
nected to  the  Vref  pi°>  which  is  analog  ground  for  the  modula- 
tors. Typically,  the  CAL  and  MZERO  pins  would  be  tied 
together  and  driven  by  the  same  digital  signal.  If  calibration  of 
external  analog  drcuitiy  is  destodyaAjgRRO  steuld  .^||i«q^ Jmr 
during  the  calibration  cycle. 

The  offset  registers  have  enough  resolution  to  hold  the  value  of 
any  dc  offset  between  ±5  V.  However,  the  performance  of  the 
sigma-delta  modulators  will  degrade  if  full  scale  signals  with 
more  that  100  mV  of  offset  are  experienced.  If  large  offsets  are 
present,  these  can  be  calibrated  out,  but  signal  excursions  from 
the  offsets  should  be  limited  such  that  the  I  Rx  and  Q  Rx  volt- 
ages remain  within  ±1.35  V  of  Vref- 
Receive  Section  Digital  Interface 

A  flexible  serial  interface  is  provided  for  the  AD7002  receive 
section.  Foiu'  basic  operating  modes  are  avkilable.  Table  II 
shows  the  truth  table  for  the  different  serial  modes  that  are 
available.  The  MODE  pin  determines  whether  the  I  and  Q 
serial  data  is  made  available  on  two  separate  pins  (MODE  1) 
or  combined  on  to  a  single  output  pin  (MODE  0).  The  RATE 
pin  determines  whether  I  and  Q  receive  data  is  provided'tj^ 
541.7  kHz  (RATE  1)  or  at  270.8  kHz  (RATE  0). 

When  the  receive  section  is  put  into  sleep  mode,  by  bringing  Rx 
SLEEPi  and  Rx  SLEEPj  high,  the  receive  interface  will  com- 
plete the  current  IQ  cycle  b^fte  entering  iato  x  UHi  power  deep 
mode. 

MODE  0  RATE  I  Interface 

The  timing  diagram  for  the  MODE  0  R^TE.  Igw^ive  jj^terfve 
is  shown  in  Figure  17.  It  can  be  used  to  iatp^^e^ta^t^rStxy  ^ 
cessors  leqniring  only  one  serial  port. 

When  using  MODE  0,  the_serial  data  is  made  available  on  the 
Rx  DATA  pin,  with  the  I/Q  pin  indicating  iriietfaer  the  12-bit 
word  being  clocked  out  is  an  I  sample  or  a  Q  sample.  Although 
the  I  data  is  clocked  out  before  the  Q  data,  internally  both  sam- 
ples are  processed  together.  RATE  I  selects  an  output  word  rate 
of  S41.7  kHz,  which  is  eqwl  to  the  master  dodcJCLKl, 
CLK2)  divided  by  24. 

When  die  receive  section  is  brought  out  of  sleep  mo(te,  ^ 
bringing  Rx  SLEEPi  and  Rz  SLEEPj  low,  (after  32  master 
clock  cydes)  the  Rz  CLK  output  will  continuously  shift  out  I 
and  Q  data,  alwi^  beginning  with  I  datfe-Rx  SYNC  provides  a 
ftaming  signal  that  it  used  to  indicate  die  beginning  of  an  I  or 


he  Mling  edge  of  Rz  CLK  widi  the  I/Q . 


cycle  before  the  beginning  of  I  data,  and  subsequently  goes  high 
in  the  sam^  dodt  eyde  as  the  last  bit  of  each  lirbit  wtttd  (both 
I  and  Q).     DATA  is  valid  on  the  fdfiqg  edge  of  Rx  CLK  and 
is  dodced  Out  MSB  first,  with  the  I/Q      indicating  whether 
Rz  DATA 'is  I  data  or  Q  data. 

MODE  0  RATE  0  Interface 

Figure  18  shows  the  receive  timing  diagram  when  MODE  0, 
RATE  0  is  selected.  Again  I  and  Q  data  are  shifted  out  on  the 
Rz  DATA  pin  but  here  the  output  word  rate  is  reduced  to 
270.8  kHz,  this  being  equal  ta  master  d^^c^&l^  CLK2) 
divided  by  48.  ^  ' 

Once  the  receive  section  is  brought  out  of  sleep  mode,  (after  56 
master  clock  cycles)  the  Rx  CLK  output  becomes  active  and 
generates  an  Rx  SYNC  framing  pulse  on  the  first  Rx  CLK.  This 
is  followed  by  12  continuous  clock  cycles  during  which  the  I 
data  is  shifted  out  on  the  Rx  DATA  pin.  Following  this  the 
Rx  CLK  remains  high  for  1 1  master  clock  cycles  before  clocking 
out  the  Q  data  in  exactly  the  same  maimer. 

Rx  DATA  i 
pinj 

\tE  1  InMice 
>19  sho^  ^^^jEjor  MODE  1  RATE  1  receive  digi- 
tal mterfacerMODEi  I^wE  1  gives  an  output  word  rate  of 
541.7  kHz,  but  I  and  Q  data  are  transferred  on  separate  pins.  I 
data  is  shifted  out  on_Rx  DATA  (I  DATA)  pin  and  Q  data  is 
shifted  out  on  the  l/Q  (Q  DATA)  pin.  RATE  1  selects  an  out- 
ptit  wotdriKte  tfjAl.7  kHz  (this  is  equal  to  the  master  clock 
dii(afc^l?4)|^* 

eive  section  is  brought  out  of  sleep  mode,  by 
;  Rx  SLEEP,  and  Rx  SLEEPj  low,  (after  32  master 
:  cycles)  the  Rx  CLK  output  will  continuously  shift  out  I 
and  Q  data,  on  separate  pins.  Rx  SYNC  provides  a  framing 
signal  that  is  used  to  indicate  the  begiiming  of  an  I  or  Q,  12-bit 
data  word  that  is  valid  on  the  next  falling  edge  of  Rx  CLK.  On 
coming  out  of  sleep,  Rx  SYNC  goes  high  one  clock  cycle  before 
the  begiiming  of  I  data,  and  subsequently  goes  high  in  the 
same  clock  cycle  as  the  I  and  Q  LSBs.  It  takes  24  Rx  CLKs 
(excluding  the  first  framing  pulse)  to  complete  a  single  IQ  cycle. 
I  DATA  and  Q  DATA  are  valid  on  the  Uling  edge  of  Rx  CLK 
and  are  clocked  out  MSB  first.    ,^  , 

MODE  1  RATE  0  Interface 

Figure  20  shows  the  receive  timing  diagram  when  MODE  1 
RATE  0  is  selected.  MODE  1  RATE  0,  again  I  and  Q  data  are 
transferred  on  separate  pins.  I  data  is  shifted  out  on  Rx  DATA 
(I  DATA)  pin  and  Q  data  is  shifted  out  on  the  I/Q  (Q  DATA) 
pin.  The  output  word  rate  is  reduced  to  270.8  kHz,  this  equal 
to  master  dpck  (CLKl,  CLK2)  divided  by  48. 

Once  the  lecdve  section  is  brought  out  of  sleep  mode,  and  after 
56  master  dock  cydes,  the  Rx  CLK  output  becomes  active  and 
generates  an  Rx  SYNC  framing  pulse  on  the  first  Rz  CLK.  This 
is  followed  by  12  continuous  dock  cydes  during  which  both  the 
I  and  Q  data  is  sU^ed  oia  on  I  DATA  and  Q  DATA  pins.  Fol- 
lowing this  die  RxpLK  lemains  hi|^  for  SJ  mwier  eio^  cycles 
before  doddug  o^tthrderlQ  Sm  pmr. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding fUtBry  rawMBCftww  iimteBa  othorwisa  aereed  to  in  writing. 
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Figure  17.  MODE  0  RATE  J  Receive  Timing 
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Figure  18.  MODE  O  RATE  0  Receive  Tuning 
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Figure  19.  MODE  1  RATE  1,  Receive  Timing 
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Figure  20.  MODE  T  RATE  0  Receive  Timing 


AUXILIARY  DACs 

Three  auxiliary  DACs  are  provided  for  extra  control  functions 
such  as  automatic  gain  control,  automatic  frequency  control  or 
for  ramping  up/down  the  transmit  power  amplifiers  during  the 
beginning/end  of  a  transmit  burst.  The  three  auxiliary  DACs, 
AUX  DACl,  AUX  DAC2  and  AUX  DACS,  have  resolutions  of 
9-,  10-  and  8-bits,  respectively.  In  addition  to  the  three  auxihary 
DACs,  the  auxiliary  section  contains  a  digital  output  flag  (AUX 
FLAG)  with  three-state  control.  Communication  and  sleep  con- 
trol of  the  auxiliary  section  is  total|,y  independent  of  t 


AUX  DAC  Digital  Interface 

Communication  with  the  auxiliary  section  is  accomplished  via  a 
three-pin  serial  interface,  as  the  timing  diagram  in  Figure  23 
illustrates.  While  AUX  LATCH  is  low,  data  is  clocked  into  a 
16-bit  shift  register  via  the  AUX  DATA  and  AUX  CLK  pins. 
AUX  DATA  is  clo<aced  on  the  faUing  edge  of  AUX  CLK,  MSB 
fust.  The  16-bifSiiJt  register  is  organized  as  a  data  field 
(DB0-DB9)  and  as  a  control  field  (DB10-DB15).  The  data  field 
is  8-,  9-  or  10-bits  wide,  depending  on  the  AUX  DAC  being 
loade^  ^dlcontrd  field  indicates  which  AUX  DACs  «e  being 
l<Mde<inWi>J^eRni>iiies  the  state  of  ^ ACT  HLflPjHllC 


DB10  0B11  DBia  DB13 


SHOWN 

Hgtira  it.  4tmMKy  Ei0tC  Structure 

The  AD7002  AUX  DACs  are  voltage  mode  DACs,  consisting  of 
R-2R  ladder  networks  (Figure  21  shows  AUX  DACl  architec- 
ture), constructed  from  highly  stable  thin-films  resistors  and 
high  speed  single  pole,  double  throw  switches.  This  design 
architecture  leads  to  very  low  DAC  current  during  normal  oper- 
ation. However,  the  AUX  DACs  have  a  high  output  impedance 
(ffpial  8  ktl)  and  hence  require  external  buffering.  The  AUX 
DACs  have  an  output  voltage  range  of  0  V  to  V^ef  -1  LSb. 
Each  AUfX  DAC  can  be  individually  entered  into  low-power 
sleep  mode,  simply  by  loading  aU  ones  or  all  zeros  to  that  partic- 
ular AUX  DAC.  This  does  not  affect  the  notimd  c^iaation  of 
AUX  DACs,  as  dther  ^ jdjei^  mo  ogdesXatt'W  -  6.  |jiA£^ 
Is  =  SO  |xA  typical)  represent  the  operating  points  for  lowest 
power  consumption.  '    -    -  ~       .Jv"""  .      '.  I  '  y 

The  digital  AUX  FLAG  output  is  available  for  any  external 
logic  control  that  may  be  required.  For  instance,  the  AUX 
FLAG  could  be  used  to  control  the  Tx  SL^^^jrin^^w^u^g  on  , ; 
the  transmit  section  prior  to  tanqniig  up  (usiag  oob  (rf  AUX 
DUkCOtiieKFaiivUfim.   »  " — 

Figure  23.  Auxiliary  DAC  Timing  Diagram 

This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  jp'^^^-fl*^^ 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 


DB14  OBIS 


Figure  22.  Auxiliary  SeeSon  SBrM  iMmfaee 

When  the  shift  register  has  been  loaded,  AUX  LATCH  is 
brought  high  to  update  the  selected  AUX  DACs  and  the  AUX 
FLAG  piib  The  control  bits  are  active  high,  and  since  a  central 
bit  has  been  assigned  to  each  AUX  DAC,  this  facilitates  the 
simultaneous  loading  of  more  than  one  AUX  DAC  (Widi'  <$e 
same  data).  DBIO,  DBll  and  DB12  selected  AUX  DACB,  AUX 
DACl  aqd  WK  DAC2  reqiective^wti^MS  ^fj^^  the 
logic  state~dr  AUX  FLAG  while  JxtA  detetmines  whether  the 
3-state  driver  is  enabled. 

AuxcLK,.,    r[      n  n  n  n 


AUXDATAfl)  : — [gy»J[DB14] 


AinuncHW 


OLD  AUX  FLAG 


KNEW  AUX  FLAQ 
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VOLTAGE  REFERENCE 

The  AD7002  conbdm  an  on-chip  bandgap  iderence  which  pro- 
vides a  low  noise,  temperature  compensated  referaice  to  the  IQ 
transmit  DACs  and  the  IQ  receive  ADGs.  The  re&ienee  is  also 
made  available  on  the  REF  OUT  pin  juidcaii  8fe  itoed  ib  bias  - 
other  analog  circuitry  in  the-JF  section.,  r  -  -  -  ?. :  :      : .  v  b 


When  both  the  transmit  section  and  the  receive  section  are  in . 
sleep  mode  (Tx  SLEEP  and  Rx  SLEEP  asserted),  the  rtferoio 
output  buffer  is  ^  ixnMiied  dom  by^^^«ttUC^  tt^. 


PIN  FUNCTION  DESCRffTION 


PQFP  Kn  j\j 


Number  Mneq^^^  ^  /□  hCl 

POWER  SUPPLY 

37  AVdd    ,j  ^jjjj^      j|i»itive  power  suj^y  for  analog  section.  This  is +5  V±5%.      -,-  ^ 

38  AGND  Analog  ground.  , 

4,  15  DVoo  Positive  power  supp)y  for  (Ugi^l  se^jpn,  jUjli^S  V±S%. 

5,16  DGND  Digi^grpund.  --rfjL^m 

ANAIjOQiSJCaJAL  AND  BEFERENGE  '  <^-W%\-^u!Cy 

41  I  Ts '  '«>0'  ■  AUsiog  output  for  the  I  flii^^J^  tSmSai  'niu'dtatput  comes  team  a  lO-Ut  DAC  and  is 

1-    .  .nim^irr^'  filtered  by  a  4th  ord^afelWoHiasg  ffl|||;;n^"|ikbit  DAC  a  loadfed  trifll  I  data,  which  is 

•  ■nor.?..'  generated  bv  the  G.MSK  modulator^%  iJ'V^^ 

39  QTx  Analo^twput  tor  the  Q  (Quadratu^)dfeSieI.  This  output  comes  from  a  10-bit  DAC  and 

Jt-.i      is  m^^%Um  brdg  mf^^^lffm filter.  The  10-bit  DAC  i»  haM'TOth  Q  data. 
■     ^^|w|^»^Kted^  p^MM  modtjjMor. 
44  I  Rx  Analog  input  for  I  receive  channel.     

42  QRx  Analog  input  for  Q  receive  channel. 

. .         so  ''""IHiyii^^il^l^  Analog  output  voltage  from  the  9-bit  auxiliary  DAC.  This  is  a  voltage  mode  DAC  with  a 

high  output  impedance  and  hence  should  be  buffered  if  used  to  drive  moderate  impedance 
loads.  'IV  ' 

Analog  output  voltage  firom  the  10-bit  auxiliary  DAC.  This  is  a  voltaj^e  mode  DAC  with  a 
high  output  impedance  and  hence  should  be  buffered  if  used  to  driVe  mblteMe  imjieiknce 
loads.  ' 


36  AUX  DAC2 


35  AUX  DAC3  Analog  output  voltage  from  the  8-bit  auxiliary  DAC.  This  is  a  voltage  mode  DAC  with  a 

high  output  impedance  and  hence  should  be  buffered  if  used  to  drive  moderate  impedance 
,  ,    -  ;  loads.  ;>     (  / f*- 

40  REF  OUT  Reference  output;  this  is  2.48' volts  nominal. 

TRANSMITINTERFACE  AND  CONTROL  ' 

7^11    ..  .^.(^^^^l^ij^  Master  clock  inputs  for  both  the  transmit  and  receive  sections.  CLKl  and  CLK2  must  b6  ^ 

externally  hardwired  together  and  driven  from  a  13  MHz  TTL  compatible  crystal. 
3  Tx  CL^  oiJttEiqtffeq»  li«.APJ0Q3blria(ah£m^.iHClblo  dock  ra  iWitaMlie  transmit «&■  . 

-  '  rion. 

2  Tx  DATA  Data  input  for  the  transmit  section,  data  is  clocked  on  tfie  falling  edge  of  Tx  CLK. 

1  Tx  SLEEP  Sleep  control  input  for  transmit  section.  When  it  is  Ugb,  the  transmit  section  goes  into 

standby  mode  and  draws  minimal  current. 


This  information  applies  to  a  product  under  development.  Its  cheracteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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AD7002 


PQFP  Pin 

Number 


Mnemonic 


Function 


RECEIVE  INTERFACE  AN|J.^:pTROL 


13 


12 


18 


19 


20 
21 
22 

23 


2sr 


MODE 


RATE 


Rx  DATA  (I 
DATA) 

I/Q(Q 


RxSTNC 

RxCLK 

3-STATE 

CONTROL 

CAL 


Digital  control  input  When  High  (MODE  1),  the  I  and  Q  outputs  are  on  separate  pins  (Q 
DATA  and  I  DATA).  When  Low  (MODE  0),  I  and  Q  are  on  the  same  pin  (Rx  DATA).  ; 
Digital  control  input.  This  determines  whether  the  receive  section  interface  operates  at  a  ' 
word  rate  of  541.7  kHz  or  at  a  word  rate  of  270.8  kHz.  When  High  (RATE  1),  the  output 
word  rate  is  541.7  kHz.  When  Low  (RATE  0),  the  output  word  rate  is  270.8  kHz. 
This  is  a  dual  function  digital  output.  When  the  device  is  operating  in  MODE  0,  the  Rx 
DATA  (both  I  and  Q)  is  available  at  this  pin.  When  the  device  is  operating  in  MODE  1, 
only  1  DATA  is  available  at  this  pin. 

This  is  a  dual  function  digital  output.  When  the  device  is  operating  in  MODE  0,  it 
indicates  whether  I  DATA  or  Q  VlKTK  vtW&l^mM  TtAtKm^'Tn  MODE  1,  Q 
DATA  is  available  at  this  pin. 

'■  Syifc&lQtiizfitibii  oui^t  tsk  fti/c^BS  I  and  Q  data  at  the  receive  interface. 
Output  dock  for  the  receive  section  interface. 

This  digital  input  cdiltrols  ibe  oiitput  3-state  drivers  on  the  receive  section  interface.  When 
it  is  High,  the  outputs  are  enabled.  When  Low,  thnrve  in  high  impedance. 
Calibration  control  pin  for  digital  filter  sectiC^f^hiSwrought  high,  for  a  minimum '<if 608  ' 
master  clock  cycles,  the  receive  section  (^|j[s'8  calibration  cycle.  Where  I  and  Q  ofi&et 


registers  are  updated,  when 
subtracted  out  from  sul 
operation.  ^  ^1^^ 

Digital  control  input.  WnA 
tied  to  Vrej.)-  MZERO^ 


ght  low  again,  with  offset  values  which  are 
should  remain  Low  durii^  normal 


.^^^sl 


:or  input  is  internally  grotmded  (i.e., 
,,  allows  on-chip  offsets  to  be  calibrated 


27,  24 


out.  Lffw^r  normal  operatioil. 
';  ]few«fr-&wn  control  inputs  for  receive  sectiwiiWhen  high,  the  receive  section  goes  into 
^  .^tandby  ^pde      draws  minimal  current .  kjP^FEPi  and     SLjEBPjj  must  be  exte^mdlj^ 
hardw^^to^C^'Mf  normal  device  ogpra^n. 

AUXILIARY  INTERFACE  AND  CONTROL    \  ^''^       '    •  ^ 


Rx  SLEEP,, 
Rz  SLEEP, 


32  AUX 
LATCH 

31  AUX  CLK 

33  Aitt'^ffiUS- 


Synclironization  input  fo^j^  auxiliary  DACs'  sliift  register  and  AUX  OUT. 

Qock  input  for  the  auxiliary  DACs'  16-bit  shift  register.  AUX  DATA  is  latched  on  the 

felling  edge  of  AUX  CLK  while  AUX  LATCH  is  low.  :  7  !  A 

Dam  input  for  the  AUX  DACs.and  the  AUX  f  LAG  serial  interface. 

Digital  output  flag,  this  can  be  used  as  a  d^td  ciSntnd  output  and  is  controlled  &om  die 

amdliatyiaai*l:iia«^e&  ^  :.      :,t::\u.>-^:  ■  ' 


TEST 
8,26 


Test  1,  Test  2 


Test  pins  for  factory  use  only.  These  pins  should  be  left  uncblke^led'iald'not  used  as  routes 
for  other  circuit  signals. 

14»>43  •ssaaim  nMWMi^Mltm        o|{hiiri^.'^^fi3ls4sa«*t>e  tied  to  powMl%i^nMd  device  apem£^ 


Hfto  InDarmsUon  applies  to  a  prodiret  under  development  lis  characteristics  and  specifications  are  subject  to  Change  withouf  notice. 
Analog  Devices  assumes  no  obligation  regardingrfiitilM4il«inuftwWr0)vinl«»^^c^  writing.      -  js  ,.  : 
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LC^MOS 

Baseband  I/O  Converter 


AD7005 


FEATURES 

Single  +5  V  Supply 

2-Channel  Sigma-Delta  ADC 

2.33  MHz  Sampling  Rate       r.nM  ■ 

Simultaneous  Sampling 

Digital  Fiher  (22  kHz  Bandwidth) 
2-Channel  10-Bit  D/A  Converters 

1M.4  kHz  Update  Rote 

SimultaiMous  Update 

4th  Order  Baaael  Lom-Pm^mm*' 
3  Auidllary  D/A  Converters 
Fast  Interface  Port 
Power  Down  Modes 
On-Chip  Vottage  Reference 
44-?^  PQFP 

APPLICATIONS 
TIA  Digital  Cellular  Telephony 
Private  Mobile  Telephony 
Signal  Generation/Acquisition 
FSK,  PSK  Demodulation 


GENERAL  DESCRIPTION 

The  AD7005  is  a  complete  low  power,  two-channel,  input/ 
output  port  with  signal  conditioning.  The  device  is  utilized  as  a 
baseband  digitization  subsystem  performing  signal  conversion 
between  the  DSP  and  the  IF/RF  sections  in  the  American  digi- 
tal ceUular  tel^hone  sjrstem. 

The  transmit  path  contains  two  high  accuracy,  fast  DACs  with 
output  reconstiuction  filters.  The  receive  path  is  composed  of 
two  high  petfonnance  sigma-delta  ADCs  with  digital  filtering.  A 
common  bandgap  reference  feeds  the  ADCs  and  signal  DACs. 

Three  control  D^C^^AUX  DACl  to  AUX  DAC3)  are  included 
AGC  taA  tnmamit  power  control. 

all  mobile  systems  to  use  the  lowest 
device  has  power  down  or  sleep  options, 
tal  channels  has  an  independent  power 

controlT^  ~ 


m^^^lj       All  the  device  control  logic  is  contained  on-chip. 


llpWeS  is  housed  in  44-pin  PQFP. 


This  information  applies  to  a  product  under  development.  Its  characteristics  aiid  specifications  at*  subject  to  change  Wfthout  notice. 
Analog  Devices  assumes  no'Obllgation  regarding  future  manufacture  unless  otherwise  Agreed  to  in  writing. 
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'SignaTInput  Span 
Sampling  Rate 
Output  Rate  i  yMl'k 


Accuracy 

Integial 

Difkiential' 
-  Bias  Offset  Error  ^  +25°C 

Tmin  to 

Input  Resistance  (dc)       ^iiouj  '■ 

Input  Capacitance 
Dynamic  Specifications 

Dynamic  Range 

Signal  to  (Noise  4-  Distorticm) 
Gain  Matcb  Betneoi  i^MHaldt 
Frequency  Reapoise      "f-  •  ' 

0-17  kHz 

19  kHz 

21  kHz 

35  kHz 

>97.6KH2 
Group  Delay  Between  Channels  (0-21  kHz) 
Coding 

Absolute  Group  Delay  Linearity  (0-21  kHz) 
Power  Down  Option 


bqmt  Fi«qc^^i«  12,15  kHz 


TRANSIVIIT  DAC  SPEOnCATIONS 
Resolution  ''■>-'''  '*'- 

Number  of  Channels 
DC  Accuracy 
Integral 


Output  Signal  Span 
Output  Signal  Span  Accuracy 
Offset  Eiror 

Gain  Matching  between  Channels 
Delay  Matching  between  I  and  Q  Channels^ 
Power  Down  Option 
Update  Rate 

Transmit  Filter  Frequency  Response 
Attenuation  at  19.4  kHz 
97.2  kHz 

194.4  kHz  J 
^nukms  Ontiiat  Specif  ' 


<3 
>18 
'>46 
<S0 


dBtyp 
dBtyp 
dBtyp 
dBc  typ 


.^Du||^S^  Monotonic 

Centetiid  on  2.3  V  Nominal  (10  kfV^ ,pF  Load) 
12.15  kHzw.r.t.  2.3Vpk-pk 
do  000  000  Loaded  to  DAC 


Aieasured  @  12.15  k&' 
Independent  d  Receive 
4x  Oversanq^bng 


When  Producing  a  Sine  Wave  of  12.15  kHz  on 
Output  with  Receive  Side  Inactive  and  over  the 
Fiequen(7  Band  OMEb  to  2.33  Mifi 


AUXILIARY  DAC  SPECIFICATIONS 

Resolution 


DC  Accuracy 

Integral 

Differential 

Offset  Error 

Gain  Error 
LSB  Size 

Output  Signal  Span 
Output  Impedaitce 

Coding 
Power  Down 


AUXl 
9 

±4 

±1 

±2 

±4 

4.49 

OtoV„ 

10 

8 

Binary 
Yes 


AUX  2  AUX  3 
10  8 


±4 
±1 
±4 
±4 
2.24 


±2 
±1 
±1 
±2 
8.98 


OtoVxEF  OtoVRHF 

10  10 

8  8 
Binary 


Bits 

LSB  max 
LSB  max 
LSB  max 
LSB  max 
mV  typ 
Volts 
kn  max 
kntyp 


Yes 


Binary 
Yes 


Guaranteed  Monotonic     - 1  ' 


Unloaded  Output 

AUX  DACs  Have  Unbuffered  Resiative  CMt^Ms. 


Power  Down  Is  Implemented  by  Loading  All  Os. 


REFERENCE  SPECIFICATIONS 
REF  OUT,  Reference  Output 
REF  OUT,  Reference  Output  @  +25°C 
Reference  Tempetaturt;  Coeffiaeut 
Reference  Vaiiation'  '      „  ..       '  ' 
Output bi^edaiice     ■  --  -  -  ■  „ 


2.2/2.3 
2.3 
TED 
±5 


V  minA'  max 
Vtyp 
ppmA;  typ 
mV  max 


Rl  =  100  kn,  Cl  =  1  nF 
Ri.  =  100  kn,  Cl  =  1  nF 


This  information  applies  to  a  product  under  developnnent.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  In  writing.  . 
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AD7005 


Parameter 

AD7005A 

Units 

Test  Conditians/Caiimenti 

LOGIC  INPUTS 
ViNH,  Input  Hi^  Voltage 
Vun,*  Input  Low  Voltage 
IfSHs  Input  Current 
Cjff,  Input  Capacitance 

Vdd  -  0.9 

0.9 

10 

10 

V  min 

V  max 
iiA  max 
pF  max 

;>»e£  =  .T                   -St  .7 

LOGIC  OUTPUTS 
Vqh,  Output  High  Voltage 
Vqlj  Output  Low  Voltage 

4.0 
0.4 

Vmin 
Vmax 

|Iotrr|s200juA 

llooiirsUnir                                        "  ' 

POWER  SUPPLIES 
Idd 

All  Sections  Active 
ADC  and  Atixiliaiy  Paths  Active 
Transmit  DAC  and  Aux  Paths  Active 
Anxiliaiy  Path  Only  Active 

25 
13 
12 
2 

y  npo/V  max 
Vibin/Vmax 

mA  max 
mA  max 
mA  max 

Tx  SLEEP  =  "1" 

Rz  SLEEP,  =  Rx  SLEEPj  =  Vbd 

Tx  SLEEP  =  "1";  Rx  SLEEP,  =  Rx  SLEEP,  =  Vdd 

NOTES 

'Operating  temperature  ranges  as  follows:  A  Version:  -WC  to  +85''C. 
^nmeasurable:  sigma-delta  conversion  is  inherently  free  of  differential  nonlinearities. 
^>efined  as  the  delay  betweoi  Vkep  tranutum  on  ^  I  and  Q  oin^t  as  each  DAC  is 
Spedficatkms  subject  to  change  whhout  notice. 


Vto  +6  V 

<k:%*:  ■•♦0-3  V  to  +6  V 

•.%l^.^B*o.3  V  to  +0.3  V 
-0.3  V  to  DVdd  +  0.3  V 


ABSOLUTE  MAXIMUM  1 

(T^  =  +25°C  unless  otl 

DVoDtoAGND  .AW 
AVDDtoAGN%.  W 

AGND  to  wmm  .  3.. 

Digital  Input  Voltage  to  DGMD 
Analog  Input  Voltage  to  AGND  .  .  .  -0.3  V  to  AVdd  +  0-3  V 
Input  Current  to  Any  Pin  Except  Supplies^    .  .  r^.  .  +10.nA 
Operating  Temperature  Range; 
Commercial  Plastic  (A  Version)  ....  -40°C  to  +85°C 

Storage  Temperatiure  Range  -65°C  to  +150°C 

Lead  Temperature  (Soldering,  10  sees)  +300°C 

Power  Dissipation  (Any  Package)  to  +75°C    450  mW 

Derates  Above  +75"C  by  10  m'V/°G 

NOTES 

'Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
opeiatioa  of  the  device  at  those  or  any  other  conditions  above  iliose  listed  in  the 
qpesaiiaaal  seciioiis  (^this  qiedfications  is  not  implied.  Exposure  to  absolute 
mafiinimi  nilin|  oonditioiis  fur  errcnded  periods  may  affoct  device  leliability. 
'~     '  eiiMiMii  of  spib  100  siA  will  not  cause  SOI  iRStep.  onv.Tn  v  ' 


CAUTION  :  .   

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  imconnected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  ibam 
should  be  discharged  to  the  destinatiea  socket  bdore  devices  ate  removed.  


TWsdnfermation  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 


RSV.  0 


COMMUNICATIONS  PRODUCTS  4-77 


AD7005 

INPUT  CLOCK  TIMING  SPECIFICATIONS 


]  (AVoB  =  +5  V  ±  5%;  DV„  =  +5  V  ±  5%; 
T«  =  Tmih  to  T|Mx,  unless  otheiwise  stated) 


=  0  Vj 


Parameter 

Limit  at 
Ta  =  25"C 

Limit  at 

Ta  =  -4<rc  to  +ffi«C 

Units 

Descriptioii 

ti 

t3 

300 
100 
100 

300 
100 
100 

ns  mill 

CLKl,  CLK2  Cycle  TinK 
CLKl,  CLK2  High  Time 
CLKl,  CLK2  Lqw  Time 

ns  min 
ns  min 

AUX/SIGNAL  DAC  TIMING  2s?^>!" 


illi  =  0V,iiiiless8liiir' 


Limit  at 

Limit  at 

Parameter 

Ta  =  25»C 

Tx  =  --trc  Id +t8x: 

Units 

Description 



100 

100 

ns  min 

Tx  CLOCK  Cycle  Time 

ts 

40/60 

40/60 

%  max 

Tx  CLOCK  Duty  Cycle 

60/40 

60/40 

%  max 

40 

40 

ns  min 

Tx  DATA  to  Tx  CLOCK  Setup  Time 

50 

50 

ns  min 

Tx  DATA  to  Tx  CLOCK  Hold  Time 

tg 

50 

50 

ns  min 

STROBE  to  Tx  CLOCK  Setup  Time 

t9 

40 

40 

ns  min 

STROBE  to  Tx  CLOCK  Hold  Time 

tio 

i6(t.  +  y 

16  (t^  +  t,) 

ns  min 

STROBE  Duration 

til 

20 

20  ^ 

i^min 

DAC  SELECT  to  DAC  STROBE 
Setup  Time 

tl2 

20 

i  DAC  SELECT  to  DAC  STROBE 

Hold  Time 

CUCt,  CLK2  (I) 


^gure  1.  Clock  Timing  ',j<i-- 


T« 
DATA 


DAC 
SELECT 


 '^^J^    MB    X    °B»  i.   PB13  X   ■»t4   X   ■»»  If 


Rgure  3.  Aux/Signal  DAC  Timing  piagram 
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RECEIVE  SECnOHTIMIMG 


(AVoo  =  +S  V  ±  5%;  DV,o 
Ta  =  Tmii  to  T|TO.  unless 


+5  V^±  5%;  MUD  =  DGNP  =  0¥,  ^jBa^J«g.=iMI'H?!_ 
stated)  H"!  ury 


Ljmit  3t 

Units 

DesciqitifHi 

0 

'  0    ■'  ■ '      '  -  • 

ns  mixi 

lU'SlJB^       time  After  CLKI,  CLK2  HS^ 

tl5 

25 

25 

US  min 

Rx  SI^^        Time  B^ioie         CKlQ'  l£gh 
Rx  SYNC  to  Rz  SLE^  assened.  See  Mot^* 

tl6 

0 

0          r  r 

US  min 

15t, 

15t, 

ns  max 

RATEO 

39t. 

39t. 

US  max 

RATEl 

tl7 

Rx  CX,K  Active  aflo:  CLKl  Ri 

Following  Falling  Edie'#^ 

:..-ro,„.  ... 

>^«*-  ■ 

RATEO 

iT  1 

32 

32 

RATE  1 

Rx  CLK  Cycle  Time 

xry 

tl 

t, 

MODEO 

2t, 

2t, 

ns 

MODE  1  g 

Rx  CLK  tlH^^yU  WidA 

MODEO    st  ^■ 
MODE  1    ,  "''^ 

30 

*i 

30 
90 

ns  min 
ns  min 

ta  . 

Rx  CLK  Low  Pulse  Width 

S31  1- 

30 

30 

ns  niin 

MODEO 

30 

30 

J,  flIS  BlBl 

MODE  1 

25 

\  ns  max 

Propagation  Delay  from  CLKl,  CLK2  Hi^  to  Rx  CLK  High 

t22 

20 

ns  max 

Rx  SYNC  VaUd  Prior  to  Rx  CLK  Falling. 

t2j 

tl 
2ti 

Rx  SYNC  High  Pulse  mith 

MODEO 

MODE  1 

Rx  SYNC  Cycle  Time 

24t, 

ns 

MODE  0  RATE  0 

12t, 

°^ 

MODE  0  RATE  1 

4gti 

48ti 

ns  ■  ji* " 

MODE  1  RATE  0 

24t, 

24t, 

ns 

MODE  1  RATE  1 

t25 

15 

15 

ns  min 

Rx  DATA  Valid  After  Rx  CLK  Rising  Edge 

t26 

15 

15 

ns  max 

Propagation  Delay  from  Rx  CLK  Rising  Edge  to  I/Q 

tl7 

10 

10  , 

nsmax 

Digital  Output  lUse  Time' 

10 

' '  ns  max 

D^tal  Output  Fall  Time' 

CAUBRATION  AND  CONTROL  TIMING 


(AVdd  =  +5  V  ±  5%;  DVoD  =  +5  V  ±  5%;  AGND  Tx  =  AGND  Rx  = 
0  V,  fciKi,  fcuu  =  2.33  MHz,  =  2.S  V;  =  to  Twu.  unless 
othemlse  stated) 


Parameter 

Limit  at 
Ta  =  25°C 

Limit  at 

Ta  =  -A(PC  to  +85X 

Units 

Description 

tj9 

25 

25 

ns  min 

Rx  SLEEP  to  CAL  Sen^  T^ur  >*.G 

tw 

608ti 

608ti 

ns  min 

CAL  Pulse  Width 

^1 

1  4S^rv^.: 

ns  min 

RATE,  MODE  or  3-STATB  ENABLE  Setup  Time 

NOTES 

'Sample  tested  at  2S°C  to  ensure  ooll^liUiitfe'All  input  signals  are  specified  wilh  tr  =  tf  =  S  ns  (10%  to  90%  of  S  V)  and  ^laed&mS^iitiiiiiml  of  1.6  V.  ' 
'Digital  output  rise  and  &11  tiina  4ie(%  die  time  required  for  the  output  to  go  between  10%  and  90%  of  S  V. 

species  a  window,  attialBtx  »MC  which  nurica  the  bcgimiiiig  of  I  data,  where  Rx  SLEEP  should  be  asserted  for  the  cunent  IQ  data  pair  to  be  last  prior ' 
1o  ^twHwfl  SLEEP  mode. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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Number  AtneuHmic 


Funetioa 


POWER  SUPPLY 


28 
37 

4,  15 
7,  16 


AVdd 
AGND 

DGND 


Positive  power  supply  for  analog  section.  This  is  +5  V  ±  5%. 
Analog  ground. 

Positive  power  supply  for  digital  section.  This  is  +5  V  ±  5%,  both  DVdd  pins  must  be 
tied  together.  ' 
Digital  ground;  both  DGND  pins  must  be  tied  together.  " 


ANALOG  SIGNAL  AND  REFEI^NCE 
5  ITx 


39 

42,40 
41 

2 

43,1 
44 
34 
36 
35 
38 


mx 
k:i.ic3 


m 

QRX 
QCl,  QC3 

QC2 

AUX  DACl 


Analog  output  for  the  I  (In-phase)  channel.  This  ouqnit  cinmes  from  a  10-bit  DAC  and  is 
filtered  by  a  4th  orc  er  Bessel  low-pass  filter.  '  ; 

Analog  output  for  t)ie  Q  (Quadrature)  channel.  This  output  o6mes  fiiim  a  10-bit  DAC  and' 
is  filtered  by  a  4th  order  Bessel  low-pass  filter. 
Analog  input  for  the  I  lecdve  bbiosel. 

An  external  capacitor  can  be  connected  between  theag  two  pins,  in  order  to  configure  th^  t 
chaimel  input  conditioning  circuit  as  a  Sallen  &  K^Aecond  order  low-pass  filter. 


Otherwise  these  pins  should  be  left  < 
An  external  capacitor  can  be  ( 
channel  input  conditici 
.Qtl;^pmse  diese  ] 


and  AQND,  in  orda  t^owfigure  the  I 
second  (Mxler  hnF>|N||^ffliie. 


AUX  DAC3 
4.V.  SWR  , 
fiEFOUT 


these  two  pins,  in  order  to  configure  the  . 
&  Key  secraid  order  low^inas  ifiter. 

I  .  "t  ! 

and  A(^CO>  to  inder  to  configure  the- 
ft Key  seibnd  order  low-pass  filter. 

drcuit. 

Analog  nhpnt  voltagevpinlp9-bit  amdliaiy  DAC.  This  is  a  voltage  mode  DAC  with  a 
high  output  impedance^irhence  should  be  buffered  if  used  to  drive  moderate  impfdance 
loads. 

Analog  output  voltage  from  the  10-bit  auxiliary  DAC.  This  is  a  voltage  mode  DAC  with  a 
high  output  impedance  and  hence  should  be  buffered  if  used  to  drive  moderate  impedance 
loads. 

Analog  output  voltage  firom  the  8-bit  auxiliary  DAC.  This  is  a  voltage  mode  DAC  with  a 
high  output  impedaocf  and  hep^e  should  be  buffered  if  used  to  dmeiBCitaae  impedance 
loads.       ■'  "       ^  ^ 


Rdferencie  oul}mt,.t^s  is  2.$  vii^  n«( 


TRANSMIT  AND  AUXXUARY-INTORFACE  AND  CONTROL 

8,  11  CLKl,  CLK2  Master  clock  inputs  for  both  the  transmit  and  receive  sections.  CLKl  and  CLK2  must  be 

exteinaUy  hardwired  together  and  driven  finttb  a  2.33  MHz  TTL  compatible  ciystid. 

31  DACSMDK  DAC  latch  strobe,  digital  input.  When  DAC  STROKE  is  brought  low,  it  enables  the 

-16-bit  shift  register  to  be  loaded.  On  the  rising  ed^^tf  DAC  STROBE,  the  contains  of  tfa« 
'        '  shift  register  is  tfansfetred  to  eitlier  the  I  and  Q-latcbes  or  to  the  auxiliary  DAC  latdies, 

depending  on  DAC  SELECT. 

32  DAC  SELECT  DAC  SELECT,  digital  input.  DAC  SELECT  determines  whether  the  transmit  DACs  or 

the  auxiliary  DACs  arc  being  updated  when  loading  the  16-bit  shift  register. 
30  Tx  CLK  Transmit  clock,  digita  input.  Serial  data  bits  are  loaded  into  the  16-bit  shift  register  on 

the  rising  edge  of  Tx  CLK  while  DAC  STROBE  is  low. 

33  Tx  DATA  Transmit  data,  digital  input.  This  input  is  used  in  conjtmction  with  Tx  CLK  and  DAC 

STROBE  to  load  the  16-bit  shift  n^«-. 


I 

This  information  applies  to  a  product  under  development  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
Analog  Devices  assumesii>a:obligatioi>  fe8wdiiW,'iutu»!]minufa^(iafURlBSS:9tiiain^^  ««c>iv»3 


mm  msfmmamsmmemmm 


A07005 


PQFPPin 
Number 


Mnemonic 


Function 


RECEIVE  INiEStFAQE  AND  CONTROL 
13  MODE  ' 


12 


18 


19 


20 
21 
22 

23  - 


29 


27,24 


TEST 
8,26 

14 


RATE 


I/Q  (Q  DATA) 


RxSYNC 
RxCLK 

3-STATE  CONTROL 

■ttsL  '■■ 


MZERO 


Rx  SLEEP],  Rx  SI 


Test  1,  Test  2 
Test  3 


'Digital  control  injtut.  When  high  (MODE  1),  the  1  iiid  Q  ovitpats  afe  on  separate  pins  (Q 
DATA  and  I  DATA),  men  low  (MODE  0),  I  and  Q  are  on  the  same  pin  (Rx  DATA). 
Digital  control  input.  This  deteimines  whether  the  receive  section  mterface  Operates  at  a 
•m^iim  df>^>2       or  at  a  word  rate  of  48.6  kHz.  When  1^  (RATS  1),  the  oatput 
wtiitd'      is'97.2        When  low  (RATE  0),  the  output  word  rate  is  48.6  kHz. 
This  is  a  dual-ftUkc^Ctn  digital <Altput.  When  the  device  is  operating  in  MODE  0,  the 
Rx  DATA  (both  t  and  Q)  is  available  at  this  pin.  When  the  device  is  operating  in  MODE 
1,  only  I  DATA  is  available  at  this  pin. 

This  is  a  dual-function  digital  output.  When  the  device  is  operating  in  MODE  0,  it 
indicates  whether  I  DATA  or  Q  DATA  is  present  on'Rx  QtS^TA^.  In  MODE  1,  Q 
DATA  is  available  at  this  pin. 

Synchronization  output  for  framing  1  and  Q  data  at  the  receive  interface. 
Output  clock  for  the  receive  secdon  interface,  i 

This  digital  input  controls  the  outputSr^t^nvers  on  the  receive  section  interface.  When 
it  is  high,  the  outputs  are  enabledi  wfcB>lBW,^iey  us  in  high  impedance. 


Calibration  control  pin  fw  < 
master  clock  cycles,  I 
registers  are  updat^ 
are  subtracted! 
normal  operatic 
tal  cwitrottnput. 

to  vIIf).  M^eI 

Low  for  noriuaf  ( 
'ower  down  control  input! 

exnnal94mnlwi||fl 


.  Whtifi^ti^it'hi^i'for'a ihinimum  of  608 
fentcn  a  calibration  cycle.  Where  I  and  Q  offset 
ht  low  again,  with  offset  values  which 
goa%  (^I«  jglieHU/einain  low  during 

pifclmnalog  modulator  ii^t^  '^gg^^j^ipsm^S^fhS 
with  CAL,  allows  ii%<j||^{gpi|^^  ol^atsd.; 

son.  When^high,  the  receivs  section  gocsiinto  . 
nt.  Rx  ^OMi  «BA»*■^%U^^^g>lm\»  t.  li. 
r  normal  device  operation.  „...,.^t.,i  ,  , 


Test  pins  for  factory  use  only.  These  pins  should  be  left  uncoimected  and  not  used  as  ' 
routes  for  other  circuit  signals.  ^  * 

Test  pin.  These  must  be  tied  to  groimd  for  normal  device  operation.        '  '  ii 


PIN  CONFIGURATION 


QC3  1C 

onx  2C 

OTX  irT~ 

DVpo4C 
ITx  5C 
NO  6C 
DGND  7C 
CtKI  8C 
TEST1  9C 
NCIOC 
CLK211C 


AD700S 

TOP  VIEW 
(Not  lo  Scale) 


□  33  T«  DATA 

□  32  DAC  SELECT 

□  31  DAC  STROBE  j 
I]  30  Tx  CLK 
3  29  MZERO 

□  28  AVqp 
~r~1  27  Rx  SLEEP, 

□  26  TEST  2 

□  25  NO 

□  24  Rx  SLEEP: 

□  23  CAL 


iil  ■ . 


N  n  ir  in  I 


gp  §i  S<  5  g  53 


=  a 

'  '9 


NC  =  NO  CONNECT 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
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TERMINOLOGY 
Signal  Input  Span 

The  input  signal  range  for  the  I  and  Q  channels  is  biased  about 
Vref-  It  can  go  ±1.25  voJts  f^ut  ^  f>^-j  ;  r{.  i,)  , ; '  - 
Sampling  Rate  i  :  -  ; 

This  is  the  rate  at  which  the  sigmatddta  motb^btois  «i  ^  .  , 
receive  channels  sample; the aaal^jpputf      :    t.  ,l  :  - 
Output  Rate  '  '  '  -  •  .  . 

This  is  the  rate  at  which  data  words  are  made  avdkble  at  the  > 
Rx  DATA  pin  (Mode  0)  or  the  I  DATA  and  Q  DATA  irins 
(Mode  1).  There  are  two  rates:  RATE  0  and  RATE  1.  When 
operating  in  RATE  1  the  ou^ut  word  r^e  is  equal  to  97.2  kHz, 
and  is  equal  to  48.6  kfig^fSmmU'oo  I'r--'  'J  f 
Integral  Nonlinearity 

This  is  the  maximum  deviation  from  a  straight  line  passing 
through  the  endpoints  of  the  DAC  or  ADC  transfer  function. 

Differential  Nonlinearity 

This  is  the  difference  betoeen  the  measured  and.  the  ideal 
1  LSB  chan^  between  (;pitw^.a4H>P^t  CwI^Id  <bsX>AC  qr 
ADC. 

ffias  Ofibet  Etror '  ' 

This  is  the  offset  enxir  (MiI>^^4B  t]ii»APC«e^i(in. 
Dynamic  Range 

Dynamic  Range  is  the  ratio  of  the  I 
the  smallest  output  signal  the  convdrtei:  ( 
expressed  logantbmicall;,  in  decibels  ( 
an  N-bit  convener,  the  ratio  is  1 
2N  (in  dBi  2(aflogi^2)  ^  6.(QN>i  1 
value  is  degraded  by  coDTerteT  i 
LSB  weight. 

Signal  to  (Noise  +  Distortkn)  Ratio 

This  is  the  measured  ratio  of  signal  to  (noise  +  distortion)  at  the 
output  of  the  receive  channel.  The  signal  is  the  rms  amplitude 
of  the  fimdamental.  Noise  is  the  rms  sum  of  all  nonfundamental 
signals  up  to  half  the  sampling  frequency  (fs/2),  excluding  dc. 
The  ratio  is  dependent  upon  the  number  of  quantization  levels 
in  the  digitization  process;  die  mote  levds,  ibe  smaller  the 
quantization  noise.  The  dieotetical  sipul  to  (noiae  +  distorticm) 
ratio  fEir  a  ane  wave  is  given  by: 

smammm*Mmm$'^i6.mi  + i.76)dB 

Absolute  Group  Delay 

Absolute  group  delay  is  the  rate  of  change  of  phase  versus  fre- 
quency, d(Vdf.  It  is  ei|ire»ed  in  microseconds. 


Group  Delay  Linearity 

The  group  delay  linearity  or  differential  group  delay  is  the 
group  over  the  full  band  relative  to  the  group  delay  at  one  par- 
ticqiar  fiequency.  The  reference  frequency  for  the  AD700S  is 
IMSt...  ■     ^      ,  ..  _i 

Qtpi^DeisqtJdWceB  Channels 

Ihg  isr  dife  ^Sttm*  between  the  group  delay  of  the  I  and  Q 
^Mimds  8ii^.ig.  ji.iB^sure  taf  tjjejg^p^  ■tn!r|ij;is8:<j'M»c'»'^'=* 
.,af  ibe  tm>.  .  T  ■]  . 

Setding  TUme  ' 

This  is  the  digital  filter  settling  time  in  the  AD700S  sigma-delta 
modulator  section.  On  initial  power  up  or  after  returning  fiom 
the  Sleep  mode,  it  is  necessary  to  wait  this  amount  of  time  to 

get  useful  data.  .  k^T^  jA 

Output  Signal  Span 

This  is  the  output  signal  range  for  the  transmit  channel  section 
and  the  auxiliary  DAC  section.  For  the  transmit  channel,  the 
span  is  ±  1 .25  volts  centered  on  2.S  volls  and  otudtiary  ^ 

DAC  section  il^  feo  -;t  Vref- 
Oiitpa^  S%na|MHocale  Accuracy 

of  ^  full-scale  output  (all  Is  loaded  to  the 
cKm|^  and  is  exinessed  in  dBs. 

^ofGset  in  the  transmit  DACs  and  the  auxil- 
egqnessed  in  mVs  for  the  trnsmit  wsian  and 

section. '  i  5  :.'jaa.K  xa         f  " 

output  error  between  an  ideal  DAC  and 
output  with  all  Is  loaded  after  offset  error  has  ' 
t  and  is  expressed  in  ;LS^  bfA^  AD700S,  i- 
gain  error  is  specified  for  the  amdliaiy  section. 

Output  Impedance  ^ 
This  is  a  measure  of  the  drive  capaSBty  oTfie 
out|idt^  aiid  is  expressed  in  kfls. 


DAC 


i  - 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice. 
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CIRCUIT  DESCRIPTION 
TRANSMIT  SECTION 

The  transmit  section  of  the  AD7005  performs  the  baseband  con- 
version of  I  and  Q  (In  phase  and  Quadrature)  waveforms  for  the 
TIA  Digital  cellular  communications  system.  The  transmit  chan- 
nel consists  of  two  10-bit  DACs,  followed  by  4th  order  Bessel 
reconstruction  filters. 

Transmit  DACs 

The  lO'-bit  DACs  can  be  used  to  perform  the  conversion  of  I 
and  Q  waveforms  when  inqilementing  ir/4  DQPSK  modiilatian 
in  accordance  with  the  TIA  digital  telephony  standard.  When 
Tz  SLEEP  is  Set  (DB13  =  "1"),  the  transmit,  section  powers 
downy»il|i  J[lte  I     and  Q  Tk  ouq>uts  (. 
diroui^  a  naminal  impedance  of  80  kO. 

Rsconstiiiction  RIteTS 

The  reconstnied&  fitters  sifiooiih  the  DAC  output  signals, 
providing  continuous  time  I  and  Q  waveforms  at  the  output 
pins.  These  are  4th  order  Bessel  low-pass  filters  with  a  cut- 
off frequency  of  approximately  19.4  kHz.  Figure  S  shows  a 
typical  transmit  filter  frequency  response,  while  Figure  6  shows 
a  typiod  plot  of  i^»if^4<^y  .versus  frequency.  The  filters  are 
designed  to  have  a  lim^  'piiiise' Response  in  the  pa^band  ' 
due  to  tbe  reeaifiH»ieiiail'fite»'  ^ng  en^-diq),  the 
mismatch  between  ^  i  iiS#Q''tnbuiMt'  c! 


Digital  Interface 

Mode  0  Inurfacmg,  DAC  SELECT  =  "0" 
In  Mode  0  interfacing,  both  the  transmit  DACs  and  auxiliary 
DACs  can  be  updated  usmg  a  three-pin  serial  interface.  The 
16-bit  serial  roister  is  q^anized  into  a  data  field  (DB0-DB9) 
and  a  control  field  (tffilO-DBIS).  Data  is  clocked  into  a  16-bit 
shift  register  on  the  rising  edge  of  each  Tx  CLK,  MSB  first, 
and  is  framed  by  the  DAC  STROBE  signal.  On  loading  the 
16-bit  serial  register,  the  DAC  STROBE  signal  is  brought  high, 
preventing  any  further  clocking  of  the  serial  register  and  updates 
the  selected  latch.  Control  bits  DB13-DB15  relate  to  the  trans- 
mit I  and  Q  transmit  DACs,  and  DB13  determines  whether  the 
transmit  section  is  active  (DB13  =  0)  or  in  sleep  mode  (DB13 
=  1),  vrhile  control  bits  DB14  &  DBlS^%ita^#ll£^isjdividual 
knding  of  the  I  and  Q  lO-tnt  latches. 

In  ordeE.to  wnatttam'M^liyj  xip^axe  ;tbe  I  ,md^Q  latches,.a  buffer 
latch  is  provided^DBiponrily  store  the  contains  for  the  Q  latch. 
When  DBU^^      DBIS  =  0,  the  contains  of  the  data  field 
(DBO-^^M^Iknsferred  to  a  Q-bu£fer  latch.  When  DB14  =  1 
L%p||]^f  W,  the  contains  of  the  data  field  is  transferred  to 
e  1  latch  and,  simultaneously,  the  contains  of  the  Q-buffer 
latch  is  transferred  to  the  Q  latch  on  the  rising  edge  of  DAC 
STROBE.  He^Ks(if%btain  simultaneous  loading  of  the  I  and  Q 
DACs,  one  mast  first  load  the  Q  buffer,  then  load  the  I  latch. 


JA  UAl 

1 


S4ITAUXIMC3 


3S  rJ^lii  9irt. 


s-err  aux  latch 


DAC  SELECT - 
DAC  LATCH  - 


ItATSHIFT  REGISTER 


DB10  DB11  DB12  DB13        DB14  DB15 


Tx  DAC  SELECT 


lO-BIT  a  BUFFER 


3- 


ILATCH  < 


lO-BITO  LATCH 


IS-Brr  Q  DAC 


Rgure  4.  Logical  Represenmiof}  of  ttie  TransmU/AuxUtary  InterftKX  whan  DAC  ^LECTis  Low 
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Figure  B.  Transmit  Filter  Frequency  Response 


Mode  1  Interfaang,  DAC  SELECT  =  "1" 
Mode  1  interfacing  provided  direct  access  to  the  transmit  DACs 
but  only  8  of  the  10  bits  are  available.  If  the  DAC  SELECT  pin 
is  high  prior  to  DAC  STROBE  falling  then  the  16-bit  serial  reg- 
ister is  organized  as  two  8-bit  words.  The  lower  8  bits 
(DB0-DB7)  are  mapped  to  the  I  DAC  and  the  higher  8  bits 
(DB8-DB15)  are  mapped  to  the  Q  DAC.  The  2  LSBs  of  each 
DAC  are  internally  grounded.  Data  is  loaded  serially  via  the  Tx 
DATA  and  Tx  CLK  pins,  as  illustrated  in  Figure  3.  Data  is 
docked  into  a  16-bit  shift  register  on  the^sing  edge  of  each  Tx 
CLK,  ii^  telt  pii  ^-ftmechbrAe  if 


Figure  6.  Transmit  Filter  Group  Delay 

Once  the  16  bite  heive  been  loaded,  the  rising  edge  of  DAC  . 
STROBE  upfllrtCT  ltoth  I  an4Q  transoiit1gA&^^ 

Fi^n»  7  logically  imrents  the  serial  interface  when  DAC 
'  :  0  interiadng,  the  transmit 

Tmode  by  setting  a  coaural  bit  (JDMS)  ' 
Fregister  when  in  ModeO  #116  SELECT 


DAC  SELECT - 
DAC  LATCH  - 


■  TlcDATA- 


tC  STROBE  signal. 


-  — JlO*T 
 KTMif 


Figure  7.  Logical  Representation  of  the  Transmit  Interface  when  DAC  SELECT  is  High 
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inru  1  i^unm  I  lUMlNU  CIRCUIT 

An  input  condiuoning  circuit,  one  for  each  channel,  is  provided 
so  that  antialiasing  filters  can  be  implemented  on-chip,  if  required, 
and  they  can  also  be  used  to  provide  additional  »ttjenuation  near 
At  passband  of  die  digital  filter.  The  input  conditioning  circuits 
can  be  configured  as  a  second  order  low-pass  Sallen  and  Key 
active  filter  ^th  the  addition  of  only  two  external  capadtois. 
They  can  also  be  configured  as  noniibVerting  buffers  by  simply 
not  connecting  any  external  components-Figiffii  8  shows  typiad 
capacitor  values,  while  Figures  9  and  10  ^ow  the  firequency 
response  and  group  delay  for  these  capacitor  values. 

EXTERNAL 

CAPACITOR 

300pF 

.  .    IQ3/QC3    .  ,  ICl/QCl 

rHI-°- 


j;    1  ■ 

mum,,  loksi   

/Wo— wi— i-WV 


-6S.0 


i^oEtis  i.oE  +  oa'  1.0E  +  04  i;OE.>ag  itOE+oe  loe  +  o? 
Fre(|^nc)r  Response  for  Capieitors  Vatties 


Figure  8.  Equivalent  Circu, 


EXTERNAL 
^CAPACITOR 


and  QRX  Inputs 


^^Sdts^^reisi^^^  t^^J* 

12-bitWutput  for 
ine  imolemented 


SIGMA-DELTA  ADC 

The  AD700S  receive  channels  employ  a  sigma- 
technique  that  provides  a  high  resolution 
I  and  Q  channels  with  system  filtering  being  implemented 

on-chip. 

The  output  of  the  switched  capacitor  fQter  is  continuously  sam- 
pled at  1.165  MHz  (master  clocky2),  by  a  charge-balanced  mod- 
ulator, and  is  converted  into  a  digital  pulse  train  whose  duty 
cycle  contains  the  digital  information.  Due  to  the  high  oversam- 
pling  rate,  which  spreads  the  quantization  noise  from  0  to 
S82.S  kHz  (Fs/2),  the  noise  energy  contained  in  the  band  of 
interest  is  reduced  (Figure  Ua).  To  reduce  the  quantization  still 
further,  a  high  order  modulator  is  employed  to  shape  the  noise 
spectrum,  so  that  most  of  the  noise  energy  is  shifted  out  of  the 
band  of  interest  (Figure  lib). 

The  digital  filter  that  follows  the  modulator  removes  the  large 
out-of-band  quantization  noise  (Figure  He),  while  converting 
the  digital  pulse  train  into  parallel  12-bit-wide  tnnaiy  data.  The 
12-bit  I  and  Q  data  are  jmde  amiable,  via  a  serial  int«&ce,  in 
a  variety  of  formats. 

Digital  Filter 

The  digital  filters  used  in  the  AD7005  receive  section  carry  out 
two  important  fimctions.  First,  they  remove  the  out-of-band 
quantization  noise  which  is  shaped  by  the  analog  modulator. 
Second,  they  are  also  designed  to  peiform^lem  level  filtering, 
providing  excellent  rejection  of  the  neighboring  channels. 


1J)E*ltt  1J)E*03  ^JaE*M 


IjOitW  1.IIEi06'1J)6'*'07 


Figure  10. 
Shown 


BAND  Of 


Figure  7  7.  a)  Effect  of  High  Oversampling  Ratio. 

b)  Use  of  Noise  Shaping  to  Further  Improve  SNR. 

c)  yse  of  Digital  Filtering  to  Remove  the  Out  of  Band 
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Figure  12.  Frequency  Response  of  the  Receive  Digital 
Filter 
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Figure  13.  ADC  Tranafu-  ^'neHemfor  I  and  Q 
Receive  Channels 


Digital  filtering  has  certain  advantages  over  analog  filtering. 
First,  since  digital  filtering  occurs  after  the  A/D  conversion  pro- 
cess, it  can  remove  noise  injected  during  the  conversion  process. 
Analog  filtering  cannot  do  this.  Secondly,  the  digital  filter  com- 
bines low  passband  ripple  with  a  steep  roll  off,  while  also  main- 
taining a  linear  phase  response.  This  is  very  difficult  to  achii 
with  analog  filters.  „  ^ 

However,  analog  filtering  can  remove  noise  superimposed  on  the 
analog  signal  before  it  reaches  the  ADC.  Digital  filtering  cannot 
do  this  and  noise  peaks  riding  on  signals  near  full-scale  have 
the  potential  to  saturate  the  analog  modulator,  even  though  the 
average  value  of  the  signal  is  within  Umits.  To  alleviate  this 
problem,  the  AD700S  has  overrange  headroom  built.^to  the 
sigma-delta  modulator  and  digital  filter  which  allows  Dvenange 
excursions  of  100  mV. 

Filter  Characteristics 

The  digital  filter  is  a  288-tap  FIR  filter,  clocked  at  half  the  mas- 
ter clock  frequency.  The  frequency  response  is  shown  in  Figure 
12.  The  3  dB  point  is  at  22  kHz.  The  digital  filter  has  a  hnear 
phase  response  w^jMl  tftWliK  pewdday  of  123.6  |is 
(144  X  2ti). 

Due  to  the  low-pass  nature  of  the  receive  filters,  there  is  a  set- 
tling time  associated  with  step  input  fimctions.  Output  data  will 
not  be  meaningful  until  all  the  digital  filter  taps  have  been 
loaded  vrith  data  samples  taken  after  the  step  change.  Hence, 
the  AD700S  digital  fOters  have  a  settling  time  of  247.2  |U 
(288  X  2ti). 


When  coming  out  of  sleep,  the  digital  filter  taps  are  reset. 
Hence,  data  initially  generated  by  the  digital  filters  will  not  be 
correct.  Not  until  all  288  taps  have  been  loaded  with  meaningful 
J  m^iiog  modulator,  will  the  output  data  be  correct. 

The  analog  modulator,  m  coming  out  of  sleep,  will  generate 
i  j|^|ii%ful  dm  a'ip^l^By"  tixk  cydei. 

^Calibtattenfe     ^  |^ 

Included  in  the  digital  filter  is  a  means  by  which  receive  sig^; 
offsets  may  be  calibrated  out.  Calibration  can  be  effected 
through  the  use  of  the  CAL  and  MZERO  pins. 

kfhan^  oMieHigital  low-pass  filter  section  has  an  offset 
^T^omet  register  can  be  made  to  contain  a  value 
hg  the  dc  offset  of  the  preceding  analog  circuitry.  In 
.germal  operation,  the  value  stored  in  the  offset  register  is  sub- 
tracted from  the  filter  output  data  before  the  data  appears  on 
the  serial  output  pin.  By  so  doing,  the  dc  offset  gets  cancelled. 

In  each  chaimel  the  offset  register  is  cleared  (twos  complement 
zero)  when  CAL  is  high  and  becomes  loaded  with  the  first  digi- 
tal filter  result  after  CAL  falls.  This  result  will  be  a  measure  of 
the  channel  dc  offset  if  the  analog  channel  is  switched  to  zero 
prior  to  CAL  falling.  Time  must  be  provided  for  the  analog  cir- 
cuitry and  the  digital  filter  to  settle  after  the  analog  circuitry  is 
switdied  to  zero  and  before  CAL  falls.  The  offset  register  will 
^WW^^  ^f^pbr  fsprtsmtatioo  of  the  dc  offset. 


RXSLEEI^ 


RATE,  MODE, 
3-STATE  CONTROL  . 


I 


■if  "J  ).  '-.  . 


Figure  14.  Calibration  and  Control  Timing 
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CAL  must  be.higb  for  inoiiE.Aan  608  master  dock  cycles 
(CLKl,  CLK2).  If  the  analog  channels  are  swindled  to  zero 
cornddent-witli  CAL  iisiBg,'tlBS-&ne  is  also  Miffitient^  satisfy 
Ae  settling  time  of  the  analog  sigma-delta  modulators  and  Ae 
digital  filters.  CAL  may  be  held  high  for  an  imlimited  time  if 
convenient  or  necessary.  Only  the  digital  result  following  the  fall 
of  CAL  irill  be  loaded  imp  eacb.^Gs^  register.  After  CAL  falls, 
normal  operation  resmnes  immematdy. 

The  offset  registers  are  static  and  retain  their  contents  even  dur- 
ing sleep  mode  (Rx  SLEEP,  and  Rx  SLEEP2  high).  They  need 
only  be  updated  if  drifts  in  the  analog  dc  offsets  are  experienced 
or  expected.  However,  on  initial  application  of  power  to  the  dig- 
ital supiAy  pins  ^.of^  tegisteis.ffl)qr  centainvgtoady  inoorrect 
values,  and  therefore  calibration  must  be  activated  at  least  once 
after  power  is  applied  even  if  the  &cility  of  calfttition  is  not 
regularly  used.  ' 

The  MZERO  pin  can  be  used  to  zero  the  sigma-delta  modula- 
tors if  calibration  of  preceding  analog  circuitry  is  not  required. 
Eacli  analog  modulator  has  an  internal  analog  mtiltiplexer  which 
is  controlled  by  MZERO.  With  MZERO  low,  the  modulator 
inputs  are  connected  to  the  IRx  and  QRx  pins  for  normal  opera- 
tion. With  MZERO  high,  both  modulators  inputs  are  coiwKt^ 
to  the  REF  OUT  pin,  which  is  analog  ground  for  the  dvOv 
tors.  Typically,  the  CAL  and  MZERO  pins  ti( 
together  and  driven  by  die  same  digital'  sig|^MmfciM|i 
external  analog  drcuitty  is  desired^^}^l|^|^n(il#be  kg>t%i 


T 


during  the  calibration  cycle. 


of  97.2  mz,  wbich  i»eqMf«><tt MMerldeckrCCLKl,  CLK2) 
divided  by  24. 

When  the  receive  section  is  brought  out  of  sleep  mode,  by 
bringing  Rx  SLEEP,  and  Rx  SLEEPj  low,  (after  32  master 
clock  cycles)  the  Rx  CLK  output  will  continuously  shift  out  I 
and  Q  data,  always  beginning  with  I  data.  Rx  SYNC  provides  a 
framing  signal  that  indicates  the  beginning  of  an  I  or  Q,  12-bit 
data  word  that  is  valid  on  the  next  falling  edge  of  Rx  CLK.  On 
coming  out  of  sleep,  Rx  SYNC  goes  high  one  clock  cycle  before 
the  beginning  of  I  data,  and  subsequently  goes  high  in  the  same 
clock  cycle  as  the  last  bit  of  each  12-bit  word  (both  I  and  Q). 
Rx  DATA  is  valid  on  the  falling  edge  of  Rx  CLK  and  is  clocked 
out  MSB  first,  with  the  I/Q  pin  i^i«>M»|iii»i|g  in^^wilyn  ]^  DATA  is 
I  data  or  Q  data. 

MODE  ORATE  0  Interface 

Figure  16  shows  the  receive  timing  diagram  when  MODE  0, 
RATE  0  is  selected.  Again,  I  and  Q  data  are  shifted  out  on  the 
Rx  DATA  pin,  but  htre  the  output  word  rate  is  reduced  to 
48 .6  kHz,  this  berhg  equal  to  die  master  dede  $3Mti:  CLK2) 
divided  by  48. 

Once  the  receive  section  is  brought  out  of  sleep  mode,  (after 
56  master  clock  cycles)  the  Rx  CLK  output  becomes  active  and 
generates  an  Rx  SYNC  framing  pulse  on  the  first  Rx  CLK.  This 


f  followed  by  12  continuous  clock  cycles  during  which  the  I 

^  ^k^fWis  shifted  out  on  the  Rx  DATA  pin.  Following,  the 

Kx  CLK  ranaitts  high  for  11  master  clock  cydes  before  clocking 
out  the  Q  data  aft  exactly  the  same  maimer. 

The  offset  registers  have  enough  resolution  to  hold  the  value  of 
any  dc  offset  between  ±5  V.  However,  the  performance  of  the 
sigma-delta  modulators  will  degrade  if  full-scale  iignals  with  . 

more  that  100  mV  of  offset  are  experienced.  If  large  ofEsets  are%#^  MODE  1  RATE  1  hoaface  ^^^^ 
present,  these  can  be  calibrated  out,  but  signal  excursions  from        Figure  17  shows  the  timing  for  l^JDE  1  RATE  1  receive  digi- 


AIA  is  valid  on  the  falling  edge  CLK  wiA  the  I/Q 
Tdicating  whether  Rx  DATAin  " 


the  o£&«s  should  be  limited  sudi  that  the-I-Rx-iaid  Cpbi-vA- 
ages  remain  within  ±1.35  V  of  Vref-  * 
Digital  Interface 

A  flexible  serial  interface  is  provided  for  the  AD7005  receive 
section.  Four  basic  operating  modes  are  available.  Table  I  shows 
the  truth  table  for  the  different  serial  modes  that  are  available. 
The  MODE  pin  determines  whether  the  I  and  Q  serial  data  is 
made  available  on  two  separate  pins  (MODE  1)  or,  combined 
on  to  a  single  output  pin  (MODE  0).  The  RATE  pin  determines 
ndiether  I  and  Q  tecdve  data  is  provided  at  97.2  kHz  (RATE 
1)  or  at  48.6  kHz  (RATE  0). 

When  the  receive  section  is  put  back  into  sleep  mode,  by  bring- 
ing Rx  SLEEP,  and  Rx  SLEEP2  high,  the  receive  interface  will 
complete  the  current  IQ  cycle  before  entering  into  a  low-power 
sleep  mode. 

AfOD£  0  RATE  1  Interface 

The  timing  diagram  for  the  MODE  0  RATE  1  receive  interface 
is  shown  in  Figure  15.  It  can  be  use  to  interface  to  DSP  proces- 
sors requiring  the  use  of  only  one  serial  port. 

When  using  MODE  0,  the  serial  data  is  made  available  on  the 
Rx  DATA  pin,  with  the  I/Q  pin  indicating  whether  the  12-bit 
word  being  docked  out  is  an  I  sample  or  a  Q  sample.  Although 
the  I  data  is  docked  out  before  the  Q  data,  internally  both  sam- 
ples  are  procesai^^^lgj^^^jy^tecis  an  oBiput  word  i«e 


tal  intet&ce.  MODE  1  RATE  1  gives  an.  ouqmt  word  rate  of 
97.2  kHz,  but  I  and  Q  data  are  transferred  on  separate  pins.  I 
data  is  shifted  out  on  Rx  DATA  (I  DATA)  pin  and  Q.^«Ms 
shifted  W  en  die  I/Q  (Q  DATA)  pin.  RATE  I  selects  an  out- 
put word  rate  of  97.2  kHz  (this  is  equal  to  the  masKr  dodc 
divided  %2^r  • 

When  the  receive  section  is  brought  out  of  sle^,mode,  by 
bringing  Rx  SLEEP,  and  Rx  SLEEPj  low,  (after  32  master 
dock  cydes)  the  Rx  CLK  output  will  continuously  shift  out  I 
and  Q  data,  on  separate  pins.  Rx  SYNC  provides  a  filming  sig- 
nal that  is  used  to  indicate  the  beginning  of  both  the  I  and  Q, 
12-faSr^kta  wofU'Oiit'  is  valid  on  die  next  fidling  edge  of 
Rx  CLK.  On  coming  out  of  sleep,  Rx  SYNC  goes  high  one 
dock  cyde  before  the  beginning  of  I  data,  and  subsequently 
goes  high  in  the  same  dock  cycle  as  the  I  and  Q  LSBs.  It  takes 
24  Rx  CLKs  (exduding  the  first  framing  pulse)  to  complete  a 
single  I/Q  cyde.  I  DATA  and  Q  DATA  is  valid  on  the  Ming 
ed^  of  Rx  CLK  and  is  doctted  out  MSB  first. 

MODE  1  RATE  0  Interface 

Figure  18  shows  the  receive  timing  diagram  when  MODE  1 
RATE  1  is  selected.  MODE  1  RATE  1,  again  I  and  Q  data  are 
transferred  on  separate  pins.  I  data  is  shifted  out  on  Rx  DATA 
(I  DATA)  pin  and  Q  data  is  shifted  out  on  the  I/Q  (Q  DATA) 
pin.  The  ouQmt  word  rate  is  reduced  to  48.6  kHz,  which  is 
eqwd  ts  As  iBMier  clock  (.CLKl,  CLK2)  divided  by  48. 
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Figure  18.  Mode  1,  Rate  0  Receive  Timing 
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56  master  ciock  cycles,  tlie  Kx  CLK  output  becomes  acuve  and 
generates  an  Rx  SYNC  framing  pulse  on  the  first  Rx  CLK.  This 
is  followed  by  12  continuous  clock  cycles  during  which  both  the 
I  and  Q  data  is  shifted  out  on  I  DATA  and  Q  DATA  pins.  Fol- 
lowing this  the  Rx  CLK  remains  high  for  22  master  clock  cycles 
b^ore  docking  out  the  next  I/Q  tettKur.  ' ' 


AUXILIARY  DACs 

The  auxiliary  DAC  section  provides  three  DACs  for  extra 
control  functions  like  Automatic  Gain  Control,  Automatic 
Frequency  Control  or  ramping  up/down  the  RF  amplifier. 
The  three  auxiliary  DACs:  AUX  DACl,  AtJX  DAC2  and 
AUX  DACS,  have  resolutions  of  9,  10  and  8  bits,  respectively. 
iBch  auxili^  DA€  ca^  be  p^iwei^  doi^  sn^d^eii^tly  i 
of  the  otim  andik^peirdraiy  oteiili^  tttrm^twiee^ 
section. 


AGND(> 


Figure  19.  Auxiliary  DAC^tructun 

The  AD7005  AUX  DACs  are  voltage  mode  DACs,%nslEing  of 
R-2R'l8dder  networks  (Figure  19),  constructed  from^ghly  sa- 
ble thin-films  resisters  and  high  speed  single  pole,  double-throw 
switches.  This  design  architecture  leads  to  very  low  DAC  cur- 
rent during  normal  operation.  However,  the  AUX  DACs  have  a 
high  output  impedance  (typical  8  kSl)  and  hence  require  exter- 
nal buffering.  The  AUX  DACs  have  an  output  voltage  range  of 
OV  to  Vrbf  -1  LSB.  Each  AUX  DAC  can  be  individually 
entered  into  low  power  sleep  mode  simply  by  loading  all  zeros 
to  that  particular  AUX  DAC.  This  does  not  affect  the  normal 
operation  of  AUX  DACs,  as  all  zeros  represent  the  DAC  code 
where  no  currents  flow  in  the  R-2R  ladder. 
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Figure  20,  Typical  Plot  of  the  /liWMf  Wdltage  versus 
Temperature  (o»  «i « c ; 
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Digital  Interface 

AUX  DAC  loading  i{^cc%ipUsh^-via-di&  same  16-bit  shift 
register  used  for  loadil^  the  transmit  DACs-  When  loadii^  any 
of  the  auxiliary  DACs,  the  DAC  SELECT  signal  must  be  tow. 
Figure  4  logically  represents  the  serial  interface  when  DAC 
SELECT  is  low.  Th^M^/kexal  word  is  organized  as  a  data 
field  (DB0-DB9)  coifflfea  with  control  field  (DB10-DB13). 
The  data  field  is  8,  9  or  10  bits  vride,  depending  on  the  AUX 
DAC  being  loaded.  The  control  bits  mdicate  whicb  AUX  DACs 
aire  being  loaded  (DB10-DB12),  where  DBIO,  DBll  &  DB12 
updates  AUX  DACl,  AUX  DAC2  &  AUX  DAC3,  respectively. 
Th^»xont||l  b^s  are  active  high  and,  since  a  ^a^sil  i^%  has 
beeli  ai^iil  to  each  AUX  DAC,  this  fiuMMltte  simulta- 
neous loading  of  several  AUX  DACs.  

VOLTAGE  REFERENCE 

The  AD70O5  contains  an  on-chip  bandgap  reference  that  pro- 
vides a  low  noise,  temperature  compensated  reference  to  the  I/Q 
transmit  DACs  and  the  I/Q  receive  ADCs.  The  reference  is  also 
made  available  on  the  REF  OUT  pin  and  can  be  used  to  bias 
other  analog  circuitry  in  the  IF  section. 

When  both  the  transmit  section  and  the  receive  section  are  in 
sleep  mode  (Tx  SLEEP  and  Rx  SLEEP  asserted),  the  reference 
output  buffer  is  also  powered  down  by  approximately  80%. 


Table  I.  Tiutb  Table  foi  tiie  Mode  and  Kate  Pins 


Mode 

Kate 

Data  Fomiat 

Output  Word  Rate 

0 

0 

IQData  I/Q 

48.6  kHz 

0 

1 

IQData  I/Q 

97.2  kHz 

1 

0 

I  Data      Q  Data 

48.6  kHz 

1 

1 

I  Data     Q  Data 

97.2  kHz 

Thj^  inf(jfSSBten.jpeyB&ilPi«c>pEQ#i*st  un^^devfttepitiesiat,  Its  ebaraeterMfistwwl 
Analog  Devices  assumes  fp/inMsationii^saj^wgvfuluiR  mouiteture  cmless  attisfiSvi 


ANALjOG 
DEVICE 


■fi. , 


CMOS 
DASJEModulator 


-^7008 


FEATURES 

32-Bit  Phase  Accumuhrtor 
lO-BK  Analog  DAC  Output 
50  MHz  Clock 
20  MHz  Output  Capability 

Frequency,  Phase  and  Amplitude  Modulatic^i^^  ^ 


I 


Full  AM  Quadrature  Modulator  for  SSB 
Unused  Section  Power  Down 
Bit  Serial  or  Parallel  Control  Interface 
Single  +5  V  Supply 
Low  Power 

TTL/5  V  CMOS  Compatible  Logic  Inputs 
8-/16-Bit  MicroprauMMlarillterfaca 
44-Pin  PQFP 


GENERAL  DESCRIPTION 

The  AD7008  direct  digital  synthesis  chip  is  a  numerically  con- 
trolled oscillator  employing  a  32-bit  phase  accumulator  and  a 
lO-bit  D/A  converter  integrated  on  a  single  CMOS  chip.  Modu- 
lation capabilities  are  provided  for  phase  modulation,  frequency 
modulation,  and  both  in-phase  and  quadrature  amplitude  J^glbu- 
lation  suitable  for  SSB  generation.  r 


Qock  rates  np  to  SO  MHz  are  supported,  yielding  usable  analog 
ouqmts  up  to  about  20  MHz.  Frequency  accuiacy  can  be  con- 
trolled to  one  part  in  4  billion.  Modulation  is  cmtrolled  by  load- 
ing registers;  either  thnmgb  ^  parallel  nucroprocesspr  jjOter&ce 
or  the  serial  interface.  A  frequency  select  .isin  permits  sejectipn 
between  two  frequencies  on  a  per  cycle  basis. 

An  amplitude  modulator  contains  two  multipliers  fed  with  sine 
and  cosine  values  &om  a  ROM  lookup  table,  and  with  ampli- 
"         tude  values  loaded  from  either  the  parallel  or  serial  ports.  When 
loaded  nidi  quadiamie  data,  the  sum  of  the  two  multipliers  pro- 
vides a  SSB  RRi^^l 

The  serial  and  parallel  interfaces  may  be  operated  independently 
and  asynchronously  from  the  DDS  clock;  the  transfer  control 
signals  are  internally  synchronized  to  prevent  metastability  prob- 
^       Icms.  The  synchronizer  can  be  bypassed  to  reduce  the  transfer 
itk.  htency  in  the  event  that  the  micropra^^^.  dock  is  synchro- 


nous with  the  DDS  clock. 


A  power-down  pin  allows  external  control  of  a  power-down 
mode  (also  accessible  through  the  microprocessor  interface).  The 
DAC  may  be  adjusted  for  speed  and  power  through  a  single 
excsaal  r^ 

^  \ 

.-i".  -    .'i-T-.i-^  I   'Ha*  lUilil  pfiiy- ,K 

FUNCTIONALj^OCK  DIAGRAM 
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AD7008 -SPECIFICATIONS^ 


(Vgg  +5  V  ±  5%;  T;,  =  Tmiii  to  Tmw.  uiilcss  otherwise  stated) 


Parameter 


AD7008A 


Test  Conditions/Comments 


ilu^ii;     '  '-■.is;  if.f.tl^  I'? 


SIGNAL  DAC  SPECIFICATI6NS 

Resolution 

Number  of  Channels 

Update  Rate 

DC  Accuracy 

Integral  Nonlinearity 
Differential  Nonlinearity 

Dynamic  Specifications 
Signal-to-Noise  Ratio 
Total  Harmonic  Distortion 
Peak  Spurious  Noise 

Coding 

Power-Down  Option 


ha:»L 


LOGIC  INPUTS 
ViMH,  Input  High  Voltage 
ViNL!  Input  Low  Voltage 
IiNH)  Input  Current 
Coi,  Input  Capacitance 


1  tu'^ 


LOGIC  OUTPUTS 
VoH,  Output  High  Voltage 
Vol,  Ou^Hit  Ldir'Vol^ 


IIoutI  s  40  M.A 
IIoutI  s  1.6  mA 


POWER  SUFI«|^ 

-       ■■c  int^.-jtta  ii. 
No«al  Operafi&'^"n^  *w» 


SLEEP  =  0  V 
SLEEP  =  Vdd 


NOTE  ^ 
'Ope«ta§|gii^i<!iWHteiM^  Vitaioa;  - 


ABSOLUTE  MAXIMUM  RAIW^* 

(Ta  =  +25°C  unless  otherwise  noted) 

Vni,  TX,  Vdd,  RX  to  AGND   -0.3  V  to  +6  V 

AGND  to  DGND   -0.3  V  to  +0.3  V 

Digitial  I/O  Voltage  to  DGND  .  .  -0.3  V  to  V^d  +0.3  V 

Analog  I/O  Voltage  to  AGND  .  .  .  ...  .  -0.3  V  to  Vdd  +C3  V 

Operating  Temperature  Range  < 

Industrial  (A  Version)   -25°C  to  +85°C 

Storage  Temperate  Range  — 65°C  to  +  150°C 

Lead  Temperature  (Soldering,  10  sees)  .  .  .ivt.  +300°C 

Power  Dissipation  (Any  Package)  to  +75°C    450  mW 

Derates  Above  +75''C  by  10  mW/°C 

^Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
(qieration  of  the  device  at  these  or  any  other  conditions  above  those  listed  in  ±e 
operation^  sectirau  of  this  specification  is  not  implied.  Exposure  to  absolute 
f  Ksmditi^s  for  ext^ded  periods  may  tBsx  device  tdUtUty.. . 
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PIN  GONnOURATION 


DGND 

iaz 

D8 

sen 

D9 

ansz 

D10 

4az 

D11 

size: 

D12 

eOZ 

D13 

01 4 

D15 

sen 

•  PIN1|DE|JTi|F^R 

ADTOOBPdFP 

TOP  VIEW 
(Not  to  Scale) 


IHHHHHHHHHF 

|8ff  i2  8  8&|8  8 
i  * 


33  Vdd 
32  RESET 
31  SLEEP 
30  TE 
29  TC3 
28  TC2 
27  TC1 
26  TCO 
25  FSELECT 
124  CK 
23  Dcmo 


CAUTION   

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  permanent  damage  may  occur  on  uncoimected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  protective  foam 
should  be  discharged  to  the  destination  socket  before  devices  are  removed. 
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ANALjOG 
DEVICES 


+5  V  Powered 
RS-232,  RS-422  Transceiver 


yi 


AD7306 


FEATURES 

RS-232  and  RS-422  on  One  Chip 
Single  +5  V  Supply 
0.1  iiF  Capacitors 
Short  Circuit  Protection 
Excellent  Noise  Immunity 
Law  Power  BiCIMOS  Technology 
High  Speed,  Low ) 


FUNCTIONAL  BLOCK  DIAGRAM 


APPLICATIONS 
DTE-DCE  Interface 
Packet  Switching 
Local  Area  Networks 
Data  Concentration 
Data  IMultiplexers 

Integrated  Services  Digital  Network  (ISDN) 


*5Vto«10V 
VOLTAQE  DOUBLER 


«10Vto-10V 
VOLTAGE  INVERTER 


GENERAL  DESCRIPTION 

The  AD7306  line  driver/receiver  is  a  5  V  monolithic  product 
which  provides  an  interface  between  TTL  signal  levels  and  dual  i 
standard  EIA  RS-232/RS-422  signal  levels.  The  part  contains 
two  RS-232  drivers,  one  RS-422  driver,  one  RS-232  receiver, 
and  one  receiver  which  can  be  configured  etiier  asJELS^32  or 
as  RS-422. 

An  internal  charge  pump  voltage  converter  facilitates  operatioi 
from  a  single  -1-5  V  power  supply.  The  internal  charge  pump 
generates  ±10  V  levels  allowing  RS-232  output  levels  to  be 
developed  without  the  need  for  external  bipolar  power  supplies. 

A  highly  efficient  charge  pump  design  allows  operation  using 
non  polarized,  miniature  0.1  )iF  capacitors.  This  gives  a  consid- 
erable saving  in  printed  circuit  board  space  over  conventional 
products  which  use  up  to  10  tiV  capacitors.  The  charge  piunp 
output  voltages  may  alsq.he       iq  po^  external  dicuitry 
wtudkiequiies^ud  siqs^ies.    - 


I RS-232 
OUTPUTS 


-T3oUT(B)j  „S422 

-T3out(A)J  output 


IRS'232 
INPUT 


RIm/RIi 


RS-422 
INPUT 


II  IN  (8)^ 


RS-422 
INPUT 


'232  channels  are  suitable  for  cotnmimications  rates  up 
kHz  and  the  RS-422  channels  are  suitable  for  high  speed 
communications  up  to  500  kHz.  The  RS-422  transmitter  com- 
plementary outputs  are  closely  matched  and  feature  low  timing 
skew  between  the  complementary  outputs.  This  is  often  an 
essential  requirement  to  meet  tight  system  timing  specifications. 

All  inputs  feature  ESD  protection,  all  driver  outputs  feature 
high  source  and  sink  current  capability  and  are  internally  pro- 
tected against  short  circuits  on  tfae:plpg|||^g^0j^(^gitaxml^ei:4sp 
used  to  guard  against  latch-up. 

The  pift  is  available  in  24-pin  DIP  and  SOIC  padcages. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notice; 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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TIMING  SPIGI^IQPJQNS  unle»  otherwise  noted.) 


(Vcc  =  +5  V  ±  5%,  CI  =  C2=  l»  =  M  =  LI  iif.  I»  8|Htffinebiis 


Parameter 


Max 


ITnilm 


Switching  Oiancteiistics   

Propagation  Ddiy  RS-422 
TTL010StoRS-«2tpLH'  s 
THj/CMOS  ta  RS-42Ztp(nr  on  ' 

RS-e2(yPn>0/PtsKEw 

Driver  Rise/Fall  Time  tK,  tp 

RS-422  Receiver 

Input  to  Output  tpLH,  tpHL 

RS-232  DiaaUe  to  RS-422  Enable  ta,i 

RS-422  DiaM««NiS^  a»Me'%ba  ' 

Baud  Rate 
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Figure  2.  BS-421tTTan8mitter  Timing 
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This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notices 
Analog  Devices  assumes  no  obligation  rsgfirding  future  manufacture  unless  otherwise  agreed  to  in  writing. 
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AD7306 


ABSOLUTE 
pit.  =  S^milas 
Vcc  .... 

V+  . 

V-  

Inputs 

T1,H,  T2, 
T3,M  .  .  . 


2>M 


 +7  V 

-0.3  V)  to  +13.2  V 
+0.3  V  to  -13.2  V 


V-  to  V+ 
0.3  VtoVcc  +  0.3  V 

RlfiM  A/B,  R2m  ,  -2S.V  to  +25  V 

SEL  1 ........  01  j.  -ft3:!P:|Blee,  +0J  f 

Outputs                         (iL  ■  ■ 

TlouT  .T2ouT  (V+,  +0.3  V)  to  (V-,  +0.3  V) 


T3c 
Rlr 


t(A),  (B)  -15  V  to  +15  V 


R2r 


Short  Circuit  Diuation 
Tn 


UOI 


'OUT 


CAtmON  . 


Power  Dissipation 

Plastic  DIP  (Derate  7  mW/°C  above  +70°C)    675  mW; 

Small  Outline  (Derate  7  mWC  above  +70°C)  ....  375  mW 
Operating  Temperature  Range   

Industrial  (A,  B  Versions)  -40°C  to  +85°C 

Extended  (S  Version)   -55°C  to  +125°C 

Storage  Temperature  Range   -65°C  to  +  150°C 

Lead  Temperature  (Soldering,  10  sees)  +300''C 

Power  Dissipation  (Any  Package)  to  +75°C   450  mW 

Derates  Above  +75°C  1^  ,  .6  mW/°C 

^Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause^^ 
permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional, 
operation  of  the  device  attheseoranyotherconditions  above  tiiose  listed  in  the ' 
operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute; 
mayimiim  ratings  for  extended  periods  of  time  may  affect  device  leliabiliQr.  1 


ESD  (dectrostatiG  disdiaige)  sensitive  device.  The  digital  control  iiqiatS'aie  diode  piott 

however,  permanent  damage  may  occur  on  uncoimected  devices  subject  to  high  i 
static  fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shunts.  The  pq 
should  be  Hisajiargfji  to  the  destination  soi^t  before  devices  are  insmed.. 
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Figure  3.  Application  Circuit 


1W'fM9nffMton'il0^nlaa^  a  product  under  development.  Its  chaiacteristics  and  specif icaflOftt'  JllM%ab)eet tO-ehatige  wittto><VioltBe; 
Analog  Devices  assumes  ho  obligation  regarding  future  manufacture  unless  otherw/ise  agWOdtHmt^MMtiAg.''  ■  ' 

4-96  COIVIMUNICATIONS  PRODUCTS  WHi^ 


AD7306 


GENERAL  DESCRIPTION 

The  AD7306  drivers/receivers  provide  an  interface  which  is 
compatible  with  RS-232/RS-422  standard  interfaces.  As  both 
standards  are  widely  accepted  it  is  often  necessary  to  provide  an 
interface  which  is  compatible  with  both.  Tile  AD7306  is  ideally 
suited  to  this  type  of  application  as  trath.^l^i^  ^i^t1^.^et , 
using  only  one  package. 

Charge  Pump  DC-DC  .VdltaBe  Coineiter 

The  charge  pump  voltage  converter  consists  of  an  osdllator  and 
a  switching  matrix.  The  converter  generates  a  ±10  V  supply 
from  the  input  S  V  level.  This  is  done  in  two  stages  using  a 
switched  capacitor  technique  as  illustrated  below.  First  the  5  V 
input  supply  is  doubled  to  10  V  using  capacitor  CI  as  the  charge 
storage  element.  The  10  V  level  is  then  inverted  to  generate 
-10  V  using  C2  as  fhe^totige  ebag^^ 


VOLTAGE  DOUBLER 


Figures.  IMigw 'nvtQitsr 


CapadtOTS  C3  and  C4  aie  Used  to  reduce  the  output  ripple. 
Their  values  are  not  ciicical  and  can  be  leduced  if  Mgba  levels 
of  ripple  are  acceptable. 

The  charge  pump  capacitors  CI  and  C2  may  also  be  reduced  at 
the  expense  of  higher  output  impedance  on  the  V+  and  V— 
supplies. 

The  V+  and  V-  supplies  may  also  be  used  to  power  external 
dircuiiafy  if  llie  cuneut  lequiiements  ate  small. 


The  generator  rise  time  after  power  up  is  200  |j.s  typical.  This  > 
time  is  necessary  to  completely  charge  the  storage  capacitors  in„ 
the  charge  pump.  Therefore,  RS-232  data  traiismisaan.)^«auld.  ^ 
not  be  initiated  until  this  time  has  elapsed  after  ^Kil.<X^.Tb^' 
will  ^sure  that  valid  data  is  transmitted.  '  .  , 

RS-232  Dihren-' .  -H,.    :  '  -  :.ui 

The  RS-232  drivers  in  &e/^7306  meet  the  EIA  RS-232' speci- 
fications. The  drivers  are  inverting  level  shifters  which  convert  ^ 
TTL/CMOS  levels  into  RS-232-C  output  levels.  The  input 
switching  threshold  is  typically  1.3  V.  With  a  typical  RS-232 
load,  the  output  levels  are  ±8  V.  Under  worst  case  load  condi- 
tions, the  drivers  are  guaranteed  to  provide  ±S  V  which  meats, 
the  minimum  RS-232  requirement.  The  output  slew  rate  is 
internally  limited  to  <30  V/jis  without  the  need  for  an  external 
slew-limiting  capacitor.  Short  circuit  protection  is  also  provided 
which  prevents  danuge  in  the  event  of  output  fault  conditions. 
Active  current  l^^ftg  is  provided  which  limits  the  output  short 
circuit  ciu:fl^^utmich  does  not  degrade  the  output  voltage 
swing  with  max^um  load  as  conventional  passive  limiting 
would.  -rvr^.H  >.>',•,?    .,.. .'.-unfa 

RS-232  Receivers 

The  receivers  are  inverting  level  shifters  which  accept  RS-232-C 
input  levels  (±3  V  to  ±15  V)  and  translates  them  into  5  V 
^•feX/CMOS  levels.  The  input  switching  thresholds  are  0.75  V 
"'"^toinimum  and  2  .5  V  maximiun  which  are  well  within  the 

RS-232-C  requirement  of  ±3  V.  Internal  pull-down  resistors  to 
GND  are  fn'ovided  on  the  receiver  inputs.  This  ensures  that  an 
unconnected  input  will  be  interpreted  as  a  low  level  giving  a 

1"  on  the  TTL/CMOS  output.  Excellent  noise  immunity 
achieved  by  the  use  of  hysteresis  and  internal  filtering 
circuitry.  The  filter  rejects  noise  glitches  of  up  to  0.5  (is  in 
duration. 

RS-422  Drivers 

The  RS-422  drivers  on  the  AD7306  accept  TTL/CMOS  inputs 
and  translate  them  into  differential  RS-422  level  signals.  The 
input  switching  threshold  is  typically  1.3  V.  The  unloaded  out- 
put differential  voltage  is  typically  ±4.5  V  (see  Typical  Perfor- 
mance Characteristics).  Short  circuit  protection  is  provided  on 
the  output  which  limits  the  current  to  less  than  100  mA.  Only 
one  output  should  be  shorted  at  any  time  to  avoid  ezcee^ng  die 
total  power  dissipation  for  the  package. 

RS-422  Receivers 

The  RS-422  receivers  on  the  AD7306  accept  differential  input 
signals  and  translates  them  into  TTL/CMOS  output  levels. 
Excellent  noiae  immunity  is  achieved  using  the  differential 
oonfigmuion. 


This  information  applies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  chahge'with'dtit^flbtieei 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing.  ' 
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Single-ended  interfiices  are  used  for  low  speed,  siiort  distance 
communicadons  such  as  from  a  computer  tenninal  to  a  printer. 
A  sinj^  fine  ^i££d'^  carry  the  signal.  Various  standards  have 
de^dtiiid  %  i^ndardize  the  communication  link,  the  most 
popular  of  ^ese  being  the  RS''^2.  The  RS-232  stahdsf  d  was 
introduced  in  1962  by  the  EIA  and  has  been  widdynsed    <  r 
tfaroug^ut  the  industry.  It  was  devgUqxd  fet  w>g)etemied  data : 
transmission  at  relatneljr  slow  ditaxues  tner  shint  dn&noes.  A 
typical  RS-2^!intei£ue  is  dunm  in  Figure  6.  : 


When  transmitting  at  high  data  rates,  over  long  distances  and 
through  noisy  enviroiunents,  single-ended  data  transmission  is 
often  inadequate.  In  this  type  of  application,  differential  data 
transmission  offers  superior  performance.  Differential  transmis- 
sion 1^  two  s^i^al  lines  |o  transmit  data.  It  rejects  ground 
tiMk  &i'^'irM^Sii^  ti^'i^&  sigttals  which  appear  as  common 
mode  voltages  on  the  transmission  lines.  To  accommodate  faster 
data  communication,  the  differential  RS-422  stmidatd  vhs(4ienA' 
oped.  Hwiefore,  it  can  be  used  to  reliably  transmit  data  at 
higher  speeds  and  over  longer  distances  than  single-ended  trans- 
mission. A  typical  RS-422  interface  is  shown  in  Figure  7. 


AS-232  Interface 


Table  I.  Comparison  of  RS-232  and  RS#: 
Interface  Standards  ^ 


Transnfission  ■^jfe 
Maximum  Data  Rate^** ' 
Maximum  Cable  llength 
Minimum  Driver  Output  Voltage 

Slew  Rate 

Receiver  Input  Resistance 
Receiver  Input  Sensitivity 
Receiver  Input  Voltage  Range 
No.  of  Drivers  per  Line 
No.  of  Receivers  per  Line 


Sii«le-Ei 
20kB/s 
50  ft 

±5  V 

30V/(i.s  max 
3  kn  to  7  kn 
±3  V 
±15  V 
1 
1 


Differential 

lOMB/s 

4000ft 

±i.ix —  , 

4  kn  min 
$200  mV 
±7V 
1 


sas  K)  baa  f:j  i.'nrj:-:,i,J 
.  f  i:.'3btr>  Ma  ns 


IlKin.-. 


T^is  infoiim^tipn  inplies  to  a  product  under  development.  Its  characteristics  and  specifications  are  subject  to  change  without  notls^r 
Analog  Devices  assumes  no  obligation  regarding  future  manufacture  unless  otherwise  agreed  to  in  writing.  .rj:_ 
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Yoiceband  Reconstruction 
and  Antialiasing  Filter  Set 


AD7341/AD7371 


FEATURES 

AD7341  -  Transmit  (Reconstruction)  Filter  for  14-Brt 
DAC  (AD7840) 

Programmable  Attenuation  (OdB  to  -38dB) 
AD7371  -  Receive  Filter  for  14-Bit  ADC  (AD7871) 

Programmable  Gain  (OdB  to  24dB) 
70dB  Stopband  Attenuation 

In-Band  Signai-to-Noise  Ratio 
Better  Than  -75dB  Total  Harmonic  Distortion 
CCITT  V.32  and  V.33  Compatible 
Small,  0.3',  24-Pin  Plastic  Package  and  28-Pin  PLCC 


FDNCTIONAL  BLOCK  DIAGRAMS 


-®-^-  ®—@  @> 


-'.}■■:  -  p  -iliS  -  ' 

GENERAL  DESCRIPTION 

The  AD7341  and  AD7371  are  reconstruction  and  antialiasing 
filters  designed  for  use  in  high  speed  voiceband  modems  with 
speeds  up  to  14.4  kbits/sec,  in  accordance  with  CCITT  V.32 
md  V.33-iecommendatioos.'  These-fiheis,  along  with  the 
AD7840  DAC,  the  AD7871  ADC  and  a  digital  signal  processor 
(DSP)  can  be  used  to  implement  a  complete  modem. 

The  AD7341  is  the  transmit  or  reconstruction  filter.  It  imple- 
ments the  filter  fimction  using  a  seventh  order  low  pass 
switched  capacitor  filter  and  a  second  order  low  pass  continuous 
time  filter.  The  cutoff  frequency  is  3.51tHz. 

The  AD7371  is  the  receive  filter.  It  is  a  high  order  bandpass 
filter  with  a  lower  cutoff  frequency  of  180Hz  and  an  upper 
cutoff  frequency  of  3.5kHz.  The  filter  function  is  implemented 
using  a  second  order  low  pass  continuous  time  filter,  a  fourth 
order  high  pass  switched  capacitor  filler  and  a  sevendi  order  low 
pass  switched  capacitor  filter. 
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AD7341/AD7371  -SPECIFICATIONS 

TDAUCUIT  Cll  TCdI  Wm  =  Vec  =  5V  ±  5%;  V«  =  -5¥  ±  5%:  MND 
TRANSMIT  r  ILTcR  6O/4O.  T,  =  +2S°C.  Attenuator  set  at  Odl,  ralets  i 


DGND  »  OV;  GUON  =  288lcHz  (M/S  Ratio  =  4II/W  to 
stated.) 


Fuameter 

AD7341jP 

.  4 

Test  CoDditkms/Goiniiisjits 

Units 

INPUT  CHARACTERlfli^  ^ :  ^ 
Input  Signal  Range 

±3 

V  max 

Input  Impedance 

100 

Mntyp 

FILTER  CHARACTERISTICS^' ' 
CLKIN  Frequency 
Cutoff  Frequency 
Second  Harmonic 
Third  and  Higher  Harmonics 
Passband  Ripple 
Passband  Gain  Error 

Signal-to-Noise  Ratio 

Stopband  Rejection 
Differential  Group  Delay 

288 
3-5 
-80 
-80 

0.4  , 
±0.5 

72 
75 
70 
70 
350 

kHz 
kHz 
dB  typ 
dB  typ 
dB  max 
dB  max 

dB  min 
dB  typ 
dB  typ 
dB  min 
(IS  typ 

Nl  =  l  (i.e.,  DP0=1,  DP1  =  0) 

0.  IdB  Down  from  the  Lowest  Point  in  the  Passband 

Osfs3.3kHz 

Deviation  from  Nominal  Setting  on  Progranunable 

Attenuator 

Osf£3.5kHz 

SNa-Tnoiliiteit  Noise  wd  Uaimooi^        t; . 
f^6.1kHz 

0£f:$3.3kHz  and  RdenMed  W  the  Absolute 
Group  Defav  at  UcHz 

OUTPUT  CHARACTERISTICS 
Output  Vohage  ; 
Offset  Voltage  — 
Attenuation  Range          ;  ... 
Relative  Accuracy''  * 

1^1  itm  It  17  ^cicTsn/^A 
\../llL^UL  IxCsldLoIli'C 

±3 
±70 

oto-aa  , 

±0.1 
0.2 

V  max 
mV  max 
dB 

dB  typ 

Ri.=aQ,Ct=100pF 

Detei^uieib$>BM'q3P^iP^IM|ltIII  ^ 

LOGIC  INPUTS 
WR,  DB2-DB7,  DPO,  DPI, 
DS0-DS2,  SYNCIN,  CLKIN 
*   V[NH.  Inpul  High  Voltage 
V[ML,  Input  Low  Voltage 

C[^,  Input  Capacitance 
CLKIN  Divider  Range  (Nl)' 

2.0 
0.8 
10 
10 

I  to  4 

V  min 

V  max 

pF  max 

.    —  '^  V'       '  ^          -eL  o  ^1  '  >  -      ;  ' 

.  I ;rnn      .oaBii|mi  Cd  bHS      te^  CH 

■  1.   ■    '   . ■    "*0  UttSiOm      :             '  .i/  li 

,  !?■  ■■          .  ,  jnii-u  aoi^.■■■•J:  . 

-i-'4    •        -  -jL-prf*.  ■  ■' 
CLKIN  Can  Be  Set  to  288kHz,  576kHz,  864kHz  or 
1.152MHz.  Nl  Is  Set  by  DPO,  DPI. 

LOGIC  OUTPUTS  SYNCOUT" 
Divider  Range  (N2) 
Frequency         •       '  - 

FulSC  W lUlXl 

VoH>  Output  High  Voltage 
Vol.  Output  Low  Voltage 

1  to  8 

fci,Km/(Nlx5xN2) 
l/f 

2.4 
0.4 

kHz 

V  min 

V  max 

N2  Is  Set  by  DS0-DS2.         ■    ^-  ^ 
IsouRCE  —  400pA 

POWER  SUPPLIES  . 

Vdd                     -  "us   7  ^-1 

Vcc 

Vss 

Idd  +  Ice 
Iss 

Power  Dissipatian 

4.75/5.25 

4.75/5.25 

-4.75/-5.25 

25 

25 

26S 

V  minA'  max 

V  minA'  max 

V  minA'  max 
mA  max 
mA  max 
mW  max 

NOTES 

'Operaring  temperanue  ranges  as  follows:  J  versions:  0  to  +70°C. 

'Specified  for  an  input  frequency  of  288kHz.  This  is  intenially  divided  by  S  to  produce  a  switched  capacitor  iilter  frequency  of  S7.6kHz.  For  input  frequencies 
lower  than  288kHz,  the  filter  response  is  shifted  damt  bjr  lhentio  of  this  input  ftequeacy  to  28gkHz. 
'Measured  using  a  ±3V,  IkHz  sine  wave. 
^Measured  over  the  full  attenuation  range. 
'Required  lo  derive  internal  frequency  of  288fcHz  fiom  CXXIN. 
^Determined  by  data  transmission  rate. 
SpcctOcaUatttMAfMit  Icicbnge  wittann  noiioe. 
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RECEIVE  FILTER^  efeVl,"  +25''C.  PSA  setatll 


-5V  ±  5%;  AGND  =  DGND  =  OV;  CLKIN  =  288kHz  M/S  Ratio  =  40/80  to 
IB,  unless  otherwise  stated.) 


AD737IJN 

Parameter 

AD»7iJP 

UoHs 

Test  Conditioiis/Coniiii^ntt     rt.  AnuJ. 

INPUT  CHARACTERISTICS 
Input  Signal  Range 
Input  Impedance 

±3 
10 

V  max 
kn  typ 

'  —  i;.-  . 

FILTER  CHARACTERISTICS^- ' 
CLKIN  Frequency 
Lower  Cutoff  Frequency 
Upper  Cutoff  Frequency 
Second  Harmonic 
Third  and  Higher  Harmonics 
Passband  Ripple 
Passband  Gain  Error 

Stopband  Rejection 
Differential  Group  Delay 

288 
180 
3.5 

-80  ' 

0.4 

±0.5 
72 
75 
60 

66                 .  , 

40 

300 

kHz 
Hz 

kHz 
dB  typ 
dB  typ 
dB  max 
dB  max 
d  B  min 
dB  typ 
dB  typ 
dB  min 
dB  typ 
'(IS  typ 

Nl  =  l  (i.e.,  DP0=1,  DP1  =  0) 

O.ldB  Down  from  the  Lowest  Point  in  the  Passband 

0.  IdB  Down  from  the  Lowest  Point  in  the  Passband 

200Hz:f=fs3.3kHz                                ,  ,u».:  .-r 
Deviation  from  Nominal  Setting  on  PGA 
180Hz<fs3.5kHz' 

Input  Signal  Leyd.<»£-24^i§g^j|)ji»  Se^flJ,^ 

fae.lkHz 
f=-60kHz 

500Hzsfs3.3kHz  and  Referenced  to  the  Absolute 
Group  Dday  «  llcHz 

OUTPUT  CHARACTERISTICS 

Output  Voltage 
Offset  Voltage 
Gain  Range 
Relative  Accuracy''  * 
Output  Resistance         ..  ■■  • 

±3 
±70 

0  to  +24 
±0.1 

0.2  :,. 

V  max 
mV  max 
dB 

dB  typ 
Q  typ 

RL  =  3kn,  Cl  =  I00pF 

Determined  by  DB0-DB7,  see  Table  VI 

LOGIC  INPUTS 
WR,  DB0-DB7,  DPO,  DPI, 
DS0-DS2,  SYNCIN,  CLKIN 
V,NHJ  Input  High  Voltage 
ViNL'  Input  Low  Voltage 
IiMH,  Input  Current 
^n4>  Jjiput  Capacitance 
CLKIN  Divider  Range'(NI)' 

2.0 
0.8 
10 

10  ' 

1 1(14"-  '-.-^ 

V  min 

V  max 
\lK  max 
pF  msx 

MfHl     . 1 

CLKIN  Can  Be  Sfct-to  288kHz,  576kHz,  8i64kflS"or  "■ 
1.152MHz.  Nl  Is'Set  by  DPO,  DPI. 

  -            -^-^i- -  ^^-'^ 

LOGIC  OUTPUTS  SYNCOUT" 
Divider  Range  (N2) 
Frequency 
Pulse  Width 

V         Oiitniit  Hiffh  Vnltawp 
vqpjj  wut-j^ui  iriigij  V  Ullage 

VoL>  Output  Low  Voltage 

1  to  8 

fcLKiN./(Nlx5xN2) 

7  4 

Ia 

kHz 

(IS 

V  max 

N2  Is  Set  by  DS0-DS2. 

^SOURCE  ~  WU(AA 

POWER  smm^ 

Vdd 
Vcc 
Vss 

Idd  ^cc 
Iss 

Power  Dissipation 

4.75/5.25 

4.75/5.25 

-4.75/-5.25 

25 

25 

265 

V  min/V  max 

V  min/V  max 

V  min/V  max 
mA  max 
mA  max 
mW  max 

NOTES 

'Operating  temperature  ranges  as  follows;  J  versions:  0  to  +70°C. 

^Specified  for  an  input  frequency  of  288kHz.  This  is  internally  divided  by  S  to  produce  a  switched  capacitor  filter  frequency  of  S7.6kHz.  For  input  frequencies 
lower  than  288kHz,  the  filter  lespmse  is  shifted  down  by  die  Mio  of  this  input  fiequensy  n>  ZfflkK:. 
'Measured  using  a  ±3V,  IkHz  sine  wave. 

^Measured  over  the  full  attenuation  range.  ^ 
'Required  to  derive  a  switched  capacitor  filter  frequency  (rf288cKz  firan  CLKIN.  ^ 
'^Determined  by  data  transmission  rate. 
SpedficaiiiiBiriabim  ndiiage  iridinit  notiffi. 


mmmmt 

TIMING  CHARACTERISTICS^ 

{V„ =¥„ = +W  ±5*.  »»=  -W  ±S3M 


Parameter 

Limit  at 

Units 

Comments 

80 

ns  min 

Write  Pulse  Width 

tos 

60 

ns  min 

Data  Setup  Time 

'dh 

20 

ns  min 

Data  Hold  Time 

tsYNCIN 

80 

ns  min 

SYNCIN  Pulse  Width 

NOTE  ^ 

'TWng  specifications  are  sample  tested  at  -^2$'^!  &  ieiiMR  cbn^ilumce.  All 

iiqmt  control  signals  are  specified  with  tK=tF=20iu  (10%  to  90%  cif  +SV) 

anl  timed  fiom  a  voltage  level  of  +  1.6V. 
^■rrifkariom  subject  to  change  without  notice. 


-■i- 


V///////))C 


DATA  VALID 


NOTES 

1.  ALL  INPUT  SIGNAL  lUSE  AND  FALL  TIMES  MEASURED  FROM  10%  to  90% 
Of +SV.tr=tf=20te.-. 


Figure  1.  Timing  Diagram 


ifflsoLUTE  MJiacnt&Ak  VAti^^* 

Vdd  to  AGND   

Vcc  to  DGND  ,  

VddWVcc   ■ 

VsstoDGND  .  .... 

AGND  to  DGND  

RXIN,  TXIN  to  AGND   Vjs  -0.3V 

RXOUT,  TXOUT  to  AGND'    .  .  .  Vjs  -0.3V 

Digital  Input  Voluge  to  DGND  -0.3V 

Power  Dissipation  (Any  Package)  to  +75°C  .  .  . 
Operating  Temperature 
J  Versions  


-0.3V  to  +7V 
-0.3V  to  +7V, 
-0.6V  to  +0.6V 
+0.3V  to  -TV 

.  -0.3V  to  Vcc 
to  Vdd  +  0.3V 
to  Vdd  +  O-SV 
to  Vcc  +  0-3V 
....  lOOOmW 


.  0  to  +70°C 


Storage  Temperature  Range   -65°C  to  +  150°C 

Lead  Temperature  (Soldering,  lOsecs)   +300°C 

NOTE 

'RXOUT,  TXOUT  may  be  shorted  to  AGND,  DGND,  Vcc.  Vjs 

provided  that  the  power  dissipation  of  the  package  is  not  exceeded. 

^Stresses  above  those  listed  under  "Absolute  Maximtun  Ratings"  may  cause 
pennanent  damage  to  the  device.  This  is  a  stress  rating  only  and  ftmctional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indi- 
cated in  the  operational  sections  of  this  specification  is  not  implied.  Expo- 
sure to  absolute  maximum  rating  conditions  for  extended  periods  of  time 
may  affea  device  reliabiUty.  Only  one  absolute  maximum  rating  may  be 
1  at  ans!  (me  time. 


CAUTION   i  

ESD  (electrostatic  discharge)  sensitive  device.  The  digital  control  inputs  are  diode  protected; 
however,  pennanent  damage  may  occur  on  imcoimected  devices  subject  to  high  energy  electro- 
static fields.  Unused  devices  must  be  stored  in  conductive  foam  or  shimts.  The  protective  foam 
«hBuldbe^|iil!h[iilj|Bil»g#Me8tiiMitiim8a^^    -  


ORDERING  GUIDE 


Temperature 

Package 

Model 

Function 

Range 

Option* 

'i.i 

AD7341JN 

Transmit  Filter 

0°C  to  +70°C 

N-24 

AD7341JP 

TransmitFilter 

0°C  to  +70'C 

P-28A 

AD7371JN 

Receive  Filter 

0°C  to  -l-70°C 

N-24 

AD7371JP 

Receive  Filter 

0°C  to  +70°C 

P-28A 

*N  =  Plastic  DIP;  P  =  FUsQC  Leaded  Chip  Carrier  (PLCC).  For  outline 
information  see  Package  Information  section. 
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DS2^ 

24]  NC 

Dsi[r 

23]  DB2 

22]  NC 
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Veep? 

It]  Me 

SYNCH  Qj 

TERMINOLOGY 
Cutoff  Frequency 

The  filter  cutoff  frequency  is  the  point  in  the  response  where 
the  amplitude  begins  to  fall  off.  For  the  AD7341  and  AD7371  it 
is  defined  as  0.  IdB  down  from  the  lowest  point  in  the  passband. 
The  AD7341  low  piss-  filter  has  one  cut  off  frequency  at  S.SkHz 
while  the  AD737I  band  pass  filter  has  a  lower  cutoff  frequency 
of  180Hz  and  an  upper  cutoff  fiequency  of  3.SkHz. 

Signal-to-Noise  Ratio  (SNR) 

Signal-to-noise  ratio  (SNR)  is  the  measured  signal  to  noise  at  the 
output  of  the  filter.  The  signal  is  the  rms  magnitude  of  the  fim- 
damental.  Noise  is  the  rms  simi  of  all  nonfimdamental  signals 
(including  harmonics)  :up  to  3.5kHz.  _  _  , 

Second  Harmonic  , 

Second  harmonic  is  the  ratio  of  the  second  harmonic  alnpUt^^ 
to  the  fundamental  amplitude,  expressed  in  dBs. 

Third  and  Higher  Harmonics 

This  is  the  amplitude  ratio  of  the  rms  sum  of  the  third  and 
higher  harmonics  to  the  fundamental,  expressed  in  dBs.  Total 
harmonic  distortion  (THD)  is  the  rms  sum  of  the  second  har- 
monic and  the  third  and  higher  harmonics. 

Passband  Ripple 

This  is  the  ripple  in  the  passband  section  of  the  frequency  re- 
sponse and  is  expressed  in  dBs.  For  the  AD7341,  it  is  meastned 
in  the  band  0  to  3.3kHz,  and  for  the  AD7371  it  is  measured  in 
fbe  band  200Hz  to  3.3kHz. 

Passband  Gain  Error 

Passband  gain  error  is.  the  deviation  of  the  actual  passband 
level  from  the  ideal  passband  level.  For  the  AD7341,  'it  is 
measured  with  the  attenuation  set  to  OdB  (DB2-bB7^1);  ' 
for  the  AD7371,  it  is  measured  with  the  gain  set  to  OdB 


Stopband  Rejection 

This  is  the  magnitude  of  the  stopb^diiesponse  relative  to  the 
passband  magnitude.  Thennqstep^^  M^HFIbr  fixquencies 
greater  than  6.  IkHz.       —  t  '  , — ! — t 

Differential  Group  Delay 

Absolute  gntiijp  d^y  is  the  rate  of  change  of  phase  versos'  fre- 
qaencyv^df.  F<»  the  AD7341  and  AD7371,  differential  group 

delay  is  the  absolute  group  delay  in  a  specified  band  relative  to 
the  absolute  group  delay  at  IkHz.  The  specified  band  for  the 
AD7341  is  0  to  3.3kHz  and  for  die  AD7371,it  is  SOOH?  to 
3.3kHz.     -:  -.-f  J— i  tf  1    I  -4-^ 

Offset  Voltage 

This  is  the  amount  of  offset  introduced  into  the  input  signal  by 
the  filter.  For  the  AD7341  it  is  measured  with  the  attenuation 
set  at  OdB,  and  for  the  AD7371  it  is  measured  with  the  gain  set 
at  OdB. 

Attenuation  Range 

For  the  AD7341,  this  is  the  amount  by  which  the  output  can  be 
attenuated,  using  the  digital  inputs  DB7-DB2.  Table  1  gives  a 
selection  of  anenuations  for  various  values  of  digital  input. 

Gain  Range 

For  the  AD7371,  this  is  the  amount  by  which  the  input  can  be 
amplified,  using  the  digital  inputs  DB7-DB0.  Table  VI  gives 
gain  versus  digital  input  code. 

Relative  Accuracy 

This  is  a  measure  of  the  accuracy  with  which  either  the  AD7341 
attenuation  or  the  AD7371  gain  can  be  programmed,  having 
allowed  for  the  passband  gain  error.  It  is  expressed  in  dBs^  rela- 
tive to  atteniMtion  or  {gain  setting  with  a  digital  input  code  of 

m  Is.  '        " " 
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AD7341/AD7371 


TYPICAL  PERFORMANCE  CURVES  (v„„=y„-?j;5y,  Vj^=-5v, 

^cLxiH — 288kHz,  Tj^  —  +25'*C  unless  othsiwise  ststed) 


Figure  2.  Att^M'  MftfiKMlei  Figure  3.  AD7371  Amplitude  Figure  4.  AD73M  Mise  Response 

Respor}se  Response 
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AD7341/AD7371 

AD7341 IHP  PIN  FUNCTKKN  DESCRIPTION  , 

M 

MnemoiiiG 

Descriptioii                                                 .  c  ■!(  (.j-  .^(,1^, 

1  Signal  output  pin  from  fflter.    •    i 

2  Vss  Negative  supply  pin  for  the  device.  This  is  — 5V  ±  5%. 

3  SYNCOUT       This  output  pulse  is  derived  from  the  SCF  (Switched  Capacitor  Filter)  clock  and  can  be  used  in  system 

synchronization.  The  pulse  frequency  is  fsvNcouT  =  fcLKiN  '  (Nlx5xN2),  where  fcLKiN  is  the  input 
'  5    frequency  at  CLKIN,  Nl  is  the  va.ue  loaded  to  the  input  progranunable  divider  and  N2  is  the  value 
jd  i-i  .b  .-iw  tsibnawps  loaded  to  the  output  programmable  divider.  Nl  is  set  by  DPO  and  DPI  (see  Table  II).  N2  is  set  by  DSO, 
DSl  and  DS2  and  varies  from  1  to  8.  Table  I  shows  the  typical  SYNCOUT  frequencies  which  can  be  set 


A 

TIC? 

< 

6 

DSO 

7 

DGND 

8 

Voc 

9 

SYNCIN 

10 

11 

DPO 

12 

CLKIN 

13 

WR 

14-19 

20 

NC 

21 

NC 

22  - 

23 

Vdd 

24 

TXIN 

when  fci,KiN    288kHz  and  Nl  is  1. 

UnlatchefJ  digital  input  which  is  used  to  set  SYNCOUT  frequency.  See  Table  I. 


Unlatched  digital  input  which  is  used  to  set  SYNQOUT  ftpfpumyt  Sm'&UlSl- 


uK  -.1 


Unlatched  digital  input  which  is  used  to  set  SyON^V:V'&wmieiluStliX^^l 

Ground  point  for  on  chip  digital  circuitry.  '  -  :o'  ! 

Positive  supply  pin  for  the  on  chip  digital  circuitry.  This  is  +SV  ±  5%. 

This  asynchronous  digital  input  ressts  the  internal  clock  circuitry  from  which  SYNCOUT  is  denved.  TW> 

^ows  SYNCOUT  to  be  synchronized  to  an  external  signal.                                        i  (O  Oi 

p jilnljitrhfd :<UgitaM)i^^t PM.]»^i<%  i»wed  to  mMnie  a^aik  lk*(3JKIii^tSpat,  See  Tat^ESl  1 1 

Unlatched  digital  input  pin  which  is  used  to  set  divide  ratio  on  the  CLKIN  input.  See  'Ptt&lE  il 

Clock  input  for  the  device.  This  is  internally  divided  to  produce  the  SCF  clock.                ,  :  f  I 

Active  low  digital  input.  Data  for  the  on  chip  programmable  attentiatioB  is  loaded  to  the  input  latch  when 

this  signa)  ffii^  (ow.and  is  latched  when  it  goes  high.               ^i-             .                '  "i  . -t-i 

Sisfibit  dan  bus  iriiidi  sets  the  at^j^gati^  le!(idi(^,^i«|uOTbr$e«IJ'9ble  in.              niOA  SS. 

No  connect.    7? i  ai  ^^HT  .V'«ic-DlH  soi.iiiK  ;      v.  ■;(!•  Ki'i  :  ■  v.  ,  .                                    •'  £S 

No  connect.                                                                                          A'.'/Jl  14 
~tMlBia'pn&ff  Sff^die  ^HC&ip  antf(^                              '         "  "  ~ 
Positive  supply  pin  for  the  on-dbip  imalog  cocutov.  Tlus  is -fSV  ±  5%.         -  ...^ 

Filter  input.  -i  ^ 


Table  I.  Settir^  SYNqOUT  Frequency  Using  DS2,  DSl,  DSO 


Table  II.  Setting  CLKIN  Divide  Ratio  Using  DPT,  DPO 


SYNCOUT 

DS2 

DSl 

DSO 

Frequency 

0 

0 

0 

7;2kHz 

0 

0 

1 

57.6kHz 

0 

1 

"^0 

'  2«.SkHz 

0 

1 

1 

I9.2kHz 

1 

0 

0 

14.4kHz 

1 

0 

1 

11.52kHz 

1 

1 

0 

9.6kHz 

1 

1 

1 

8.22kHz 

■  ',%tVi'7  

t>Pl 

CLKIN  Divide 

DPO 

Ratio,  Nl 

0 

0 

4 

0 

1 

1 

1 

0 

2 

1 

1 

3 

Table  III.  Output  Attenuation  vs.  Digital  Input  Code 


_     I   - 

1 

DB7 

DB6 

DBS 

DB4 

DB3 

DB2 

Attenuation 
dB 

1 

1 

1 

1 

1 

0 

0 

1 

1 

1  1 

1 

-6 

0 

0 

1 

1 

1 

-12 

0 

0 

0 

1 

1 

-18 

0 

0 

0 

0 

1 

-24 

■  0 

0 

0 

0 

0 

1 

-30 

',  0 

0 

0 

0 

0 

0 

-38 

.1 
6. 

0 


it 
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-A0737ti>IP  MN  FUNCn<»4  DESCRIPTION 


10 

11 

12 
13 

fi-.'  ■ 
14-21 

22 
23 
24 


RXOUT 



SYNCOUT 


Signal  output  pin  bom  filter. 

Negative  supply  pin  for  the  device.  This  is  -5V  ±  5%. 


This  output  pulse  is  derived  from  the  SCF  (switched  capacitor  filter)  clock  and  can  be  used  in  system 
synchronization.  The  pulse  frequency  is  fsvNcouT  =  fcLKiN  '  (Nlx5xN2),  where  fcLKiN  is  the  input 
frequency  at  CLKIN,  Nl  is  the  value  loaded  to  the  input  programmable  divider  and  N2  is  the  value 
loaded  to  the  output  programmable  divider.  Nl  is  set  by  DPO  and  DPI  (see  Table  V).  N2  is  set  by  DSO, 
DSl  and  DS2  and  varies  from  1  to  8.  Table  IV  shows  the  typical  SYNCOUlj£N|peB^t  iMch  can  be 
set  when  fcLKiN  is  288kHz  and  Nl  is  1. 


Unlatched  ifigital  input  which  is  used  to  set  SYNCXJOT'  fineqtiraicy .  See  Table  IV. 


DSl 
DSO 

'11619 

Vcc 

SYNCIN 
DPI 

wm^'y  ■>'>'' 

WR 

DB7-DB0 
AGND 

Vdd 
RXIN 


Unlatched  digital  input  which  is  used  to*  i«  STFNCOUT  frequency.  See  Table  IV. 
Unlatched  digital  input  which  is  used  to  8«  SYNCOUT  frequency.  See  Table  IV. 
•^eaad^M^for  clft^p!%M  dwuitry.  ^ 

Positive  supply  pin  for  the  on  chip  digital  ckcuitry.  This  is  +5V  ±  5%. 


This  digital  input  resets  the  internal  clock  circuitry  from  which  SYNCOUT  is  derived.  This 

allows  SYNCOUT  to  be  synchronized  to  an  external  signal.  ' 

Unlatched  digital  input  pin  which  is  used  to  set  divide  ratio  on  the  CLKIN  input.  See  Table  V. 

iKiIindfeadi^  bitHirfiiiif  «4ikft  is  ti«^    «r&ViaeiiiSD  oii  di«^(^K]K  iiqnit-  SeeTabkl'V. 

Clock  input  for  the  device.  This  is  internally  ^V&ed^fa  produce  the  SCF  clock. 

Active  low  digital  input.  Data  for  the  on  chip  prograitunable  gain  is  loaded  to  the  input  latch  when  this 
^ogna)  (pe^low  and  is  latched  when  it  goes  hi^.  ^'V 

Eight-bit  data  bus  which  sets  the  gain  level  on  the  input; ^See  TaWe  VI;.' 

Gronnd'point  fw  the  <ni-cfaip  analog  circuitry.        . .m  iKir.  •     '  .  .       ' ^         £?'  i-  !;w 

Positive  supply  pin  for  the  on-diip  analog  dicu&ry.  This  is  +SV  ±  S%.  '-'^ 

Filter  aipit.  '  '  '• 


Table  IV.  Setting  SYNCOUT  Frequency  Using  DS2,  DSl, 
DSO 


TaUe  V.  Setting  CLKIN  Divide  Ratio  Using  DPI  DPO 


DS2 

DSl 

DSO 

SYNCOUT 
Frequency 

DPI. 

DPO 

CLKIN  Divide 
Ratio,  Nl  - 

0 
0 

'  0 

0 
1 

7?^ 
57:fiKHz 

0 
0 

0 
1 

4 

1 

0 

1 

0 

28.8kHz 

0 

2 

0 

1 

1 

1 

19.2kHz 
14.4kHz 

I 

3 

0 

0 

1 

0 

1 

ll.S2kHz 

..  ' 

1 

1 

0 

9.6kHz 

1 

1 

1 

8.22kHz 

Table  VI.  Input  Gain  vs.  Digital  Input  Code 


DB7 

DB6 

DBS 

DB4 

DB3 

DB2 

DBl 

DBO 

Gain 
dB 

0 

0 

0 

0 

0 

0 

0 

0 

24 

0 

0 

0 

0 

0 

1 

1 

1 

21 

0 

0 

0 

0 

0 

0 

1 

18 

0 

0 

0 

1 

1 

1 

1 

IS 

0 

0 

1 

0 

0 

1 

1 

12 

0 

1 

0 

0 

0 

0 

0 

9 

0 

1 

1 

1 

0 

0 

0 

6 

1 

0 

1 

0 

0 

0 

0 

3 

1 

1 

1 

1 

1 

1 

1 

0 
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AD7341  Filter 

The  AD7341  transmit  filter  performs  the  leconstmction  or 
smoothing  function  for  the  transmit  chaimel  D/A  converter. 
Figure  11  is  the  block  diagram  for  the  filter  and  programmable 
attenvaoiw  sectioQ.  | 

>1  ?  " 

■    •  O  J« 


single  ended  to 
differential 
gMMbision 


7TH  ORDER  LP 
SWITCHED  CAPACITOR 
ALTER 


rm  ORDER  LP 
SWITCHED  CAPACITOR 
FILTER 


TXOUT 

Figure- 11.  Ab734l  Filter  Section 

The  transmit  channel  signal  is  applied  at  TXIN  and  is  converted 
to  a  differential  signal.  It  then  goes  to  the  fully  differential 
switched  capacitor  low  pass  section.  This  is  a  seventh  order  el- 
liptical filter  which  gives  a  3.5kHz  cut  off  frequency  and  stop- 
band  attenuation  of  greater  than  70dB  at  frequencies  above 
6.1kHz.  The  use  of  the  differential  filter  structure  ensures  an 
excellent  harmonic  distortion  figure  and  also  gives  improved  re- 
jection of  common  mode  noise  such  as  clock  feedthrough  in  the 
switched  capacitor  switching  transistors.  The  filter  cut  off  fre- 
quency depends  directly  on  the  clock  driving  the  switched  ca- 
pacitor section  and  upon  the  capacitor  matching.  Capacitor 
matching  is  typically  better  than  2%  and  this  means  that  if  the 
clock  is  constant,  cut  off  frequency  variation  from  device  to  de- 
vice will  be  less  than  2%.  Since  the  switched  capacitor  filters  are 
sampled  data  systems  (analog  data)  with  a  sampling  frequency  of 
S7.6kHz,  they  must  be  followed  by  a  smoothing  filter  to  remove 
aliased  components  due  to  this  clock.  This  smoothing  filter  is  a 
second  order  low  pass  continuous  time  section.  The  differential 


single  ended  signal.  The  level  of  SCF  clock  feedthrough  at  the 
output  is  typically  — 65dB.  This  can  be  further  reduced  by  using  • 
a  simple  RC  combination  at  the  output  (39kn  and  lOOOpF  re- 
duce the  feedthrough  to  -80dB).  The  second  order  filter  shown 
in  Figure  22  reduces  it  to  below  -90dB.  After  recombination  of 
the  differential  signals,  a  programmable  attenuation  stage  fol- 
lows. The  attenuator  circuit  diagram  is  shown  in  Figure  12.  It 
consists  of  an  8-bit  multiplying  DAC  with  the  two  LSiSi^ffil, 
DBO)  tied  high.  The  transfer  function  is  given  by: 


A=20  log 


156 

4N-I-3 


where  A  is  the  attenuation  in  dBs  aof^  ]!f  is,.t|^  6-bit  binary  code 
laded  to  the  device,  Exj^esan^'N  i^i^tlie  .oi  A  gives: 


256 


-3 


DB2  DB7 


Figure  12.  AD7341  Output  Attenuator 

This  allows  the  calculation  of  the  device  input  code  for  a  given 
output  attenuation.  The  attenuation  range  is  0  to  38dB  and  al- 
lows the  user  to  adapt  the  output  signal  for  different  line  specifi- 
cations. Figure  13  shows  how  attenuation  varies  with  input 
code,  and  Table  III  gives  a  selection  of  attenuations  for  specific 
codes. 


DEVICE  INPUT  CODE  (N)  IN  DEaMAL 


Figure  13.  Programmable  Attenuation  vs.  Input  Code  for 
theAD7341 
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AD7341/AD73Zl^^ 


lSD73npmi  

The  receive  fiUer  perfoite  the  antiftHasiftg  function  for  there^ 
ceive  channel  A/D  eenvKter.  It  provides  lejectsoa  jof  higli  &e-  l^: 
qaency  out-of-band  signals,  attenuation  c^.bw  frequency  noise 
at  both  5dHz  and  60%'Hn& frequencies  ancl^riogiam^bie  gain 
for  dietiiqpuf<sig&al.  Figure  -14is.thenkloclcdis%ram  for  the  tilter 
and  ppag^riawwhie  pritf  sectiori.  - '>'u-  ^ 


..i'.d  u.ij  -^i..  -Mm  -;.,U  , 


T0TOZ«dB) 
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FILTER 


2N0ORIXRLP 
CONTINUOUS  TIME 
FILTER 


4TH  ORDER  HP 
SWITCHED  CAPACITOR 
RLTER 


4TH  ORDER  HP 
SWITCHED  CAPACITOR 
FILTER 


7TH  ORDER  LP 
SWITCHED  CAPACITOR 
FILTER 


7TH  ORDER  LP 
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FILTER 
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IlH>m{Rit  s^id  i8!apt)lied'at-SXIM'a&d:^ass^tliit^  ' 
programmable  gain  stage.  Figure  IS  shows  the  circuit  diagram 
for  this.  It  consists  of  an  8-bit  multiplying  DAG  and  resistor 
combin^on  in  the  feedback  loop  of  an  operational  aa^i^a. 
The  trai|sfer  function  is  given  by: 

G  is  the  gain  in  dBaj^od  N  is  the  8-bit  binary  code  loaded  to  the 
device.  VaiyiiigJlikLocide  between  0  and  2S3  gives  a  gain  range 
of  24dBlta  Sdp.  ^pressing  N  in  terms  of  G  gives: 

'  272.2 

;  N  =  jgip,-  17.2 


mo  DB7 

LA. 


Figure  IS.  AD737T  Programmable  Gain  i/^mplifier 


This  equation  can  be  used  to  calculate  the  code,  N,  needed  to 
give  the  desired  gain,  G.  Figure  16  is  a  graph  of  gain  versus  in- 
put code,  am^^^^■^n  ^fes  a  sejjKtuxM^g^i^  for  specific 
codes.  I         = -J 


-n 

1 

DEVICE  INPUT  CODE  IN)  IN  DECIMAL 


Figure  16.  Programmable  Gain  vs.  Input  Code  for  tfie 
■AD7371  -j-jj  e'=q  *<H  ...    .    .     ^  ■ 

>     -  ■  ■      .         .     •e.t  ..wiv       ■■■■  - 

After -^'FQA-stage,' thenixive  agaal  is  oonvened  ta  sfidly 
diffotmial  signal' b^me  gcdog  to^^d^eientiatifilteii^  Tht  ' 
firat  dMfeew^  filter  is  a  second  ordet%onl^iMras  lame  section.:* 
TMs  is  ttgcesHu^  n)  provide  ahtialiasiiig  for  >tilie  sampling  i 
switctei  c^adH^  fillip.  The  oantinuous>time  filter  eKmimitffS  ' ' 
any  hijb  fieqaency  components  from  the  iiqniiagiial  tAi^- 
would  be  aliased  back  into  the  passbaadoiCij^arildied'Capaci^.. 
tor  filter  and  appear' as  noise.  Following  lllk  OMiiinioiis  timfe  '  i 
filter,  the  fourth  order  elliptical  high  pass  switched  capacitor 
section  has  a  cutoff  frequency  of  180Hz,  and  the  seventh 
order  elliptical  low  pass  switched  capacitor  section  has  a  cutoff 
firequency  of  3.5kHz.  As  in  the  reconstruction  filter,  the  cutoff 
frequency  variation  from  device  to  device  for  fixed  CLKIN  is 
typiciUyiess  than  2%.  On  recombination.<^tte'<iW(eienidn  .  j 
signals,  the  output  goes  to  RXOUT. 
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-:  •■     . ,    -i       vi-n  -jU!       -      .  ii        -   -  >  -t.^-  ;  A  'rf :  -'UK 
SCRCtbdEtand  Sjwiem  Sfnchronizatioii 
Thetdock  geneniiion  drctdtiy  for  both  the  AD7341  and  the 
AD7371  is  identical  and  is  shown  in  Figure  17.  For  the  speci- 
fied filter  response,  the  switched  capacitor  clock  must  be 
57.6kHz.  This  means  that  CLKX  in  Figure  17  must  always  be 
288kHz  (57.6kHzx5).  The  input  programmable  divider  allows 
the  user  the  option  of  four  CLKIN  frequencies  (288kHz, 
S76kHz,  864kHz  or  llS2kHz).  The  input  divide  catt  diea  be 
programmed  to  ensnre  that  CLKX  is  288kHz. 

mag  ultau  hiv     1  [_ 

-  '■■■■■•5cIjH«-»^ 
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Figure  17.  AD7341/AD7371  Clock  Generation  Circuitry.  :. 

The  AD7341  and  the  AD7371  are  always  used  with  a  DAC  and 
ADC  respectively.  The  DAC  and  ADC  update  and  sample  at  a 
certain  rate  (9.6kHz  or  7.2kHz,  for  example).  The  filters  sample 
at  57.6kHz.  In  order  to  ensure  that  there  is  no  low  frequency 
aliasing,  the  DAC/ADC  rate  must  be  synchronized  with  the  SCF 
clock.  This  means  the  SCF  rate  must  be  an  integral  multiple  of 
the  DAC/ADC  rate.  The  AD7341/AD7371  actually  generates 
this  requiiol  synchronized  clock  on  chip.  The  output  program- 
idible  (divider  allows  division  of  the  SCF  clock  by  1  to  8.  Th^  ' 
divide  mtib  is  defebi&&d't^  &ipbts  bS6^DS2       timpr&eS'  ' 

,  il  »»ijr/o»q  >•  ■  <  i  '  . 
- .  art  l>aw.-J  sA  n  ,  -.li-.  ■  • 


A07341 
CUUN 


the  programmable  dhridCT  goes  to  SYNCOUT  which  is  Am 
used  to  drive  either  the  CX)NVST  input  of  an  ADC  or  tfte^  '' 
LDA0  iB|>M      gOtC-jhe  output  programmablg^Bvitt  ttNt^' 
has  )(>itea<tt^iri^:(SYN0N).  This  is  normalljntied'l^/'Wh^'^ 
it  is  brought  low,  the  coimter  is  reset.  On  returning  high,  the 
counter  is  reactivated.  By  using  this  SYNCIN  facility,  it  is  pos-  ■ 
sible  to  adjust  the  point  in  time  at  which  sampling  occius  while 
maintaining  the  same  rate.  This  is  useful  in  modem  applicationaf ' 
and  is  known  as  cycle  slipping.  Figure  18  shows  the  complete 
timing  waveforms  for  the  AD7341/AD7371. 

JllM""'lIlIUMUW"'lin^ 


Figure  18.  Ab7341/AD7371  Timing  Wave^^ms 

APPLYING HIE  ADmi/7371  -  — 

The  prime  application  for  the  AD7341/7371  is  in  the  analog 
fiont  end  for  echo-cancelling  modems.  Here,  the  filters  are  com- 
bined f«ith  a  bi^  resplu^pn  OA^Md  AI}C|^dN#|#j)ii#>iM 
tar&ce  bietween'the  analog  and  tlie  mghal  mo^.  The  eBBelieat 
noise  performance  of  the  AD7371  and  the  high  resolution  of  the 
AD7871  (14-bit  ADC)  combine  to  allow  the  modem  echo- 
cancelling  loop  to  be  implemented  totally  in  the  digital  domain. 
This  overcomes  the  disadvantage  with  lower  resolution  systems 
which  need  to  do  a  digital  approximation  of  the  echo  and  recon- 
struct ia  analog  form  for  an  analQ 


Conversely,  in  the  modecil  fiaAsmitter,  the  combination  of 
AD7341  and  high  resolution  DAC  (14-bit  AD7840)  allows  trans- 
mission of  the  signal  with  minimum  impairments  to  the  line. 

Figure  19  shows  a  typical  hardware  interface  between  the  analog 
firont  end  chipset  and  the  ADSP-21i)l  iD%  l^o-cMttsdWui  mo- 
dem. The  ADSP-2101  is  the  new  Cl^  mioraeoa^Hteriiqi!  Im- 
dog  Bi«iiei..|PiilU  iMgjAil  mett^  iM6tm$&idSl^M^m^ 

'  ■    '  'i.' .1   ';rt<i  ;.r.Hoi-.;  nL'  ni  ^maa  t-'  cr: 

i'       ■      .  •  rr!ii:>         rf-vs^  no  J) t.-    i  K 
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Figure  19.  Modem  Analog  Front  End  and  Interface  to  ADSP-2101  DSP 
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iSd  is  code  compatible  with  the''XDSP^2I00.  It  also  has  two 
serial  pens.  The  particular  configuratkn^  tbemiLiit  Figure  19, 
uses  the  serial  interface  on  both  the  ABt^MO  and^ADTS?!  to 
talk  to  one  of  the  ADSP-2101  serial  ports.  The  system  timing 
diagram  is  shown  on  Figure  20.  The  288kHz  clock  drives  die 
two  filters  and  the  ADC.  The  SYNCIN  pulse  may  be  used  to 
set  the  absolute  sampling  instant.  DSO,  DSl  and  DS2  on  the 
AD7371  are  programmed  to  give  a  9.6kHz  SYNCOUT  signal. 
This  drives  the  AD7871  CONVST  input  and  is  thus  the  sam- 
pling rate.  SCLK  on  the  AD7871  clocks  out  serial  data  on  its 
rising  edge.  SSTRB  is  the  framing  pulse  for  the  serial  data. 
Within  this  framing  pulse,  a  16-bit  data  stream  is  output  on  the 
SDATA  line.  Each  data  bit  is  valid  on  the  falling  edge  of 
SCLK.  There  are  two  leading  zeros  and  the  14-bit  conversion 
result  appears  after  these.  When  RFS  on  the  ADSP-2101  goes 
low,  data  appearing  on  DR  is  clocked  into  the  receive  shift  reg- 
ister on  each  falling  edge  of  SCLK.  Once  the  16  data  bits  have 
been  received  an  internal  interrupt  is  set  and  the  processor  can 
read  the  d«ta,_   _j   - 


■t4  awr-n 


 r— ^"^-nr 
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Figure  20.  System  Timing  for  Figure  19 
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TIk  circllit^^FiKU|lesl9abo  «se»tbe  SSTRB  aguiv>,^b»m  i 
the  transmit  data  from  the  DSP  .  Thus,  when  SSTRB  goes  low, 
data  contained  in  the  tnmsmit  shift  register  of  the  DSP  is 
clocked  out  on  each  rising  edge  of  SCLK.  The  AD7840,  in 
turn,  loads  each  data  bit  into  its  input  register  on  the  SCLK 
falling  edges.  The  DAC  oujtpnt  is  ucdat^  when  16  data  trits 

have  been  received.        I  i 

I  -  -  - 

I  '**    —  - 


Using  the  ADSP-2101  and  the  chipset,  the  modem  hardware  is 
simpUfied.  The  number  of  lines  reqtuifd  tt^jsanoect  the  chips  is 
much  less  than  a  parallel  interface  stoattaae VDidd  need  and  no 
external  glue  logic  is  required.       Ae  :  ran  . 

i  j'.iVi>  art)  .iv:  '  ■ 

CHIPSET  LAYOUT 

Figiure  23  is  the  circuit  diagram  for  a  modem  analog  front  end 
based  on  the  Analog  Devices  chip  set.  The  component  overlay  is 
given  in  Figure  21,  while  the  PCB  layout  is  given  in  Figures  24 

and  25. 

The  modem  analog  front  end  uses  the  AD7341,  AD7371, 
AD7840  and  AD7871.  Total  channel  SNR  performance  is  better 
than  72dB  with  a  full  scale  input  signal  and  unity  gain  on  the 
filter  chips.  The  14-bit  resolution  of  the  converters  gives  an  in- 
stantaneous dynamic  range  of  84dB.  If  greater  dynamic  range  is 
required,  then  the  AD7371  PGA  can  be  used  to  give  up  to 
24dB  eKtra. 

The  evaluation  board  makes  fiill  use  of  t^  flexible  inter&ces  on 
the  AD7840  and  the  AD7871:.  Jl  is  a  96^my  VME  bus  connec- 
tor which  carries  the  parallel  interface  for  die  board.  This  plugs 
directly  into  the  connector  on  the  evaluation  boiod  for  the 
ADSP-2100,  which  is  another  in  the  Analog  Devices  family  of 
Digital  Signal  Processors  and  is  code  compatible  with  the 
ADSP-2101.  Thus,  direct  interfacing  beljween  the  boards  is  pos- 
sible. All  the  signals  necessary  for  inl£t£idi%  to  other  DSPs  are 
available  on  Jl.  The  9- way  D-Type  ooiineclar,;^)ij;|trie;  the 
serial  interface  for  the  board.  This  allows  VSP*  niillMild  ports 
to  interface  directly  to  the  chipset. 

Power  supplies  used  to  operate  the  board  are  ±  15V  analog  sup- 
plies and  a  single  -H5V  digital  supply.  A  ±5V  analog  supply  is 
derived  from  the  ±15V  supply  by  using  the  78L05/79L05  regu- 
lators. This  supply  is  used  for  the  AD7341,  AD7371,  AD7840 
and  AD7871.  The  supply  grounds  are  tied  together  on  the  board 
so  that  there  is  no  need  to  have  them  coimected  back  at  the  sup- 
ply source. 

The  analog  input  and  output  ranges  are  both  ±  lOV.  The  analog 
input  is  attenuated  by  ICl  and  associated  circuitry  to  give  the 
required  ±3V  input  range  for  the  filter  and  ADC.  Likewise,  the 
analog  output  from  the  reconstruction  filter  (±3\0  is  gained  ^p  . 
by  the  output  amplifier  (IC6)  to  give  a  ±  lOV  output.  This  giit-  , 
put  amplifier  also  contains  a  simple  second  order  filter  to  filmier 
attenuate  the  switched  capacitor  dock  noise    the  output.  ..^  .  ^ 

There  are  three  digital  inputs  to  the  board.  These  are  CLKIN, 
ADC  SYNCIN  and  DAC  SYNCIN.  CLKIN  provides  the  clock 
for  the  ADC  and  filters.  The  DIP  switches  on  the  board  have 
been  set  up  to  accept  a  nominal  clock  of  288kHz  for  the  filters. 
ADC  SYNCIN  and  DAC  SYNCIN  can  be  used  to  resynchro- 
nize  the  filters/conv^ters  widi  an  external  synchronizing  signd. 
If  this  is  not  required,  tlien  both  of  these  inputs  should  be  tied 
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Figure  21.  Component  Overlay  for  Circuit  of  Figure  Zl 


Parallel  Interface 

If  the  parallel  interface  is  required,  then  the  four  latch  chips 
(IC7  to  ICIO)  should  be  inserted  into  the  sockets  provided. 
Links  L16,  L17,  L18,  L3  and  L6  should  be  omitted.  This  iso- 
lates the  serial  port  from  bus  activity.  Link  LIS  should  be  in- 
serted to  choose  14-bit  parallel  operation  for  the  ADC.  Omit 
links  L14  and  L13.  Internal  or  external  clock  operation  for  the 
ADC  may  be  chosen  by  Lll  and  L12.  Lll  gives  external  clock 
operation,  while  L12  gives  internal  clock  operation.  AD7871 
conversion  is  started  by  CONVST  (pin  1)  going  low.  When  con- 
version is  complete,  INT/BUSY  (pin  4)  goes  low.  IC13  extends 
this  pulse.  This  is  then  used  to  read  the  ADC  result  into  the 
latches  and  to  interrupt  the  processor.  The  processor  interrupt 
service  routine  then  reads  the  latch  contents.  Note  that  the  data 
format  is  14  bits  with  sign  extension  to  16  bits. 

On  the  AD7840  insen  L2  to  tie  the  chip  select  low  and  omit 
LI.  Insert  L3  to  use  SYNCOUT  of  filter  to  write  to  the  DAC 
and  omit  L4.  Thus,  the  processor  writes  data  to  the  latches  and 
the  DAC  gets  updated  on  every  rising  edge  of  WK/iSy  NC.  The 
data  format  is  14-bit  right  justified. 

Serial  bterfiuc 

If  the  serial  interface  is  required,  then  omit  the  four  latches 
(74LS374)  and  use  the  serial  connector  <J2).  Links  LS,  L6, 
L16,  L17  and  LIS  mtist  be  inserted.  Omit  LIS  and  insert  LI4. 
This  places  the  AD7871  in  serial  mode  of  t^eratian  with  contin- 
Toaaify  ttaaiits  SCUC.  As  in  the  pacdld  made,  caiivenfcm  is 


started  by  CONVST  going  low.  Sefial 4a&ipssa«  on  Pin  9 
(SDATA)  as  conversion  is  ^king  pine,  «l^j|^k  btched  into  the 
pitKessor  ^lift  li^ster  on  ^fli  f^jpge^'Sl^CLx..  The 
bane  synchronization  pulse  for  the.  data  is  on  FSn  7  (SSTRB). 
The  data  format  is  16-bit  witlr  the  MSB  first.  The  16  bits  of 
data  are  made  up  of  two  leading  zeros  and  the  14-bit  conversion 
result.  For  the  DAC  in  dw  serial  mode  omit  L3  and  insert  L4. 
This  provides  the  necessary  inversion  of  the  SYNCOUT  pulse 
from  the  filter  so  that  it  can  be  used  as  the  frame  synchroniza- 
tion for  the  DAC  and  the  processor.  When  this  goes  low  data  in 
the  processor  shift  register  is  clocked  out  on  each  rising  edge  of 
SCLK  and  latched  into  the  DAC  shift  register  on  each  falling 
edge  of  SCLK.  Since  LDAC  (Pin  24)  is  tied  permanently  low, 
the  DAC  register  is  updated  automatically  when  the  16-bit  data 
stream  has  been  received.  The  format  of  this  data  stream  is  set 
up  by  links  L7  to  LIO.  Consult  Table  I  on  the  AD7840  dau 
sheet  for  the  appropriate  seohigs.  I%ure  22,  ht^M,  the 
pin  designations  for  J2. 


n\l\ 

^pgm^-  Pin  ConHguration  for  J2  (Frortt  View) 
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Figure  24.  PCB  Component  Side  Layout  for  Figure  23 
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Figure  2S.  PCB  Solder  Side  Layout  for  Figure  23 
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Ultrahigh  Speed 
Phase/Frequency  Discriminater 


AD9901 


FEATURES 

Phase  and  Frequency  Detection   

ECL/TTL/CMOS  Compatible 

Linear  Transfer  FunttiHWiBi)  utimi  ' '.  ;  c''  ' 

No  "Dead  Zone" 

MIL-STD-883  Compliant  Versions  AvaHaMt 
APPUCATIONS 

Low  Phase  Noise  Referent  Loops 
.Fj»t-Tuning  "Apile"  IF  Loops  ^ 
Secure  "Hoppihs"  Qoramunicatisns 
Cohere^  IiMi«r  TmnMiiitter/Reeeivar  Chains 


!<,'> 
.1.0 


GENERAL  DESCRIPTION 

The  AD9901  is  a  digital  phase/frequency  discriminator  cabbie 
of  directly  comparing  phase/frequency  inputs  up  to  ZOOMMx. 
Processing  in  a  high  speed  trench-oxide  isolated  process,  com- 
bined with  an  innovative  design,  gives  the  AD9901  a  linear  de- 
tectioBerange,  free  of  indet^niinate  phase  detectiou  zenes : 

immumwtm''a0m9^mr   i — 
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With  a  ani^  +SV  supp>y>  tbe  AD9901  can  be  configured  to 

operaae>iridi  TTL  or  CMOS  logic  levels;  it  can  also  operate  with 

EGL  iiiputs  when  operated  with  a  -S.2V  supply.  The  open- 

eoUecKn:  outputs  allow  the  output  swing  to  be  matched  to  post- 
filtering  input  requirements.  A  simple  current  setting  resistor 

controls  the  output  stage  current  range,  permitting  a  reduction 

in  pe/^  «dien  opff^fed  at  lower  ite^iftpdes. 
Am            O.ti'                '  'I 
Air             ^-2^  FUNCTIONAL  BLOCK  DIKGRAM 

fjn  t.V!    ' 


A  major  feature  of  the  AD990I  SWi 
/frequency  inputs  at  standard  W^esif^i^tlpMlltiaai  preiscalers. 
Excessive  phase  uncertainty  vMAtis  eng&ainB  «ritb  atatidard 
PLL  configurations  is  also  elimiiuteili'il%e'A]39901  provide 
the  locking  speed  of  traditional  phasetfrequency  discriminators, 
with  the  phase  stjibility  of  analog  ndl«^.>'  '>  ■  ■ 

The  AD9901  is  available  as  a  commeftiiirttmperatui^  range  de- 
vice, 0°C  to  +70°C,  and  as  a  miliary  temperature  device,  -55°C 
to  +125*0.  The  conmiercial  versions  are  packaged  in  a  14-pin 
ceramic  DIP  and  a  20-pin  PLCC. 

The  AD9901  Phase/Frequency  Discriminator  is  available  in  ver- 
sions compliant  with  MIL-STD-883.  Refer  to  the  Analog  De- 
vices Military  Products  Databook  or  current  AD9901/883B  data 
sheet  for  ^ecifications.  ■■■  .ii< 
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Positive  Supply  Voltage  (+Vs  for  TTL  Operation)  ....  +7V 
Negative  Supply  Voltage  (-Vj  for  KCLiQpeiatiiDii)  .     ^  -TV 

Input  Voltage  Range  (TTL  Operation)  OV  to  +5.5V 

niffw^^l^yi^  VntVap.  ^GL  Operation)  4.0V 

JgBT  Current'  . ,.       .  ..  .  ...  12mA 

Output  Cunent  .....  ■maaj^v^mj^--  SOmA 


AD9901KQ/KP  0°C  tO;  +70°e 

_SioEageJEemperaiuieaange  . . .  » ..^  ^^Cjo  ilSJPC 

Junction  Temperature^  I 

Hastic   +15(Pt 

Ceramic    .   .+  17S°C 

Lead  Soldering  Temperature  (lOsec)   •  •     •  ^:300''C 


ELECTRICAL  CHARACTERM^ 


[for  TTL]  or  -5.2V  [for  ECU,  unless  otheiwise  noted) 


Temp 


Test 
Level 


hi  Commercial  Temperature 
0°C  to  +70"'C 
AD9901KQ/KP 

Min  Typ  Max 


Units 


INPUT  CHARACTERISTICS 
TTL  Input  Logic  "1"  Voltage 
TTL  Input  Logic  "0"  Voltage 
TTL  Input  Logic  "1"  Current^ 
TTL  Input  Logic  "0"  Current' 
ECL  Differential  Switching  Volt. 
ECL  Input  Current 


Full 
Full 
FuU 
Full 
FuU 
FuU 


VI 
VI 
VI 
VI 
VI 
VI 


2.0 


300 


0.8 
0.6 
1.6 

20 


V 
V 

mA 
mA 
mV 


OUTPUT  CHARACTERISTICS 
Peak-to-Peak  Output  Voltage  Swing"* 
TTL  Output  Compliance  Range 
ECL  Output  Compliance  Range 
louT  Range 

Internal  Reference  Voltage 


Full 
Full 
Full 
FuU 
FuU 


VI 

V 

V 

V 

VI 


1.6  1.8 

3-7 

±2 

0.9-U 


2.0 


0.52 


V 
V 

V 

mA 
V 


AC  CHARACTERISTICS 

Linear  Phase  Detection  Range* 
40kHz 

30MHz 
70MHz 
Functionality  (g  70MHz 


+  25X 
+  25°C 
+25°C 
+25°C 


360 
320 
270 

Pass^ail 


Degrees 
Degrees 
Degrees 


^.^lUPPLy  .QJASAQTeiUSTJCS 
Nominal  Power  Dissipation 


+25°C 
FuU 
+  25°C 
FuU 
+25'^ 


I 
I 
I 
I 

V 


43.5 
43.5 
42.5 
42.5 
218 


54.0 
54.0 
52.5 
52.5 


mA 
mA 
mA 
mA 


NOTES 

'Absolute  maximum  ratings  are  limiting  values,  to  be  applied  individually,  and  beyond  which  the  serviceability  of  the  circuit  may  be  impaired.  Functiona] 
operabitity  is  not  necessarily  implied.  Exposure  to  absolute  maximiim  rating  conditions  for  ao  extended  period  of  time  may  a^ect  device  reliability. 
^Maximum  junction  temperature  should  not  exceed  +175X  for  ceramic  package^  +-1S0X  for^lpstic  packagis.-|j|ne^on  tempeeaoire  can  be  calculated  by: 

t,  =  PD(e,J +t^  =  PD(9,c) +tc  -'  :^  ..^ 

where: 
PD  -  power  dissipation 

6jA  =  thermal  impedance  from  junction  to  air  (°C/W) 
djc  =  thermal  impedance  &om  jimction  to  case  rC/W) 
t^  =  ambient  temperature  (°C) 
tc  =  case  temperature  (°C) 
typical  thermal  impedances: 

AD9901  Ceramic  DIP  =  6,^  =  74°C/W;  9,c  =  21°OW 

AD9901  LCC  =  e„  =  80'C/W;  6,c  =  irCfW   

AD9901  PLCC  =  e,A  =  88.2°CyV7;  e,c  =  45.2°OW 
X  =  +0.4V;  V„  =  +2.4V. 
'RsET  =  47.5n;      =  182n. 

'Includes  load  current  of  IQmA  (load  resistors  =  18211). 
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vco/flCF.mniT  (  si-a  y- 


.if!  ol  K-J 


1^ 


(Based  on  DIP  Pinouts) 


VCO/REF.  INPUT 


1  'nTJO 


TTL  Input 

AD9901  BURN-IN  CIRCUIT 

(Based  on  DIP  ECL  Pinouts) 


Output 


DIE  LAYOUT  AND  MECHANICAL  INFORMAlBli 


REFERENCE  IN  ( 


GND)  OUTPUT 


GNDIREPEnENCEINI 

SceTni 


GND  (VCO  INI         VCO  IN  I  -  V5I 


ECL  LOW 


"LTLnnrL 


Aa  RESISTORS  ±S1b 
ALL  CAPACITORS  ^20% 
AU  SUPPLY  VOLTAGES  ±5% 

Vmio  =-1.3V  +5% 

STATIC  DA2  =  ECL  HIGH:  DASbECLLOW 
DYNAMIC:  ECL  HIGH 


Die  Dimensions  .  ■  ■  ■  tv'Vi.if"';  •  •  •-•  >•      >^  118  x  16(±2)  mils 

Pad  Dimensions  .  .~.  .  .T^  "S<  .  .      .  .  .  .r.  4x4  mik 

Metalization   !   .   „  .  .  Aluminum 

Backing   ,^ ..  .  .  |  .  .  None 

Substrate  Potential  -Vj 

Passivation   ,-.-r-.  r.i  Nitride 

Die  Atuch  Gold  Eutectic 

Boml  Wire  1. 25  mil  Alumiiutei  U^lti^i^SMlBi 


ORDERING  GUIDE 


Model 


AD9901KQ 
AD9901KP 
AD9901TQ/883^ 
^p9901TE/g83' 


Temperature 


CC  to  +70°C 
0°C  to  +70°C 
-55°Cto  +125°C 
-55Xto  +125°C 


Description 


14-Pin  Ceramic  DIP 
20-Pin  PLCC 
14-Pin  Ceramic  DIP 
20-CQntact  Ceramic  LCC 


Package 
Option' 


Q-14 
P-20A 
Q-14 
E-20A 


*E  ^  Leadless  Ceramic  Chip  Canier;  P  =  Plastic  Leaded  Cliip  Carrier;  Q  =  QS^^^ 
For  outline  information  see  Pack^e  blfimnation  section. 
^For  specifications,  refer  to  Anaklg  Pefioes  MiUtay  Products  Dalabook. 
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TTL/CMOS  MODE  FUNCTIONAL  PIN  DESCRIPTIONS 


GROUND 


r 


BIAS 

VCO  INPUT 


OUTPUT 


r 


Ground  connections  for  AD9901.  Connect  alf,  i 
grounds  together  and  to  low-impedaiiiGe  " 
ground  plaae  m  date  to  the  devke  m 
possible. 

Positive  supply  connection;  nominally  +5,0V 
for  TTL  operation. 

Connect  to  +Vs  (+5V)  for  TTL  operation. 

TTL  compatible  input;  normally  connected  to 
the  VCO  output  signal.  VCO  INPUT  and 
REFERENCE  INPUT  are  eqwvalent  to  one  •• 
another. 

The  noninverted  output.  In  TTL/CMOS 
.mode,  the  outmit  swing  is  approximately 

~'Bl*^!nal'^s^'c<iimection.  lite  cuir^t 
trough  the  Rset  tsistor  is  equal  t^  tbe 
mazimimi  full-scale  output  current.  Rsbt 


a  no  is-MiO. : 
BIAS 

VCO  INPUT 


VCO  INPUT 


OUTPUT 


■^  should  be  connected  to  groimd  through  an 
I  n^tor  in  TTL  mode.  Iset  =  .,  - . 
•  =  Iload  (n>a«  ) 
OmSHPIIMiiniTtib^  int«rted  output.  In  TTL/CMOS  mSe, 
the  output  swing  is  approximately  +3.2V  to 
+  5V. 

REFERENCE      TTL  compatible  input,  normally  connected  to 
INPUT  the  reference  input  signal.  The  VCO  INPUt 

and  the  REFERENCE  INPUT  are 
equivalent. 


TTL  Mode 
(Based  on  DIPPinouts) 


GROUND 


ECL  MODE  FUNCTIONAL  PIN  DESCRIPTIONS 

'''^'-Sri,  V  "* "        Negative  supply  conaeeHigi,  noomudly  -5.2V 
for  ECL  operation. 

Connect  to  -S.2V  Ua  ECL  opeiatian. 

Inverted  side  of  ECL  compatible  differential 
input;  normally  connected  to  the  VCO  output 

signal. 

Noninverted  side  of  ECL-compatible 
differential  input,  noMdIy  connected  to  the 
VCO  output  signal. 

The  noninverted  output.  In  ECL  mode,  the 
output  swing  is  approximately  OV  to  -1.8V. 

Grotmd  connections  for  AD9901.  Connect  all 
grounds  together  uidHo  tgnNmpedance 
ground  plane  as  dose'tb  tike  device  as 

possible. 

External  Rset  connection.  The  current 
through  the  Rset  resistor  is  equal  to  the 
maximum  full-scale  output  current.  Rset 
shoiUd  be  connected  to  -Vs  through  an 
external  resistor  in  ECL  mode.  Iset  ~ 
0.47V/RsET  =  Iload  (max). 
The  inverted  output.  In  ECL  mode,  the 
output  swing  is  approximately  OV  to  —1.8V. 

Noninverted  side  of  ECL-compatible 
differential  input,  normally  connected  to  the 
reference  input  signal.  The  VCO  INPUT  and 
the  REFEREN^tlNl'UT  are  equiva^nt  to 
one  another. 

Inverted  side  of  ECL-compatible 
differential  inptit,  normally  connectec  to  the 
reference  input  signal.  T^  VCO  INI  UT  and 
the  REFEREICE  ORM^  ate  eq^  tarn. 


OUTPUT 

REFERENCE 
INP0T 

I  r 

REFERENCE 
INPUT  I 


BCL  Mode 
(Based  on  SIP  Pinouts) 
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Test  Level 
I 

n 


EsmjmmmfH- 


'LEVELS 

'.HO  Mir 


100%  production  tested. 

100%  production  tested  at  +2S°C,  and  sample  tested  at 
specified  tempetiouies, 
in    -    Sample  tested  obM.  i 
I¥    -  ''Bigubeta  JriOK^teilsy  design  and 


-    All  devices  are  100%  production  tested  at  +2S°C. 
100%  production  tested  at  temperature  extremes  for 
extended  temperature  devices;  sample  tested  at 
"     tem^e^tiKK  extremes  for  co^^iicicial^iidtastrial 
devices.  ; 


PIN  CONFIGURATIONS 


TTL  DIP  Pinouts 


GROUND 
BIAS 
GROUND 
GROUND 
VCO  INPUT 
OUTPUT 
+V. 


AD9901 

TOP  VIEW 
INot  to  Scalfll 


"u]  GROUND         ,  _t, 

"tTj  GROUND  . 

12]  REFERENCE  mPUT 

"10]  OUTPU'. 

I] 
II 


TTL  LCC  Pinouts 


\  IS  REFERENCE  INPUT  ? 


•i-  JiOZmL-V' 
iuqiM  u>!sli'»o  ba.  I 


GROUND  p" 
GROUND 
VCO  INPUT  ^ 

wcfT 


LilHLiJLiJLd 


17]  NC 

is]  NC 

14]  OUTPUT 


NC  =  NO  CONNECT 


IJ  •jMl'-jibT' 


ECL  DIP  Pinouts 


-v.E 

BIAS  [T 


VCO  INPUT  [T 

-v.[r 

OUTPUT  [T" 
GROWiD  [T 


"u]  REFERENCE  INPUT 
77]  REFERENCE  INPUT 

vTI  GROUND 


To] OUTPUT 
T]Rmt 

Zl-v. 


li  nfq  bat  'paaini- 


VCO  INPUT  4 


ECL  LCC  Pinouts 


9    10   11    12  13 


*  f  i 

NC  E  Mi&GONMKT 

ECL  PLCC  Pinouts 


s  s 


VCO  INPUT  jT 


VCti  IBIWJT  [T 

-v.[7 

OUTPUT  jT 
.NC|T 


AD9901 
TOP  VIEW 
INot  to  Scale) 


DC  =  Mconnect 
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THEORY  OF  OraRAlibN;     r       '  TT 
A  phase  detector  is  one  of  three  basic  componpits  of  a.4>h^^-„ 
locked  loop  (PLL);  the  other  two  are  a  filter  and  a  tunable  osol- 
lator.  A  basic  PLL  cont|>^;Sysein.«,^Kn$p^£igpre  1. 


OPTIONAL  1/N  PRESCALER 
TYPICAL  OF  DI6ITA1,  PUi 

Bgure  1.  Phase-Locked  Loop  Control  System 

The  function  of  the  phase  detector  is  to  generate  an  error  signal 
which  is  used  to  retime  the  oscillator  frequency  whenever  its 
output  deviates  from  a  reference  input  signal.  The  two  most 
common  methods  of  implementing  phase  detectors  are  (1)  an 
analog  mixer  and  (2)  a  family  of  sequential  logic'  Circuits  known 
as  digital  phase  detectors. 

The  AD9901  is  a  digital  phase  detector.  As  illustrated  in  the 
block  diagram  of  the  unit,  straightforward  sequential  logic 
design  is  used.  The  main  components  include  four  "D"  flip- 
flops,  an  exclusive-OR  gate  (XOR)  and  some  combinational  out- 
put logic.  The  circuit  operates  in  two  distinct  modes:  as  a  linear 
phase  detector  and  as  a  frequency  discriminator. 

When  the  reference  and  oscillator  are  very  close  in  frequency, 
only  the  phase  detection  circuit  is  active.  If  the  two  inputs  are 
substantially  different  in  frequency,  the  frequency  discrimina- 
tion circuit  overrides  the  phase  detector  portion  to  drive  the 
oscillator  frequency  toward  the  referlmce  firequency  and  put  it 
within  range  of  the  phase  detector. 

Input  signals  to  the  AD9901  are  pulse  trains,  and  its  output 
duty  cycle  is  proportional  to  the  phase  difference  of  the  oscilla- 
tor and  reference  inputs.  Figures  2,  3  and  4  illustrate,  respec- 
tively, the  input/output  relationships  at  lock;  with  the  oscillator 
leading  the  reference  frequency;  and  with  the  oscillator  lagging. 
This  output  pulse  train  is  low-pass  filtered  to  extract  the  dc 


REFERENCE 
FUP-FLOP 
OUTPUT 

OSCILLATOR 
FUP-FLOP 
OUTPUT 


J~ 


Figure  2.  AD9901  Timing  Waveforms  at  "Lock" 


REFERENCE 
FUP-FLOP 

oumrr. 


Figure  4.  Timing  Waveforms  (4>out  Lags  0,^^ 

mean  value  [K^  (<t>,  -  (t>o)]  where      is  a  proportionality  con- 
stant (phase  gain). 

At  or  near  lock  (Figures  2,  3  and  4),  only  the  two  input  flip- 
flops  and  the  exclusive-OR  gate  (the  phase  detection  circuit)  are 
active.  The  input  flip-flops  divide  both  the  reference  and  oscilla- 
tor frequencies  by  a  factor  of  two.  This  insures  that  inputs  to 
the  exclusive-OR  are  square  waves,  regardless  of  the  input  duty 
cycles  of  the  frequencies  being  compared.  This  division-by-two 
also  moves  the  nonlinear  detection  range  to  the  ends  of  the 
range  rather  than  near  lock,  which  is  the  case  ndth  conventional 
digital  phase  detectots.'  "  <"* 
Figure  S  illustrates  the  constant  gain  near  lock. 


Figure  3.  Timing  Waveforms  (<I>out  Leads  4),^) 


PHASE  DIFFERENCE  AT  INPUTS 

Figure  5.  Pfiase  Gain  Plot 

When  the  two  square  waves  are  combined  by  the  XOR,  the  out- 
put has  a  50%  duty  cycle  if  the  reference  and  oscillator  inputs 
are  exactly  180°  out  of  phase;  imder  these  conditions,  the 
AD9901  is  operating  in  a  locked  mode.  Any  shift  in  the  phase 
relationship  between  these  input  signals  causes  a  change  in  the 
output  duty  cycle.  Near  lock,  the  frequency  disciiminatoT  fiip- 
flops  provide  constant  MGH  l^s'to  gat^  ffie  XOR  output  to 
the  final  output. 

The  duty  cycle  of  the  AD9901  is  a  direct  measure  of  the  phase 
difference  between  the  two  input  signals  when  the  unit  is  near 
lock.  The  transfer  fimetion  can  be  stated  as 
[K4,(<|),  -  <i>o](V/RAp),  w*ere      is  Ae  allowable  output  volt- 
age range  of  the  AD9901  divided  by  2ir. 

For  a  typical  output  swing  of  1.8V,  the  transfer  function  can  be 
stated  as  (1.8V/2Tr  =  0.285V/RAD).  Figure  5  shows  the  rela- 
tionship of  the  dc  mean  value  of  the  AD9901  output'as  a  func- 
tion of  the  phase  difference  of  the  two  inputs. 

It  is  important  to  note  that  the  slope  of  the  transfer  function  is 
constant  near  its  midpoint.  Many  digital  phase  comparators  have 
an  area  near  the  lock  point  where  their  gain  goes  to  zero,  result- 
ing in  a  "dead  zone."  This  causes  increased  phase  noise  (jitter) 
at  the  lock  point. 

The  AD9901  avoids  this  dead  zone  by  shifting  it  to  the  end- 
pomts  of  die  tnmsfo  curve,  as  indi^nei}  at  ^|Hie  i.tlSB 


*^120  COIMIlUIVICMTIONS  mOBtKTS 


REV.  A 


AD9901 


Photograph  1.  AD9901  Output  Photograph  2. 

Waveform(Fo  «  F,)  Waveform  (Fq 

increased  ^iiii"at  either  ei^l  increases  the  effective  error  signal  t^ 
pull  the  oscaUfltiir't^^liiSf  the  mim  region.  This  does  not  i 
affect  phase  dcdse,         fa  ftr  niore  dependent  upon  lock 
region  characteristics. 

It  should  be  noted,  however,  that  as  frequency  increases,  the 
linear  range  is  decreased.  At  the  ends  of  the  detection  range,  the 
reference  and  oscillator  inputs  approach  phase  aUgnment.  At 
this  point,  slew  rate  limiting  in  the  detector  effectively  increases 
phase  gain.  This  decreases  the  linear  detection  by  nominally 
3.6ns.  Therefore,  the  typical  detection  range  can  be  fouiid  ^ 
calculating  [(1/F  -  3.6nsy(l/F)]  x  360°.  As  an  example,  at 
200MHz  the  linear  phase  detection  range  is  ±50°. 

Away  from  lock,  the  AD9901  becomes  a  frequency  discrimina- 
tor. Any  time  either  the  reference  or  oscillator  input  occurs 
twice  before  the  other,  the  Frequency  High  or  Frequency  Low 
fltp-fl(^  is  docked  Krtegjc  LOW.  This  overrides  the  XOR  out- 


AD9901  OtOpUt  Photograph  3.  AD9901  Output 

»  F,)  Waveform  (Fo=F,=  50l\AHz) 

put  and  holds  the  output  at  the  a^prapntte%vel  to  fuQ  the 
oscillator  toward  the  reference  frequency.  Once  the  ftequencies 
are  within  the  linear  range,  the  phase  detector  dtciat  t^kes  over 
V .  ag^.'  Q^bifiing  the  frequency  discriminator  wi&  Ae  iihase 
detector  eliminates  locking  to  a  harmonic  of  the  refeiei^. 

Photograph  1  shows  the  effect  of  the  "Ficqoaicy  tmi"Wp-^m 
when  the  oscillator  frequency  is  much  lower  tfon  the  rtifaenc^ 
input.  The  narrow  pulses,  which  result  ftom  cycles  wheu  two 
positive  reference-input  transitions  occur  before  a  positnw  VOO 
edge,  increase  the  dc  mean  value,  fhotogia^  2  illustrales  the 
inverse  effect  when  the  "Frequency  High"  flip-flop  reacts  to  a 
much  higher  VCO  frequency. 

Photograph  3  shows  the  output  waveform  at  lock  for  50MHz 
operation.  This  output  results  when  the  phase  difference 
between  reference  and  oscillator  is  approximately  -irRad. 


AD9901  APPLICATIONS 

The  figure  below  illustrates  a  phase-locked  loop  (PLL)  system 
utilizing  the  AD9901.  The  first  step  in  designing  this  type  of 
circuit  is  to  characterize  the  VCO's  output  frequency  as  a  func- 
tion of  tuning  voltage.  The  transfer  function  of  the  oscillator  in 
the  diagram  is  shown  in  Figure  6. 


VAfUCTORS  TUNING  VOLTAGE  -  VOLTS 

Figure  6.  VCO  Frequency  vs.  Voltage 

Next,  the  range  of  frequencies  over  which  the  VCO  is  to  operate 
is  examined  to  assure  that  it  lies  on  a  linear  portion  of  the  trans- 
fer curve.  In  this  ease,  frequencies  from  lOOMHz  to  120MHz 
result  from  tuning  voltages  of  approximately  -I-1.5V  to  -(-2.5V. 
Because  the  rairaml  oMMt  iums    1^  AD9901  is  0  to 


-  1.8V,  an  inverting  amplifier  with  a  gain  ai  2  follows  tHe  loop 
filter. 

As  shown  in  the  illustration,  a  siaqjle  pxswm  RC  low-pass  filter 
made  up  of  two  resistors  and  a  tanuilimi  e^pdv^f  eHo^gtes  ^ 
need  for  an  expensive  high  speed  op  amp  wtive-filter  dfll^ 
this  passive-filter  second-order-loop  system,  where  n=°2,jiie 
damping  faaor  is  equal  to: 

8  =  0.5  [KoKXt,  +  T,)]"^  [t,  -  (n  /KoKj)] 

and  the  values  for  t,  and  Tj  are  the  low-pass  filter's  time  con- 
stants R,C  and  R^C.  The  gain  of  2  of  the  inverting  stage,  when 
combined  with  the  phase  detector's  gain,  gives: 

Ka  =  0.572V/RAD 

With  Ko  =  115.2  MRAD/sW,  t,  equals  1.715s,  and  tj  equals 
3.11  X  10"^  for  the  required  dampmg  factor  of  0.7.  The 
illustrated  values  of  300  (R,),  160n  (Rj),  and  10m.F  (C)  in  the 
diagram  approximate  these  time  constants. 

The  gain  of  the  RC  filter  is: 

VqA'i  =  (1  +  sRiCyU  +  s(R,  +  RjX^]. 
Where  KoK^  »  (o„,  the  system's  natural  frequency: 

(o„  =  [KoKXti  -I-  T2)]'"  =  4.5kHz. 
For  general  information  about  phasc-lockcU  luup  design,  the 
user  is  advised  to  consult  the  following  references:  Gardner, 
Phase-Lock  Techniques  (Wiley);  or  Best,  Phase  Locked  Loops 
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Phased  Locked  Loop  Using  AD9901 


Vinm  li.;:.:'!        1-   ;    .■n3\31  bUt  WJln  ■  v.  II 


'      ^       ■      '  ilHr^ic.  ■■  I  e.  J 


«Wi  A 


ANALjOG 
DEVICE 
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FEATURES 
300  MSPS  Clock  Rate 
32-Bit  Frequency  Resolution 
Low  Power;  1.5  W 
On-Board  Quad  Logic 
16-  or  32-Bit  Bus  Confiiatible 

APPLICATIONS  - 
Frequency  Synthesizers    ,  ^ 
Waveform  Generators 
Frequency  Hopping  Systems 
Communications  and  Radar  Reefers, ^ 

GENERAL  DESCRIPTION 

The  AD9950  is  a  32-bit,  300  MSPS  phase  accumulator  for  direct 
digital  synthesis  (DDS)  applications.  The  twelve  most  significant 
bits  i,MSBs)  of  the  accumulator  are  provided  to  address  an  exter- 
nal pbase-to-amplitude  ctmymion  table,  for  waveform  synthesis. 

/   f  I 

7  Hi"- 


Frequency  control  signals  are  TTL  compatible,  and  the  internal 
accumulator  can  operate  at  rates  up  to  300  MSPS  because  of  the 
high  speed  bipolar  process  used  in  fabricating  the  device.  Out- 
put phase  data  is  ECL  compatible  and  can  be  interfaced  with 
either  ROM  or  RAM.  An  external  look-up  table  can  contain 
data  to  generate  standard  functions  such  as  sines,  cosines,  etc. 

On-board  quadrature  logic  reduces  the  amount  of  external  mem' 
ory  required  to  implement  the  phase-to-amplitude  conversions  in 
applications  which^^enerate  periodic  wavefor^  $ymm|euipl 

about  ^  90°    points.  ^  J . 

The  AI^SOKJ  is  packaged  in  a  6g-pin  J'teMdi«Mte>«iiip 
carrier  f6r  a  commercial  temperatuie  range  ^Mif^TtSisBlVC;  the 
model  AD99S0TJ  is  available  for  fifitiry'aj|pB9MPW 
temperature  range  of  -S5°C  to  -I- 125^  in  dipijw  j 
Contact  the  factory  for  information  on  devirc^pimMi^f^fcwT 
quirements  of  MIL-STD-S83.-   ifJ^l^'jfT 


"I  •  ligi, 


AD9950  DDS  PHASE  ACCltMULATOR  BLOCK  DIAGRAM 
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ouppiy  V Ullage  ,  ±/  \ 

iJrTL  Inputs   ^  *Vg«)--^SV- 

]  ECL  Inputs  0  V  to  -Vj 

'  Op^ting  'Xl»n)e^ture  Range 

AD9950K]  .  .  .       .         .-0°C  to  +70SC 

„  sfkmmi  .  .  va»».wr..o.  V,-'.         viij!^  .v-J5?C  to  rf-«5°C 


-  -  AD9950TJ  .  , -.-^ .  ,.,.>  1 ;  ^6SgG-<o-4-l5(y€ 

Junction  Temperature' 

AD9950KJ  +175°C 

AD99-50TJ  -.  .-.  .  .  .        .          I      .  i';         .  .  .  +175''C 
Lead  Soldering  Temperature  (10  sec)   .  .  .  .  +300°C 


DO  EUE^^  GHAMUniRISTICS 

 lri«HC  iort  Ian'.  


(bMbss  otherwise  noteil,      =  +5  V;  -V,  =  -5.2  V) 


Parameter 


■nic  'h  ifsuj  wo. 


Temp 


Test 
Level 


AD9950KJ 
Min        Typ  Max 


Min 


AD9950TJ 

Typ  Max 


Units 


ECL  INPUTS 
Logic  "1"  Voltage 
Logic  "0"  Voltage 
Logic  "1"  Current 
Logic  "0"  Current 
Input  Capacitance 


Full 
Full 
Full 
Full 

+25°C 


VI 
VI 
VI 
VI 

V 


-1.1 


-1.1 


-1.5 

200 

200 


-1.5 

200 

200 


2 


V 

V 

pF 


ECL  OUTPUTS 
Logic  "1"  Voltage  ■ 
Logic  "0"  Voltagewsb  ira  oam 


FuU 
FuU 


VI 
VI 


-1.1 


TTL INPUTS 
Logic  "1"  Voltage 
Logic  "0"  Voltage 
Logic  "1"  Current 
Logic  "0"  Current 
Input  Capacitance 


I  lO'S.'/nTL' 


-1.1 


1  on?  ,iicf-a  e  > 


V 
V 


Full 
FuU 

FuU 

•-i-25°C 


VI 
VI 
iVI 
VI 
V 


+2 


+2 


+0.S 
500 


+0.S 

300 

500 


POWER  SUPPLIES   '"'^  ' 
— ^  Supply  Current 

+Vs  Suppfy  Current 

Nominal  Power  Dissipation 


V 

V 


-I-25X 
FuU 
-t-25°C 
FuU 

+25°C 


I 

VI 
I 

VI 

V 


11 

1.5 


.350 
375 
14 
16 


288 
'1.5 


350 
375 
14 
16 


mA 
mA 
mA 
mA 
W 


AC  ELECTRICAL  CHARACTERISTICS  (unless  otherwise  noted,  -hV;  =  -t-5  V; 


-Vc  =  -5.2  V) 


Parameter  \ 

Temp 

Test 
Level 

Min 

AD9950KJ 
Typ 

Max 

JVIin 

AD9950TJ 
Typ 

Max 

Units 

ECL  INPUTS  } 
CLOCK  ikdste  Rat^^ 

CL0^5liiB6  Widthr  HIGH 

+25°C 

250 

300 

250 

300 

MSPS 

FuU 
+  25°C 
FuU 

V 

IV 

V 

250 

2.0 

250 

MSPS 

2.0 

1.7 
2.0 

1.7 
2.0 

ns 
ns 

CLOCK  Ptalse  Width  LOW 

-i-25°C 

rv 

2.0 

1 

2.0 

1 

ns 

FuU 

V 

2:0 

2.0 

ns 

CARRY  IN  Set-Up  '^le'  J 

+25X; 

IV 

0.2 

0 

"  0.2 

0 

ns 

— Fnffl — 

V 

0.5  -  - 

0.5 

ns 

CARRY  IN  Hold'  ' 

+25°C 

IV 

2.0 

1.25 

2.0 

1.25 

ns 

FuU 

V 

1.5  . 

1.5 

»s 

ECLOUTPUTS*  

Rise  Tune' 

,  J 

-l-25°C 
FuU 

rv 

V 

1 

1.2 

1.6 

1 

1.2 

1.6 

ns 
ns 

Fall  Time 

+  25°C 
Full 

IV 
V 

1 

1.2 

1.6 

1 

1.2 

1.6 

ns 
ns 

Data  Skew'' 

+25°C 

V 

0.4 

0.4 

ns 

Output  Capacitance 
A«-^„Dd^ 

+25^ 
+25^ 
FuU 

V 
IV 
V 

3.7 

2 

4.5 
5.0 

5.3 

3.7 

2 

4.5 
5.0 

5.3 

pF 
ns 
ns 

SYHC  m(igt0ikiitmi^  - 

+25°C 

IV 

3.S 

4.2 

3.0 

3.3 

4.2 

S.0 

ns 

CARRY  t}W1Ktsf^iiaw  JMf' 

FuU 

+25'C 

V 
IV 

3.6 

4.6 
4.4 

5.2 

3.6 

4.6 
4.4 

5.2 

ns 
ns 

4-724  COMMUNICATIONS  PRODUCTS 


REV.  A 


mm 


Parameter 


Temp 


Test 
Level 


AD9950KJ 
Min,  .  ^Typ  Max 


AD9950TJ 
Min        Typ  Max 


TTL  inputs-Bus  Mode 
Tie-Tji  Set-Upf&M? 

(txsu) 
T,6-T3,  Hold  Tma? 

(t™) 

LOAD  Set-%  Itei^ 

(tLSu) 

LOADBoUtUe^ 
(Ilh) 


+25°C 

IV 

FuU 

V 

+25°C 

IV 

FuU 

V 

+25°C 

IV 

FuU 

V 

+25°C 

IV 

FuU, 

V 

5.0 
0.5 
0.75 
0.2 


3.8 

5.0 

4.3 

=0.5  ' 

0.5 

0.5 

0.2 

0.75 

0.5 

0 

0.2 

0.2 

3.8 

4.3 

-0.5 

0.5 

0.2 

0.5 

0 

0.2 


ns 
ns 
ns 
ns 

US 

ns 
ns 
ns 


TTL  INPUTS -ParaUd  Mode 
Ti-Tji  Set-Up  Time' 

(tTso) 
Tj-T,,  mMs' 

(t™) 

LOAD  Set-Up  TitB# 

(tLSu) 

LOAD  Hold  Time' 

(Ilh) 


+25°C 
FuU 
+25°C 
FuU 

+25°C 
FuM 
+25°C 
FuU 


IV 

V 
IV 
V 
IV 
V 
IV 
V 


3.0 
0.5 
0.75 
0.2 


1.5 

2.5 

-0.5 

1.0 

0.2 

0.5 

0 

0.2 


3.0 

1.5 

ns 

2.5 

ns 

0.5 

-0.5 

ns 

1.0 

ns 

0.75 

0.2 

ns 

0.5 

ns 

0.2 

0 

ns 

0.2 

ns 

RESET 
Minimum  Pulse  Width 
(Low) 


biaV 


+25°C 
Pull 


IV 

v' 


2.5 


1.6 
2 


?-5 


1.6 
2 


NOTES 

'Typicd  thermal  impedances  (part  in  socket):  e,A  =  42'tyW;  e,c  =  U°C'W.  .  '\  _ 

^Minimum  specification  with  50%  duty  cycle  on  clock.  TypiraiW     s^i^eved  with  duty  Cycle  adjustment  t«  ffJ4  HIGH. 
'Referenced  to  CLOCK/CLOCK  differential  signal  crossing  fam'i0MIM  rising;  CLOCK  ftlling). 
■'ECL  outputs  terminated  to  -2  V  through  100  n. 
^Measured  as  the  10%  to  90%  transition  time. 

'Measured  as  the  worst  case  diifeience  between  the  50%  points  of  both  falling  and  rising  edges. 
'Referoiced  to  the  SO^  point  of  the  rising  edge  of  LATCH  IVISW  or  LATCH  LSW. 
Speci&itions  su^iixmd^lpwithaiit  notice. 


f  2S°C,  and  sample  test«l 


EXPLAN  ATION4»r  im^lMVStiM 

Test  Level 

I  -  100%  production  tested. 

II  -  100%  production  tested  at 

at  specified  tenqxiatures. 

III  -  Sample  tested  cmly. 

IV  -  Parameter  is  guaranteed  by  design  and  characterization  testing. 

V  -  Parameter  is  a  typical  value  only. 

VI  -  All  devices  are  100%  production  tested  at  +25''C.  100%  produc- 

tion tested  at  temperature  extremes  for  extended  tonperature -j 
devices;  sample  tested  at  teinperature  extremes  for  ^ 
i^tpal  devices. 


TTLNKM  I 


AD9950 


'31 


LATCH  LSW* 
LATCH  MSW* 
LOAD* 


RESET* 


Ao-A,l" 
CARRY  OUT** 
SVNC**- 


JAD  EN*1 
CLOCK*  J 

CLOCK*  "1 
CABHYIN*J 

-Ms 
QHOUND 


I  +5V 
I  -5.2V 


INDICATES  EACH  PIN  IS  CONNECTED  THROUGH  100Q 
••INDICATES  EACH  PIN  IS  CONNECTED  THROUGH  lOkQ 


AD9950  Burn-In  Cqnifections 


COMMUNICAnONS^mOOUCTS  ^12S 


ADd950 


AD9950  TRUTH  TABLE 

BUS  MODE 
(Data  Inputs  =  Tu-Tji) 


8.^ 
£.» 

e.«- 
so 

i.O 
0 
1.0 

4.i 
i.i 

o.i 


1..0 


BUS 

RESET 

LATCH 
MSW 

LATCH 
LSW 

LOAD 

OPERATION 

i 

1 

0 

0 

Transfers  Most  Significant 

16-Bit  Tuning  Word  into 

MSW  Register 

1 

1 

1 

0 

0 

Transfers  Least  Significant 

16-Bit  Tuning  Word  into 

LSW  Register 

1" 

1 

1 

1 

Load  MSW  and  LSW 

Registers  (32  Bits)  Into 

A-Phase  Register  on  Next 

CLOCK  Cycle 

X 

0 

X 

X 

X 

Asynchronous  Reset 

PARALLEL  MODE 
(Data  Inputs  =  To-T,,) 


LATCH 
MSW 

LATCH 
LSW 

LOAD 

OPERATION 

BUS 

RESET 

e 

1 

X 

X 

1 

Load  32-Bit  Tuning  Word 

into  4-Pbase  Register  on 

Next  CLOCK  Cycle 

X 

0 

X 

X 

X 

Asynchronous  Reset 

'amiT  Wo! 


-^J«l"r/J-! 
'wiliT  Ui. 


H  aA(: 


T23 

^a 

T28 
T29 

T30 
T31  (MSB) 
LATCH  MSW 


 BESET 

BUS 
GROUND 

-Vs 

-Vs 

GROUND 
GMMOEN 


ti  1:  s  z 

1-  I-  I-  I- 


□  10 


AD9^ 

TOP^OEW 


3  ffl  T 
O  «  < 


-  J 


A    CO  U  V 

<  <  <  4  < 


z  >  < 

i' 
9 


<  <  <  9  z 


m  U  <j 


AD^BO  Pin  Designations 


*r-126  tVMMUNICA-nONS  PRODUCTS 


Pin 


Name 


Function 


1,  3-18 
and 


Ui 


19 

20 
21 


22,  25,  35, 

45,  50 

23,  24,  36, 

46,  49 

26 


27 


47 
48 


T„-T„ 


KBSET 
BUS 


GR< 


QUAD  EN 


CMIRY  OUT 


CLOCK 
CLOCK 


TTL-compatible  word  that  determines  the  phase  step  of  the  accumulator.  X^,  tuning  word  can  j 
be  loaded  in  parallel  (32  bits)  or  bus  (16  bits)  mode.  In  bus  mode,,.t]^t«^<i^^  P^f^^ttnu  ,tK 
loaded  into  the  MSW  and  LSW  registers  through  T16-T3,.    „  ^  ..^.-^^^  ^  ^  . 

Positive  power  supply,  nominaUy  +5  V   ,  v  tiov^-  :c^-J        rwoi  ..i;  toJ 

'  'TTL-cK^patible  latch  command  for  the  16  most  s^pufkakt  VbiiUSSky^tiAemiS^Mei^lfiattm 
pajilllel  inode,  the'^MSW  register  is  always  transparent.  In  bu^  tiilSSi  VmMStf^^fs^mcMfa  hlUiat 
transparent  when  LATCH  MSW  is  LOW.  on.  sri  tes  .MB 

TTL-compatible  asynchronous  reset  command.  See  text. 

TTL-compatible  control  pin  Logic  HIGH  enables  the  MSW  and  LSW  registers,  and 
multiplexes  the  data  from  Ti^-T,,  into  both  registers.  Logic  LOW  enables  t^e  parallel  load 
mode;  the  MSW  and  LSW  registers  are  transparent,  and  To-T3,:are  latclKi3,^|Sectly  into  ^ 
ndelta-phase  raster  by  the  LOAD  signal. 

■  ■  igiBund  return  ftar  the  -device-.  Ground  for  the  ECL  output  stages  is  PiirSS. 

Negative  power  supply,  nomiiuiUy  -5.2  V.  Power  for  the  ECL  output  stages  is  from  Pin  36. 

ECL-compatible  control  pin.  Logic  HIGH  enables  the  quadrature  logic,  which  reduces  the 
amount  of  memory  required  to  implement  the  external  phase-to-amplitude  look-up  table.  The 
quadrature  logic  is  used  when  generating  waveforms  symmetrical  about  the  90°  and  180°  phase 
points  (i.e.,  a  sine  wave).  See  text. 

ECL-compatible  overflow  flag.  Logic  HIGH  at  this  pin  indicates  an  overflow  condition  exists 
for  the  output  data  during  that  clock  cycle.  For  applications  in  which  two  AD9950  units  are 
cascaded  to  obtain  64  bits  of  phase  resolution,  CARRY  OUT  of  the  lower-order  accumulator 
should  be  coimected  to<^ARRY  IN  of  the  higher-order  accumulator. 

ECL-eompatible  input;  should  be  driven  diiferentially  with  CLOCK. 


28-34 
and  37-41 

42,  «f 

43 


A^-A'f, 


ECL-compatible  inptu;  shoidd  be^riven  differentially  with  CLOCK.  The  coiitents  of  the 
delta-phase  register  wtpj^  to  the  bS^dftegisair  after  eadt  rising  edge  ^i[^e  CLOCK 
input.  " 

Twelve  1>its  of  ECX,>cdiflpa^le  oii$ut~aiitii  firc^'the  j^iaise'  accumuB^'  oi^j^  j^^tcr.. 


51 
52 

53 


LOAD 

LATCH  LSW 
CARRY  IN 


Internal  test'points.  Do  not  connect;  let  pins  float. 

BCLHxanpatible,outpiit  signal.  SYNC  mil  jp  HIGH  foronectock  cycle  folknring  the 
prealignment  of  iiew  timing  data.  SYNC  serves  as  a  flag  to  indicate  the  completion  of  the 
minimum  period  for  loading  new  data.  See  Theory  Section. 

TTL-compatible  latch  control  for  the  delta-phase  register.  Data  is  transferred  into  the 
delta-phase  register  on  the  fir;  t  rising  edge  of  CLOCK  after  LOAD  has  gone  HIGH. 

TTL-compatible  latch  command  for  the  16  least  significant  (LSBs)  of  the  timing  word.  In 
parallel  mode,  the  LSW  register  is  always  transparent.  In  bus  mode,  the  ISIW  is 
transparent  when  LATCH  LSW  is  LOW. 

ECL-compatible  input.  The  effective  value  of  the  timing  word  is  increased  by  one  LSB  when 
CARRY  IN  is  HIGH.  For  applications  in  which  two  AD9950  imits  are  cascaded  to  obtain  64 
bits  of  phase  resolution,  CARRY  OUT  of  the  lower-order  accumulator  should  be  coimected  to 
CARRY  IN  of  the  higher-order  accumulator.  >        >->  ■ 


AD9950  THEORY  OF  ^^KAIION  v.-.<)Tr- i 

Refer  to  the  bliidc  diagtam  Bftiie  AD995g  dB  the  Gtst  page  of  ~ 
this  data  sheet. 

The  heart  6f  the  AD9950  is  a  32-bit  carry-save  adder  accumula- 
tor, implemented  with  2-bit  rippk^arry  adder  cores.  The  324>it 
input  for  this  adder  is  stored  in  the  A-phase  registers.    '      '  '  ' 

Registers  for  the  most  significant  word  (MSW)  and  least  signifi- 
cant word  (LSW)  are  controlled  by  the  BUS  command.  In  the 
parallel  mode  (BUS  (S  logic  LOW),  these  registers  are  transpar- 
ent, and  serve  only  to  buffer  the  timing  data.  In  the  bus  mode 


(BUS  (ft  logic  HIGH),  they  operate  as  level-triggered  latches; 
and  data  is  strobed  into  the  registers  on  the  leading  edge  of 
LATCH  MSW  or  LATCH  LSW.  In  the  bus  mode,  da^fs* 
both  registers  is  multiplexed  through  Ti^-Tj,.  L. 

In'otl^  'mode^  new  data  is  strobed  into  the  A-Hiase  r^i^^lS) 
the  rising  edge  of  the  first  clock  cycle  after  the  LOAD  com- 
mand goes  high.  These  and  other  timing  relationships  are  illus- 
trated in  the  liming  diagrams^. 


17  CLOCK  CYCLES 


T16  -T31 

cm.) 


(iAT»IIHSW 


~y TUNE  WORD  TUNE  WORD  2 
A        MSW        K  LSW 


MSW  REGISTER  TUNEW0R[>1 
"OAfA(l|iftCRNAL)  MSW 


TUNE  WORD  2 
MSW 


iMT«(nmiMiu.) 


LOAD 
(TTL) 

A^PHASE 
DATA 
PNTERNAL) 

SYNC 
(ECL) 

*o-*ii 

„,,  (ECL) 


.CW 
^^  ([I-  .  'G  _ 


TUNE  WORD 
LSW 


TUNE  WORD  2 
LSW 


— ii- 


I 


Ilsu-^J-Uh, 

-Ild- 


tUNEWORDI 


TUNE  WORD  2 


.n 


tsp 


tpn    ^  I  * 


1  IC  1  \  f  jc 


REFLECTS 

TMWE  wq^  1, 


REFLECTS 
Tl»jl<!!Clj»»2 


trsu     TUNING  DATA  LATCH  SET-UP  TIME 

•tH      tuning  data  HOLD  time  .  ■•  "" 

tLMP    MSW/LSW  LATCH  MINIMUM  PULSe'WII^l.dW'i^      '  '  - 
tLSU  .  LOAD  COMMAND  SET-UP  TIME 
tLH      LOAD  COMMAND  HOLD  TIME 

'  MINIMUM  LOAD  COMMAND  DELAY,  MEASURED  FROM  MOST  RECENT  MSW/LSW  REGISTER  UPDATE 
tsD      SVNC  PROPAGATION  DELAY  (DOES  NOT  INCLUDE  17efe0CKeVCUEPIPEUNE  DELAY) 
tsP      SYNC  PULSE  WIDTH  !  . 

tpD      OUTPUTDATA<Ao-All)PROPDELAY    -  — 


Flgtlre  7.  AD9950  Bus  Mode  Timing  Diagram 


4- 128  COMMUNICA  TIONS  PRODUCTS 


REV.  A 


mm 


«0  O-SB)- 
Ali  (MSB) 
(EC4 


••n  K  5)M>  lit' 


ttsu 

*™ 

Ilsu 

tLH 
tsD 


TUNINQ  DATA  (To  -  ^31)  SET-UP  TIME 
TUNING  DATA  HOLS  TIME 
LOAD  COMMAND  SET-UP  TIME 
LOAD  COMMAND  HOLD  TIME 

SYNC  PnOPAGATION  DELAY  (DOES  NOT  INCLUDE  17  CLOCK  CYCLE  PIPELINE  DELAY) 
'  tffiSEWlOTH 

Ftill^~iAng'-^A'ii)-pmpb&AY  v:.-  - -./i, 

FifiViiB  2..  . AP^SO  Parallel  Mode  Timing  Diagram 


When  new  data  is  presented  to  the  A-Phase  register,  the  carry- 
save  architecture  requires  that  the  data  for  the  2-bit  cores  be 
staggered  in  time,  and  this  delay  is  provided  by  the  block  la- 
beled Pre-Align  Pipeline  Register.  The  scheme  used  to  prealign 
the  data  requires  the  A-Phase  Register  to  remain  constant  for  16 
clock  cycles  after  each  update. 

Timing  circuits  in  the  AD9950  latch  the  contents  of  the  A-phase 
register  for  16  clock  cycles  after  the  LOAD  command  goes 
HIGH,  preventing  corruption  of  the  data  during  the  prealign- 
ment  process.  After  the  16-clock-cycle  delay,  the  SYNC  output 
will  go  high  for  one  clock  cycle  to  indicate  that  new  data  has 
completed  the  prealigiunent,  and  a  new  tuning  word  can  be 
loaded  into  the  A-phase  register.  It  should  be  noted  llkat  the 
tuning  speed  (frequency  update  rate)  of  the  DDS  is  liimited  by 
this  architecture  to  one-seventeenth  of  the  clock  rate. 

The  data  from  the  2-bit  cores  must  also  be  realigned  to  provide 
the  12-bit  output  of  the  AD9950,  and  this  delay  is  provided  by 
the  block  labeled  Post-Align  Register.  When  the  quad  logic  is 
enabled  (QVf^^^m^  lo^c  m(^,:the  10  LSBs  (A,^A,)  are 


i 


inverted  when  A,o  is  HIGH.  This  logic  is  used  with  i 
ternal  logic  to  reduce  the  size  of  a  sine  look-up  table.'  ' 

Pre-  and  post-alignment  delays  combine  to  form  a  1 7-clock-eycle 
delay  of  the  output  data.  In  addition  to  this  delay,  the  loading  of 
the  A-phase  register  and  the  adder  accumulator  each  add  an  ad- 
ditional clock  cycle  delay,  bringing  the  total  delay  through  the 
AD9950  to  19  clock  cycles. 


The  RESET  (active  LOW)  command  is  asynchronous,  and     ■  « 
will  reset  llie  adder  accumulator  and  the  post-align  logic.  The 
A-phase  register  and  the  pre-align  logic  are  not  affected  by  the 
RESET  conmiand,  even  though  the  timing  (SYNC)  circuits  are 
reset.  A  complete  reset  of  the  AD9950  should  be  executed 
whenever  power  is  applied.  This  resetting  consists  of  loading  the 
A-phase  register  with  all  zeros;  allowing  the  data  to  propagate 
through  the  prealign  registers  (16  clock  cycles,  as  described 
above);  and  then  taking  the  RESET  pin  LOW. 

Timing  for  the  reset  circuits  is  shown  in  Figtire  3. 


REV.  A 


CLOCK 

(fed) 


T0-T31 

 (ttL) 


LOAD 


17  CLOCK  CVtLis 


DATA  ^OR  fHRSt 
TUNING  WORD 


CACJ 


-«ESET    -  - 

(TTI4  o<f 
NOTE 

BUS  =  LOW  OR 
 BUS  =  HICH,  LATCH  LSW  =  LATCH  MSW  =  LOW 


1 — r 


Figure  3.  AD9950  RESET  Timing  Diagram . 


-A —    -•'i  (j;3) 


DIRECT  DIGITAL  SYNTHESES 

Direct  digital  synthesis  (DDS)  is  a  method  of  deriving  a  wide- 
band, digitally  controlled  frequency  (sine  wave)  synthesizer  from 
a  single  reference  frequency  (system  clockj?      '  "' ^— '  ' '  ^'"^ 

The  circuit  has  three  major  components: 

1.  Phase  Accumulator 

2.  Phase-to-Amplitude  Converter 

3.  Digital-to- Analog  Converter 

These  major  stages  and  their  relation^ps  to  one  another  ate  -- 
illustrated  in  the  block  diagram  shown  below. 


PHASE 
ACCUMULATOR 


ROM  OR  RAM 


ANALOG 
CONVERTER 


LPF 


"  OUTPUT 


.diilll 


Figure  4.  Blci61t  piagrarn  6^,pOS  Genefatpr  _    .  ' ' 

The  ptMH^  accumulator' isca>  digital  device  which  generates  the 
phase  increment  of  the  oultmt  waivefonn.  Its  input  is  a  digital 
word  which  (with  the  reference  oscillator)  determines  the  fre- 
quency of  the  output  waveform.  The  output  of  Ijie  phase  accu-  , 
mutator  stage  represents  the  current  phase  of  the  generated 
waveform.  In  effect,  the  accumulator  serves  as  a  variable- 
frequency  oscillator  generating  a  digital  signal. 

Translating  phase  information  from  the  phase  accumulator  into 
amplitude  data  takes  place  in  the  phase-to-amplitude  converter; 
this  is  most  commonly  accomphshed  by  means  of  a  look-up 
ta^  (LUT)  stored  in  mranory. 


In  the  final  step  of  frequency  synthesis,  amplitude  data  is  con- 
verted into  an  analog  signal.  This  is  done  by  a  digital-to-analog 
(D/A)  converter  which  must  have  good  linearity;  low  glitch  im- 
pulse; and  fast,  symmetrical  rise  and  fall  times.  When  it  does, 
the  frequency  synthesizer  is  able  to  produce  a  spectrally  pure 
waveform. 

The  AD9950  is  a  digital  phase  accumulator  intended  for  use  in 
DDS  applications.  A  simplified  block  diagram  of  an  accnnu^- 
tor  is  shown  below. 
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Figure  5.  Accumulator  Simplified  Block  Diagram 

Operation  of  the  device  is  straightforward;  the  contents  of  the  in- 
put register  are  added  to  the  output  register  on  each  clock  cycle. 

Input  data  represents  a  phase  step,  and  is  referred  to  as  A-j^hase. 
T^  putput  data  j§;ft  distal  »»P:  whose:  frequraiey.i*  a  fraction. 
ofjjhei^lQck  firequeiicy:: .  ^-  - 

■JOVT  -  •  JCtOCK  -  -'-^  fCXOCK, 

where  N  is  the  resolution  (number  of  bits)  of  the  accimiulator. 
(N  determines  the  resolution  to  which  the  output  frequency  can 
be  adjusted:  tojoEsfl'' .) 
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The  output  data  of  the  phase  accumulator  can  be  considered  a 
phase  vector  moving  around  a  circle,  as  shown  graphically  in 
Figure  6. 


ACCUMULATOR  RESOLUTION 


BITS 
8 
12 
16 
20 
24 
28 
32 


NUMBER  OF  POINTS 
256 
4096 
65S36 
1048576 
16777216 
268435456 
4294967296 


Figure  6.  Vector  Representation  of  Phase  Accumulator 
State 

In  this  analogy,  the  vector  will  move  around  the  cilde  in  fixed 
steps,  ojlled  A-I%ase,  in  n^pbiise  to  each  clock  !crycle.  The  num- 
ber of  i^ase  poififs  which  is  available  is  determined  by  N,  the 
res^tion  of  the  sccuniulktar.  The  frequency  of  the  output 
wavtoiin  i^'det^itined  by  die  number  of  clock  cycles  required 
to- move  the  phase  vector  aroimd  the  circle  one  lime. 

Phase  data  at  the  output  of  the  accumulator  is  converted  to  am- 
plitude data  by  mems  of  a  look-up  table  (LUT);  that  data,  in 
turn,  is  converted  to  an  analog  signal  by  a  digital-to-analog  con- 
verter (DAC). 

To  avoid  aliasing,  the  output  frequency  should  be  limited  to  less 
than  one-half  the  clock  frequency.  This  translates  to  limiting 
A-Phase  s2"^"".  The  majority  of  DDS  systems  limit  output 
frequency  to  less  than  40%  of  the  clock  rate  to  make  design  of 
the  low-pass  filter  (LPF)  easier.  Practical  DDS  designs  often 
limit  the  output  fiwjuency  to  less  than  2S%  to  mimmizer  the  ef- 
fects of  ac  limitations  in  the  DAC. 

The  DAC  is  the  only  analog  component  in  the  circuit,  and  its 
resolution  determines  the  amplitude  quantization  of  the  gener- 
ated waveform.  This  amplitude  quantization  places  a  theoretical 
limit  on  the  signal-to-noise  ratio  (SNR)  of  the  DDS  system.  In 
addition  to  quantization  effects,  the  DAC  has  static  and  dynamic 
nonlinearities  which  corrupt  the  converter's  ideal  transfer  func- 
tion. DC  nonlinearity,  slew  rate,  glitch  impulse,  settling  time, 
and  digital  feedthrough  are  all  DAC  characteristics  which  can 
reduce  the  dynamic  range  of  the  overall  DDS  system. 

Implementing  the  Look-Up  Table 

Using  the  full  resolution  of  the  phase  accumulator  in  the  phase- 
to-amplitude  conversion  is  both  impractical  and  uimecessary.  As 
an  example,  using  the  full  resolution  of  the  AD9950  would  re* 
quire  a  look-up  table  >4G  x  12. 

It  is  preferable  to  have  the  LUT  only  large  enough  to  insiure 
that  the  dc  error  of  the  output  waveform  is  dominated  by  the 
quantisation  error  of  die  DAC.  In  most  DDS  qiplications,  the 


conversion  is  to  a  sine  (or  cosine)  wave.  This  requires  the  look- 
up, ;tab^Jt9,  have  two  mpr^,^ts  pjLr^hlpbn  than  the  DAC.  In 
the  AD99S0,  phase  output  dbta  is  truncated  ,fo  12  bits,  support- 
ing a  10-bit  DAC  for  sine  iravf.  n>plications  (4k  x  10  LUT). 

.ft, 

Using  the  Quad  Logic 

In  sine  wave  applications,  the  amount  of  memory  needed  to  im- 
plement the  LUT  can  be  reduced  by  taking  advantage  of  the 
known  characteristics  of  a  sine  wave.  The  AD99S0  incorporates 
on-board  "quad  logic"  to  simplify  using  this  technique.  This 
logic  is  enabled  by  taking  the  QUAD  EN  (Pin  26)  input  high. 

First,  the  look-up  table  does  not  need  to  store  the  most  signifi- 
cant bit  (MSB)  of  the  amplitude  data  because  it  is  the  same  as 
the  MSB  of  the  phase  accumulator  data;  this  reduces  the 
amount  of  memory  which  is  required  to  4k  x  9. 

The  symmetrical  properties  of  sine  waves  allow  further  reduc- 
tion. Only  the  first  quadrant  (90°)  of  the  sine  wave  is  required, 
as  shown.  Tty;  r»luces  the  memory  of  the  LUT  addi:essed  by 
the  10  liS^'of  the  AD99S0  to  Ik  x  9. 

♦  -  ^f" 


Figure  7.  AD9950  Sinewave  Pliase-Amp  Converter 

Because  the  second  quadfant  of  the  sine  wave  is  the  mtim\.  .'iji 
image  of  the  first,  it  can  be  addressed  by  inverting  the  10  leas^^: 
significant  bits  (LSBs)  of  the  AD9950.  This  address  inversion  is: 
performed  on  board  the  AD9950  by  the  quadrature  logic,  a  set 
of  inverters  which  are  transparent  when  data  is  in  the  first  quad- 
rant, but  functional  when  data  is  in  the  second  quadrant.  The 
second-most  significant  bit  (An,)  of  the  accumulator  determines 
in  which  quadrant  the  data  is  located  and  controls  the  inveners. 
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JiD9950   

Each  inverter  is  actually  a  two-input  exdusive-dr  (XOR)  gate 
driven  by  one  of  the  LSBs  (Ao-A,)  and  A|o.  Its  operation  is  il- 
It^JSiW  in  Figure  8. 


(Aio)  CONTROL  O— V 
.(k«-A9V«aNAU  O  ii 


■■■.■1  V,.-,: 


CQWWIOt 


SIEiNAL 


^    V  TRANSPARENT 


.17  e^uim  « 

Figure  8.  XOR  as  Controlled  Inverter 


Quadrantes  three  and  fmit-iil  (he  ^ne-'n^li^crSie'iehe  inverse  of 
quadr^ioBe'aiiidtVrai  Afo^tiide  datt  H^  tB6 tSBs  in  these 
quadrants  is  obtained  by  inverting  the  dau  from  the  LUT:  This 
step  is  similar  to  the  inversion  described  earlier,  and  is  con- 
trolled by  the  complement  of  the  accumulator's  MSB:  in.  the 
Analog  DMiees  ttiild«l:AD9720,  this  operation'is  inte^ted  into 
the^t^  T^j^^f^ete  nllBif  to-ampBtBde  cpiiffaaaon-iwpcess 
uang  qUacMdgic  is  illustrsKd  bekiw.  ' 

The  memory  used  to  consfwct  the  look-up  table  must  have  a 
fast  read  access  time;  3  ns  ECL  RAM  (10E474,  Ik  x  4)  will 
support  the  update  rate  of  the  AD9950.  Most  applications  will 
require  a  separate  read-only  memory  (ROM)  to  store  the  data  ' 
permanently  and  an  initialization  proem  telnul  this  data  jato 
the  RAM  during  the  time  the  DDS  citeuit  is  b&ig  witidized. 
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Figure  9.  Phase-to-Sine  Amplitude  Conversion,  Using  Quad  Logic 
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Layout  and  Power  Supplies 

Proper  layout  of  high  speed  circuits  is  always  critical,  but  is  par- 
ticularly important  when  both  analog  and  digital  signals  are  in- 
volved (i.e.,  DDS  systems). 

Analog  signal  paths  should  be  kept  as  short  as  possible,  and  be 
properly  terminated  to  avoid  reflections.  The  analog  input  volt- 
age and  the  voltage  references  should  be  kept  away  from  digital 
signal  paths;  this  reduces  the  amount  of  digital  switching  noise 
that  is  capacitively  coupled  into  the  analog  section  of  the  circuit. 

Digital  signal  paths  should  also  be  kept  short,  and  run  lengths 
should  be  matched  to  avoid  propagation  delay  mismatch.  Termi- 
nations for  ECL  signals  should  be  as  close  as  possible  to  the  re- 


ann^^ti 
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In  high  speed  circuits,  layout  of  the  ground  circuit  is  a  critical 
factor.  A  single,  low  impedance  ground  plane,  on  the  compo- 
nent side  of  the  board,  will  reduce  noise  on  the  circuit  ground. 
Power  supplies  should  be  capacitively  coupled  to  the  ground 
plane  to  reduce  noise  in  the  circuit.  Multilayer  boards  allow  de- 
signers to  lay  out  signal  traces  without  interrupting  the  gCOV^ 
plane,  and  provide  low  impedance  power  planes.  .  .  ,. 


si'::,  i 

^:iai  ■.-::'->  it.  Sasif, 

...  '■I'-:,   sKll'Sinrt"  I* 


.1  -,Sti 


Ari^32  COMMUNICATIONS  PRODUCTS 


RE\AA 


AD9950  APPUCATION 

The  diagram  shown  below  illustrates  implemoitation  of  a  300 
MSFS  direct  digital  synthesizer  using  the  AD99S0  32-bit  phase 
accumulator  and  the  AD9720  10-bit  300  MSPS  digital-to-analog 
converter  (DAC).  The  AD9950  is  controlled  by  a  16-bit  micro- 
processor, which  provides  tuning  data  for  the  system. 

Phase-to-amplitude  conversion  uses  a  Ik  x  9  LUT  and  is 
stored  in  very  fast  (3  ns  access  time)  ECL  RAM.  Data  for  the 
ECL  RAM  is  stored  permanently  in  a  CMOS  ROM  and  is 
transferred  into  tfagl^^  #  jptt.jaf  tte  ftiMlStliW  ftsoen 
cussed  earlier. 


Sine  data  for  the  LUT  is  based  on  the  12-bit  phase  4ut  from 
the  AD99S0  and  is  calculated  as: 


ROUND  511.5  X  sin 


4096 


X  2tt 


This  provides  data  for  the  AD9720  DAC  that  has  a  spectral 
purity  of  ts  76  dSFS. 
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DIE  LAYOUT  AND  MECHANICAL  INFORMATION 
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Die  Dimensions    175  x  172  x  15  (±2)  mils 

Pad  Dimensions  4x4  mils 

Metalization  Gold 

Backing   None 

Substrate  Potential  -Vj 

Passivation   Nitride 

Die  Attach   Gold  Euiectic  (Ceramic) 

Bond  Wire  1-1.3  mU,  Gdd;  Gold  B^l 


ORDEBING  GUIDE 


Temperature 

Padiage 

Package 

Model 

Range 

Description 

Option* 

AD9950KJ 

0°C  to  -l-70°C 

6g-Pin  J-Leaded  Ceramic 

J-68 

AD9950TJ 

-55°Cto  +125°C 

68-Pin  J-Leaded  Ceramic 

J-68 

*]  °-  J-lcadcd  ceramic  package^  hermetically  sealed  ceramic  package,  similar  lo  PL.CC. 
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FEATURES 

*  Recovers  Data  From  Lines  Varying  From 
Oft.  to  Over 6000 ft. 

■  Wide  Data  Range,  Under  300bps  to  Over  6Mbps 

*  Accepts  RZ  and  NRZ  Data  Formats 

*  Accepts  Unipolar  and  Bipolar  Transmission  Formats 

*  Single +5Volt  Operation 

*  Automatic  Gain/ Equalization  Control;  ".. 
Dynamic  Range>60dB 

*  TTUCMOS  Compatible  Clock  and  Data  Outputs 

*  Provides  LOSS-OF-CARRIER  Output 

*  Suitable  forT1,E1,T1C,T2,  DOS,  and  UUNAppllcaUaiw 


APPLICATIONS 

•  PBXs  and  LANs  Using  Twteted-Palr,  Coax, 
or  Fiber  Optic  Cable 


Test  Equipment 

Industrial  Communications/Process  Control 
Digital  Multiplexers,  CSUs,  and  Switching  Equipment 


GENERAL  DESCRIPTION 

The  LIU-01  is  a  versatile  monolithics  receiver  for  use  in  serial  data 
transmission  networks.  It  allow^s  the  recovery  of  data  transmitted 
in  both  RZ  and  NRZ  formats  over  lines  from  0  ft.  to  over  6000  ft. 
The  LIU-01  separates  the  clock  from  data  and  presents  both  clock 
and  data  as  TTUCMOS  compatible  outputs.  A  LOSS-OF-CAR- 
RIER output  is  also  provided  to  indicate  that  the  incoming  signal 
has  fallen  below  a  usablejevei.jrhe  UU-01  incorporates  a  high 
gain  preamplifier  and  duatAliB@p6rteeriabling  it  to  automatically 
>  I'  Continued 
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^EAAL  description  Continued 

adjust forthe  signal  attenuation  and  frequency  distortion  encoun- 
tered at  vary  ing  lengths  of  twisted-pair,  coax,  orfiberoptic  trans- 
mission lines.  It  will  tolerate  an  input  signal  range  of  over  60dB 
and  can  handle  data  rates  ranging fFwn-lese-than  300bps4o 
greater  than  6Mbps. 

TheLIU-01  meetsallCCITTandATTspeclficationsforanlSDN 
compatible  receiver  interface.  Additionally,  it  is  directly  compat- 
ible with  the  R8070  and,  with  one  additional  inverter  gate,  the 
.DS21 80  digital  T1  transeivers. 

bROERING  INFORMATION  ^ 


ABSOLUTE  MAXIMUi|3^wQi%'^^C^  1^^^ 


MaxiimiinVottage,  Pki-S^e  Pin  1 1 

Maximum  Voltage,  Any  Pin  Except  1 2  and  13  

Maximum  Sinking  Current,  Any  Pin  .,..„,„.  20rnA 

-Operating -Tempefatufe-Range-.iv.-jA.^.'.iji?...:....-40°C  to  +B5'*C 

Storage  Temperature  Range  -65°<^,toi+-150°C 

Lead  Soldering  Temperature  ..,„.«.»  i-.  .-......„„..  +300SC 

i»C 


PACKAGE  . 

OPERATING 

■0  ^^nOK 

'ISMPBRAmRE 

ie-piN 

16-PIN 

RANGE 

UU01FQ 

LIU01FP 

XIND 

LIU-1FS" 

XIND 

PACKAGE  TYPfe  "          Oi  I-  - 

^^(NotBl) 

:  -!VMJNITS 

 it\,f  ' 

16-Pin  Hermetic  DIP  (Q)  . 

r     .  94, 

12 

°c/w 

 ; — '  vi^ty*  i  ^ 

16-Pin  Plastic  DIP  (P) 

 ^l.-«iSCt"j 

3% 

.1.,  ^  /'^^ 

16-PinSOL(S) 

t    Burn-in  is  available  on  commercial  and  industrial  temperature  range  part6  in 

CerDIP  and  plastic  DIP  packages, 
tt  For  availability  and  burn-in  infonnation  on  S.O  and  PLCC  packages,  contact 

your,lgcal.8alesoffl,eiP.      ii.,n-in.i ,  :  . 


in  socket  tor  CerDIP  and  P-DIP  packages;     is  specified  for  device  soldered 
to  printed  circuit  board  tor$i^packiag^4   '  'vJ-<iSv_  .->s,  di 
■    .,;k>' ^  -r  .rH:.::      0:',f3,;T  iO>>>id-'Mr  ' 


ELECTRICAL  CHARACTERISTICS  at  Vcc  =  5V,  -40°C  <  Ta  <  +8.5°C,  unless  othenwise  noted. 


PARAklfT^^,  ,  ■ 

,_COMINnONS 

LIU-01F         ->  "  ^ 

^oifVBla^'nirtiifMiti 

.-brllNITS 

SUPPLY 

_  ;  ,  ;{•• 

Supply  Currant  -  - 

ico 

 (Nol»1)    — - 

$0 

M 

mA 

Supply  Voltage 

Vcc 

4.75 

5.0 

5.5 

V 

PREAMPLIFIER 

Preamplifier  Open-Loop  Gain 

AAv(0ifl)/(2AviN(DI^  ' 

 -i  

"  dB 

Preatnpllfler  Bandwidth 

Bw 

-adB(Note2) 

6 

9 

MHz 

Preamplifier  Input 
Impedance,  Differential 

Z|N 

f=  1.544MHz 

 Ur; 

50 

kQ 

Preamplifier  Input 
Offset  Voltage 

Vos 

(Motel) 

0.8 

5 

mV 

Preamplifier  Output  Impedance 

50 

100 

n 

ZoUT 

Preamplifier  Output  Higti 

VOHA 

T*-+25"C 

3.8 

4.0 

V 

Preamplifier  Output  Low 

Vou» 

Ta  -  *25°C     

;  W 

1.2 

V 

Preamplifier  Input 
Bias  Current 

'b._. 

(Note1) 

'  -T 
1 

4 

MA 

Preamplifier  Input 

los 

(Note1) 

0.M  ; 

0.5 

MA 

Offset  Current 

Preamplifier  Output 
Self-Bias  Voltage 

Vpc 

Ta-+25°C 

2.S 

V 

-    ■  J 

OUTPUT  DRIVE 

Output  High  Voltage,  CDC 

VoHC 

l|.  =  100iiA 

3.5 

4.0 

V 

Output  Low  Voltage,  LOG 

VOLC 

II  =  5mA 

0.22 

0.4 

V 

Output  High  Voltage, 
RPOS,  RNEG,  RCLK 

VoHO 

Il  =  400iiA 

3.2 

3.5 

V 

Output  Low  Voltage. 
RPOS;  RNEQ,  RCLK 

vjsia  

lL--5inA                   '  • 

0.15 

0.4 

V 
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UU-01F 

PARAMETER 

SYMBOL 

coNomaiMi'^'-'- 

HM 

TYP  MAX 

UNITS 

Output  Pulse  Rise-Time 

Tor 

 ^. -i' I'r  .ft '"■.■TV 

». 

'jF  :  -    '-^  ■'   

Cjuqnjt  Pulse  Fiall-Tlnw 

ToF 

1 

40  i 

m 

dutputPulte-Wldth, 
RPOS,  RNEG 

Pwo 

fa  1.544MHz 

648 

ns 

Output  Pulse-Width, 
RCLK 

Pwc 

f>  1.544MHz 

■ "! 

- — s 

CLOCK  CIRCUIT 

X  :  !  ' 

Oscillator  Bias  VoitaQe 

VaiAS 

'     14       '         ^  -  ! 

vs 

lA  J 

Tank  Emitter-Follower 
Base  Current 

h-B 

(Note  1) 

'  i-  ^ 

MA 

Oscillator  Bias  Current 

•ose — 0 

 !  j— 

-720  ^-J- 

'">■  7.'- 

Oscillator  Injaoii^  Currant  ;,- 

llNH 

|iA 

Data  Sampling  Interval 

T08 

20 

ns 

Delay  Circuit  Resistor 

Rd 

Measured  from  Pin  8  to  Pin  3 
Ta-42S"C 

700 

O 

ALSO 

TPViTAflfStMSTgv 

Differential  Voltage,  measured 

ALBOTtireshold 

Vta 

between  Pins  1  and  2,  requited 

1.35 

1^  1J85 

y 

to  acUvata  lha  Peak  Detector ' 

ALSO  Threshold  iDifferental 

VtA13 

 ■ — p — 

■% 

ALBO  ON  Voltage 

Voi4  - 

 1 

Measured  at  Pin  14,          '  s 

[VpiN  1  -  VpiN  :]  -  ALBO  Threshold  +  20mV 

1.0 

'  »'  — ■  ' 
_..  4.0 

ALBO  OFF  Voltage  Vp^ 

"  f 

Meesuradttt  l^lns  12, 13, 14 
(Notei) 

1  * 

Minimum  ALBO 

Rd  min 

6  15 

Diode  Resistance 

Maximum  ALBO 
Diode  Impedance     '  ' 

fie(l~,S44MHz~(NDte2);s 

20  w 

30-!              _  . 

*kO 

ALBO  Diode 
Impadance  Matching 

Rd-iooq 

10 

« 

DATAi(etJ3(gCtMiliSH0IM! 

Differential  Voltage,  measured 

Clock  Threshold 

Vtc 

between  Pins  1  and  2,  required 
to  activate  the  Peak  Detector 

0.92 

llOB  11,22 

V 

CkMkThmahokl 
as  %  of  ALBO  Voltage 

Vto» 

68 

71  74 

% 

Differential  Voltage,  measured 

Data  Threshold 

Vto 

between  Pins  1  and  2,  required 
teacUvatathePaak  palactar  .1  - 

0.82 

0.75  0.90 

V 

Data  Threshold 
as  %  of  ALBO  Voltage 

48 

50  54 

% 

NOTES: 

1 .  Prwmplilier  self-biasad  Vmn  i  -  Vm  2  -  Vmh  is  -  Vpin  le- 

2.  Guaranteed  by  design. 
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TYPICAL  ELECTRICAL  CHARACTERISTICS 


INPUXijQFFSET  VQLTAGE 
vs  TEMPERATURE  — 
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INPUT  OFFSET  CURRENT 
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APPLICATIONS  INFORMATION 

FUNCTIONAL  DESCRIPTION 

The  Preamplifier:  The  LIU-01  contains  a  differential-input,  differen- 
tial-output preamplifier  with  a  gain-bandwidth  product  of  over 
5GHz.  Internally,  the  preamp  outputs  drive  a  differential  signal  into 
a  set  of  threshold  comparators.  The  external  inverting  preamp 
output  is  normally  used  only  for  biasing.  The  differential  inputs 
and  the  external  noninverting  output  behave  as  a  conventional  op 
amp.  Thus,  the  preamplifier  open-loop  gain,  Avol'  specified  as 
AVo(+)/AV|N(Dlff).  Preamplifier  bandwidth,  typically  9MHz,  Is  the 
frequency  at  which  A  vol  has  fallen  3dB  from  its  DC  value.  Unlike  a 
741-type  op  amp  whose  single-pole  open-loop  gain  response 
provides  unity  gain  stability,  the  LIU-01's  preamplifier  has  been 
optimized  for  maximum  gain-bandwidth  product  and  exhibits  a 
multiple-pole  gain  roll-off  beyond  lOMIHz.  The  preamp's  open- 
loop  gain  and  phase  vs.  frequency  characteristics  are  shown  in 
Figure  1.  Specific  points  on  these  characteristic  curves  are  listed  in 
Table  1.  The  curves  imply  that  the  LIU-01  requires  a  minimum 
closed-loop  gain  of  200  for  stability.  By  providing  46dB  of  feed- 
back loop  attenuation  at  20MIHz,  the  preamp  will  be  stable  with 
about  35°  of  phase  margin.  To  aid  in  modellrig  the  frequency 
nisponaf)  of  tt)^  LJ.UrOt^preernR^  'l^ie  Z  \^  Vf^.ipjpff^mate 


|FtGlilM^%  tiiiM'  preampHfle'rgaln/phaae  vs 'frequency. 

TABLE  1:  Typical  Preamp  Gain/Phase  Response 


FREQUENCY  (MHz) 

AvoL(dB) 

PHASE  (DEC) 

1.0 

55.7 

-8.7 

t.544 

55.7 

-14.0 

•9.0 

20.0 

45.8 

-145.7 

30.0 

40.8 

-180.8 

TABL£  2:  LIU-01  Preamp  Model 

Ro 

OPEN-LOOP  POLES 

S6dB 


son 


12MHz 
20MHz 
4  X  135MH2 


The  LIU-OI's  preamp  Is  designed  to  operate  around  atel 
DC  com  mon-mode  bias  level  equal  to  reuflhfcfSO*  of  the  supi^ . 
voltage  on  both  its  inputs  and  outputs.  ThSwmws  the  outputs  tb 
achieve  maximum  swing  whenempiifying  an  ^couplli^  b^KMjf 
signal.  It  also  produces  zero  differentialpi«am^«a^itvaltag^qr 
zero  input  signal.  Operating  frorn^b  +Sy  supply,  the  preamp  out- 
puts will  balance  at  approximately  +2jSV  altdwing  an  output  veil  < 
age  swing  of  ±1.5V  two^id^this  bias  fevel  as  illiistrated  ieiFiguisS . 


FIGURE  2:  The  differential  outputs  of  the  LiU-01's 
preamplifier  swing  symmetrically  around  a  DC  bias  point  of 
about  2.5V.  Vo(-)  is  inverted  with  respect  to  Vo(+)  about 

this  point.       .        _  .  ^  .  _ 

Figures  3  and  4  show  two  methc^j^^^^M ng  tke  pi»amp  t  > 
automatically  self-bias  boththe  injnitsaricl  outpbtstoan  ^munii 
level.  The  single  resistor  and  capacitor  used  in  Figure  3  extracts 
the  DC  average  of  the  inverting  output  and  feeds  tt  t>ack  to  the 
noninverting  input  to  establish  the  input  common-mode  level. 
This  negative  feedbacl<  will  force  the  outputs  to  center  their  swing 
around  the  DC  level  at  which  Vo(Diff)  =  OV.  This  type  of  self- 
biasing  is  practical  only  when  the  preamp  is  passing  a  balanced, 
AC  coupled,  bipolar  signal.  If  the  preamp  must  preserve  the  DC 
level  of  an  unbalanced,  unipolar  signal,  then  a  self-biasing  scheme 
as  is  shown  in  Figure  4  is  required.  This  network  sets  the  input 
common-mode  level  by  establishing  the  DC  average  of  both 
differential  outputs.  In  this  way,  the  input  common-mode  level  will 
always  be  that  voltage  at  which-'Vbpi^^'OV  regeifilValt  Of  the 
inputsignal.  ,  ;  £ r-qnie-Ti  -    ■  ■  JA  >  < 

■   -  -    -     v..  to 

«>-T  o 


.0  art!  Of  t 


FIGURE  3:  Preamp  self-biasing 
balanced  bipolar  signals. 


I 


'QC,.:-  '.•<,: 
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FIGURE  4:  Universal  preamplifier  self-biasing  tBS^Iqim 
allowing  unipolar  signal  amplification. 

■'  tK-  

Threshold  Comparators:  The  LIU-01  contains  three  pairs  of  thresh' 
old  comparators  to  monitor  the  differential  outputs  of  the 
preamplifier.  Each  of  the  six  comparators  is  set  to  detect  a  specific 
differential  preamp  output  level.  Three  comparators  measure  pos- 
itive,differentials  and  three  measure  negative  differentials.  The 
individual  thresholds  are  labeled  as  positive  and  negative  Peak, 
Clock  and  Data  as  shown  in  Figure 


0.75 

1   PEAK  (+) 

F)  (VOLTS) 

^  CLOCK  (+) 

\ — D«rA(+) 

5 
>° 

/■  DATA  (-) 

y-  CLOCK  (-) 

-0.75 

 -PEAK  (-) 

FIGURE  5:  Six  threshold  comparators  detect  positive  and 
negative  differential  preamp  output  levels. 


The  Peak  detector  outputs  are  used  to  perform  an  AGC-type 
function  (ALBO)  to  maintain  a  constant  preamp  out^.f|^,  .Th^ 
Clock  detector  thresholds  are  set  at  71%  of  the  Peak  Iev4s.  When 
the  Clock  thresholds  are  reached,  the  comparators  send  a  syn- 
chronization pulse  to  the  on-board  (»cillaf6r  to  lock  its  frequency 
to  that  of  the  incoming  signal.  The  Data  detectorthresholds  are  set 
at  50%  of  the  Peak  4evels  for  maximum  ftol^  immunity.  The 
outputs  of  these  comparators  provide  the  digital  data  which  is 
clocked  into  the  output  latches  A  preamp  differential  output 
which  exceeds  the  positive  Data  threshold  represents  a  digital  "1" 
and  produces  a  high  output  on  RPOS.  Exceeding  the  negative 
Data  threshold,  also  a  digital  "1",  produces  a  high  output  on 
RNEG.  A  preamp  output  which  exceeds  neither  Data  threshold,  a 
digital  "0",  produces  a  low  output  on  both  RPOS  and  RNEG. 

ALBO/LOC:  Both  the  ALBO  and  LOC  functions  are  driven  from 
the  Peak  threshold  detector  outputs.  The  ALBO,  Automatic  Line 
Build-Out,  circuitry  consists  of  two  current  driven  diodes  which 


a  current  pulse  is  sourced  into  the  ALBO  diodes.  These  pulses  are 
averaged  to  a  DC  current  by  an  external  ALBO  filter  capacitor.  As 
the  current  flowing  through  the  diodes  increases,  their  incremen- 
tal impedance  is  lowered  as  described  by  the  exponential  l-V 
curve  for  a  diode-connected  NPN  transistor  shown  in  Figure  6. 
The  impedance  of  the  NPN  transistor  emitters  which  source  the 
current  to  the  ALBO  diodes  follows  an  identical  curve.  Because 
the  bases  of  these  transistors  look  like  an  AC  short  to  ground  by 
virtue  of  the  external  ALBO  filter  capacitor,  the  total  AC  impe- 
dance of  each  ALBO  port  looks  lik£i  the  parallel  combination  of 
twoifiodes:    '•■  -  ;-.    .v  .;-« 


^6S^°;.^^:+P'sTRAY 


where  I  □  equals  the  DC  durrent  flowing  through  the  diodes  and 
RsTRAY  represents  the  stray  resistance  inherent  in  the  LlU-Oi, 
about  3n.  The  longer  a  Peak  level  is  detected,  the  greater  Iq 
becomes,  lowering  Rq.  When  no  Peak  levels  are  detected,  the 
voltagetm  the  ALBO  filter  capacitor  t>ec6mes  zero,  shutting  off 
currefitio  the  dibdes.  Under  this  condition,  the  stray  pin  capaci- 
tance'&f  abt>i^  SSpF  will  limit  maximum  ALBO  impedance.  A 
*t-544MHi%iE)hSI-  Wffl  see  an  effective  port  ALBO  impedance  of 
about  30kn.  In  addition  to  shutting  off  the  ALBO  diodes,  the  loss 
of  voltage  on  the  ALBO  filter  will  trigger  the  simple  two-transistor 
comparator  that  forms  the  Loss-of-Carrier  detector,  LOC,  bring- 
ing that  output  low.  This  signal  can  be  used  to  warn  the  digital 
system  receiving  the  data  from  the  LIU-01  that  the  incoming  signal 
has  fallen  below  a  manageable  level  and  any  data  output  under 
this  condition  may  be  false.  If  a  Peak  level  is  again  detected  and 
ALBO  filter  voltage  ris^  above  about  0.7V,  LOC  will  return  high 
indicating  that  the  received  data  is  again  valid. 


FIGURE  6:  The  incremental  impedance  of  the  diode- 
connected  WPW  transistor  used  as  the  ALBO  diode  is 
dependent  on  the  DC  bias  ei/tient  flowing  throughit. 


The  Oscillator  The  LIU-01's  on-board  oscillator  is  designed  to  be 
free-running  at  a  frequency,  fg,  set  by  an  external  inductor  and 
capacitor,  where  fo  ^  1/(27rVLC  ).  The  phase  and  exact  fre- 
quency of  the  osci!lator.are  synchronized  tb  the  incqrTjingjBata 
signal ;t!y4:he  Clock  threshold  comparators.  EsKih  time  the^pream- 
plifier^  differential  output  exceeds  the  Clock  thresholds,  the'cbm"- 
parator's  outputs  inject  a  current  pulse  into  the  LC  tanK^g:illator 
MM%|i$(j|gpil)iE#Qn  Mith  the  inoQiming  signak^i^^eriods 
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where  no  Clock  levels  are  detected  by  the  comparators,  the  LC 
tank's  oscillation  will  relax  back  to  Its  own  resonant  frequency.  An 
'  internal  comparator  Is  us(9d  to  square  the  LC  tank's  sinusoidal 
!  oscillation  Into  a  digital  level  clock.  This  cpmparator  Incorporates 
a  delay  function  to  allow  the  user  to  contiii  when  the  clock  edge 
will  reach  the  output  iatcta^Xtm  etock  signal  then  passes 
through  an  inverter  buffiHmlsrpreSiented  as  a  TTL/CMOS 
compatible  output,  RCLKI  

The  Output  Latches:  Two  edge-triggered,  D-type  latches  provide 
the  TTL/CMOS  compatible  digital  data  outputs,  RPOS  and 
RNEG,  of  the  LIU-01.  The  digital  Information  at  the  outputs  of  the 
Data  threshold  pompar^tofs  is  clocked  into  these  latches  on  the 
rising  edge  of  trie'  internal' clock.  This  corresponds  to  RPOS  and 
RNEG  both  being  updated  on  the  falling  edge  of  the  output  clock. 
The  latched  data  outputs  will  remain  stable  until  they  are  updated 
again  by  the  next  clock  cycle,  therefore,  ttie  rising  edge  of  the 
RCLK  can  be  used  directly  to  shift  RPOS  and  RNEG  into  a  shift 
register  or  onto  a  micii^rocessor  bus.  The  timing  of  the  LIU-Q1 
digital  outputs  is  iltusbated  in  Figure?.  Thaoutput  firGtiitegtureof 
the  UU-01  Is  directly  compatible  with  the  RSO^  ^digital  trans- 
ceiver. Unlike  the  RB070,  the  .DS2UIP  .digital  triirisctlver  clocks 
data  in  on  the  f^llit^g  edge  (^theiiii|PU|(sH^.  Ueins,m^ 
gate  taJny«!tRCJj^f(^^tes,-#'eJUWT<l:tfts^ 

,(teE>fo.  li^uoneal^iixaltadiai'iTi  1-'.- '.  •  •:  T'  '  - 

--.V.  ^^inimangilu-  k  M.-.i.:f:       ;  ■■  ^;  i  . 
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FIGURE  7:  The  LIU-OI's  output  timing  insures  that  the  data 
outputs  are  stable  on  the  rising  edge  oi  RCLK.  Skew 
between  outputs  is  typicaily  10ns.  •  ^ 

DESIGNING  WITH  THE  UU-01 
DEIGNING  A  WIDEBAND  AMPUFlBl 

Rgure  8  shows  a  typical  configuratj^au^ng  the  LIU-01's  pream- 
plifier to  create  a  high  gain,  wideband  amplifier.  The  capacitor  Ci 
determines  the  amplifier's  low  frequency  gain  roll-off  while  resis- 
tors R 1  and  R  jset  the  AC  closed-loop  gain.  At  DC,  the  amplifier  is 

in  unity  gain.  A  zero  at  oji  =  1/(R2Ci)  causes  the  AC  gain  to  rise 
until  a  pole  is  reached  at  W2=  1/(RiCi).  The  final  value  of  closed- 
loop  signal  gain  Is  equal  to: 

Equatk]n2  Avol= 


 T 


i: 

XL 


FIGURE  8:  Typical  noniWertihg  preamplifier  git§  3R: 
configuration  with  self-biasing.  vint/f- 

To  ensure  preamp  stability,  the  ratio  Rg/Ri  must  be  a  minimum  of 
200  to  a  bandwidth  of  at  least  20MHz.  Low  value  resistors  should 
be  used  for  R  2and  R  i  to  minimize  the  effects  of  stray  capacitance 
in  the  feedback  loop.  Since  PC  board  applications  exhibit  at  least 
2pF  of  stray  feedback  capacitance  (equal  to  about  4kfl  impedance 
at  20MMz),  R-i  should  be  less  than  20n. 

Because  the  preamp's  differential  output  vpitage  is  monitored 
the  internal  threshold  comparators,  any  output  of^wHI  degi 

the  symmetry  of  positive  and  negative  threshold  levels.  Operatini 
the  preamplifier  in  DC  unity  gain  is  instrumental  in  minimizing  thS 
output  offset  voltage.  Offset  can  be  further  reduced  by  balancing 
the  preamp's  DC  input  source  Impedance.  Preamp  output  loading 
in  the  form  of  feedback  and  biasing  networks  should  also  be 
balanced  to  ensure  uniform  Inverting  aciion  between  to  ta^ 
preamp  outputs.  — i 

AGO  USING  THE  ALBO  DIODES 

The  variable  Impedance  action  of  the  LIU-01's  internal  ALBO 
diodes  can  be  used  to  create  a  wide  dynamic  range  AGC  loop  with 
the  preamplifier  as  shown  in  Figure  9.  While  the  preamp  dpereSSa 
at  a  fixed  AC  gain,  the  input  signal  is  variably  attenuated  by  the 
impedance-divider  networks  of  Ri/Zd,  and  R2/Zdj.  As  the  input 
signal  magnitude  increases  and  the  preamp's  outputs  cross  the 
Peak  thresholds,  ALBO  diode  impedance  decreases  providing 
more  signal  attenuation  prior  to  the  preamplifier  input.  If  input 
signal  magnitude  decreases,  diode  impedance  will  increase, 
reducing  signal  attenuation.  The  result  is  a  constant  preamp  Input 
level  creating  a  constant  preamp  output  amplitude. 

The  DC  blocking  capacitors  C^  and  C2  are  required  to  remove 
from  the  signal  path  the  DC  bias  voltage,  OV  to  O.BV,  of  the  ALBO 
diodes.  These  capacitors  also  create  a  frequency  dependency  by 
adding  a  pole/zero  pair  in  the  attenuation  characteristics  of  each 
ALBO  diode  stage.  Figure  10  illustrates  the  gain  vs.  frequency 
response  of  the  first,  AL^p  stage  assu,ming  jthat  Rf^R;  and 
Zo^'iRy  As  Zq.,  changes  depending  on  input  sigrial  amplitude,  uz 
also  changes.  At  Z^., = RqMAX,  012= up,  and  the  stage  gain  equals 
unity  with  flat  frequency  response.  At  Zq^  ^  RdMIN,  there  Is 
maximum  separation  between  tujand  cupand  a  maximum  attenua- 
tion equal  to  approximately  Zp^R.;.  Combining  the  effects  of  two 
ALBO  stages  allows  ttie  programming  of  two  variable-duration 
jMles  and  a  gain  ranging  from  unity  to  (Zd^d2V(RiR2)- 
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FIGIMB  9;  ^^  atHtnuatlngJhe  input  signal  tftrough  . 
impedance  dividera,  the  ALBO  nf^twork  simulate^  tfie 
attenuation  and  ^fwfimiey  ^iafa^eristlcs  of  maximum  line 
length. 


UaO  GAIN  (dB) 


FREQUENCY 


FIGURE  10:  The  ALBO  impedance  creates  frequency 
^pendent  attenuation. 


DESIGNING  THE  LC  TANK  OSCILLATOR 

The  oscillator  on-board  the  LIU-01  is  based  on  a  pulsed  LC 
resonant  tank  and  produces  a  continuous  "square-wave"  clock 
output  even  in  the  absence  of  an  incoming  data  signal.  Connected 
as  shown  in  Figure  11,  the  oscillator  input,  Pin  4,  oscillates  sinu- 
soldally  about  the  4V  oscillator  bias,  Pin  5.  The  nominal  oscillation 
frequency,  f  g.  Is  given  by  the  formula: 


Equations  'o^-'-a/tV  

2it  Y  '-'^     4R  C 

which  takes  Into  account  the  effect  of  the  damping  resistor,  R.  The 
(terrnping  resistor  is  iiaail  td  reduce  the-Q  of  the  LC  tanicwhere: 


Equat)or(4.  Q=R 


FIGURE  11:  A  simple  LRC  resonant  tank  oscillator  is  used 
by  the  LIU-01  to  recover  the  encoded  clock  from  an 
incoming  data  signal. 

As  fhe  Q^f  the  tank  is  reduced,  the  oscillation  frequency  be- 
comes more  easily  pulled  away  from  f^  by  the  synchronizing 
pulses  of  the  Clock  threshold  comparators.  A  low  Q,  2  to  10,  is 
desirable  for  the  receiver's  oscillator  because  often  the  incom- 
ing data  bit  stream  is  timed  at  a  clock  rate  slightly  different  from 
fg.  The  bit  stream  may  also  contain  timing  jitter  where  each  data 
bit  or  packet  of  bits  arrives  with  a  slightly  different  clock  timing. 
To  erisure  thsa  no  diitablts  are  missed  under  these  conditions, 
the  LIU-01  's  oscillator  must  be  flexible  enough  to  track  tf»  dock 
frequency  carried  within  the  incoming  bit  stream.  However,  if  the 
LIU-aVs  ctock  output  is  lobe  used  to  retransmit  tharecoveted 
data,  a  higher  Q,  1 0  to  30,  is  recommended  as  It  gresdiy  reduce^ 
transmitted  jitter  while  stiltfamainingtleajitteato^ 
input  signal  jitter.  U_,  ' 

The  damping  resistor  also  determines  the  amplitude  of  the  LC 
tank's  oscillation.  Assuming  R  is  the  only  dissipativeelement  in  the 
tank,  its  value  can  be  calculated  as  a'filffmiOTi||lie  pgilt^tiH9^ 


oscillation  amplitude  on  Pin  4: 


Equation  5      R  = 


itV„. 


4(72QiiA) 

where  720/uA  equals  the  tecillator  bias  cuoent,  Iqsc-  To  avoid 
driving  the  tank  oscillation  onto  the  oscillator  clamping  diode 
contained  within  LIU-01,  Vp.p  should  be  set  less  than  1.2Vp.p. 
Letting  R  =  1.1  kfi  sets  an  optimum  oscillation  level  of  1  Vp.p  for  the 
LIU-01. 

The  values  for  L  and  C  can  be  calculated  by  choosing  the  desired 
Q  and  fo  and  then  substituting  Equation  4  into  Equation  3.  The 
generalized  formulas  for  L  and  C  become: 


Equation  6 


Equation  7  L 


Note  that  to  maintain  a  sustaned  oscillation  d-Uring  thegba^ce  pf 
an  i  ncomlng  data  bit  stream,  the  Q  of  the  LC  tank  must  be'greater 
than  1. 
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FIGURE  12:  r/)s  LC  fanlr  /s  synchronized  to  f/ie  /MeHpnQ 
■  rfafa  w/je/T  the  clock  detector  injection  current,  /u^jj,  la 
,  centered  inside  the  osclilator's  bias  cu/titMpu^a. 


When  an  incoming  data  bit  stream  is  of  sufficient  amplitude  to 
cross  the  Clock  detectors'  thresholds,  a  pulse  of  current  is  injected 
into  the  tank  to  synchronize  the  oscillator  frequency  to  that  of  the 
incoming  encoded  clock.  When  synchronization  is  achieved,  the 
various  voltage  and  current  waveforms  are  aligned  as  shown  in 
Figure  12. 

For  maximum  noise  and  jitter  immunity,  the  clock  edge  which 
latches  data  into  the  D-type  output  latches  should  appear  cen- 
tered in  the  period  where  valid  data  is  present.  This  active  clock 
edge,  generated  by  the  negative-going  "zero  crossing"  of  the 
oscillation  voltage  on  Pin  4,  which  leads  by  90°  in  phase  the  center 
of  the  synchronized  data  bit.  To  accommodate  this  phenomena,  a 
capacitor  Is  used  on  Pin  6  to  delay  the  clock  edge  as  It  passes  to 
the  D-latches.  For  the  LI|,HI1<  *i9Malue^  ttri$,(K4aMjlg)Msc«l^ 
lated  as: 


Equation  8 


1 


SRnfn 


16ns 

Rn 


taking  into  account  the  value  of  the  jqternal  deslay  .fesistpr,,  Rj^f 
1kn  nominal,  and  a  small  propeffl«^o{i,<l^t^.s^M<;ifd^  wttl|j|||B 
Jc«icgates,ip§id?the  UU-01.  ,  n6,-^-,is.:,^,w!  £3Vv  \a» 
-  ,  -■' -I;'     -1  ■■■■  '  ■ '    ■■        Mi-uv  is  ^•■''loteiB  v-'f^3»p 
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a  1 .544MHz  clock  with  a  Q  of  about  2.4  for  excellent  jitter  toler- 
ance. Tfie  line  input  network,  including  the  preamplifier  feed- 
back loop  and  ALBO  diodes,  is  designed  to  compensate  for  the 
losses  and  distortion  of  the  #22AWG  unshielded  twisted-pair 
wire  transmission  line  whose  characteristics  of  loss  vs.  fre- 
quency vs.  length  are  shown  in  Figure  14.  The  goal  of  the  re- 
ceiver's equalization  network  is  to  allow  the  recovery  of 
1.544Mb/s  T1  format  with  an  input  level  that  varies  from  OdB 
{6Vp.p)  to  -38dB  (75mVp  p)  measured  at  a  frequency  1/2  the 
data  rate,  772kHz.  At  0  ft.  of  transmission  line,  the  receiver's  in- 
coming signal  is  at  OdB  level  with  no  frequency  distortion.  By 
3000  feet,  the  signal  is  at  -1 2dB  level  and  falling  at  -6dB/oc- 
tave,  single-pole  roll-off,  between  770kHz  and  1 .544MHz.  At 
6000  feet  of  transmission  line,  the  signal  falls  to  -24dB  with  a 
-12dB/octave,  double-pole  frequency  roll-off. 

Data  rate  and  transmission  line  characteristics  play  an  impor- 
tant role  in  determining  the  maximum  line  length  from  which  the 
LIU-01  can  recover  data.  From  Figure  14  it  can  be  seen  that 
#22AWG  twisted-pair  wire  exhibits  much  less  loss  and  fre- 
quency distortion  at  lower  frequencies.  Thus,  the  LIU-01  can 
recover  data  from  much  longer  transmission  lines  if  a  lower  data 
rate  is  used.  Similarly,  using  a  transmission  line  with  less  loss 
and  frequency  distortion  will  allow  the  LIU-01  to  recovef  higher; 
speed  data  over  longer  line  lengths. 
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FIGURE  14:  Both  Una  attenuation  and  frequency  distortion 
become  worse  as  line  lengthlncrensBS.  '  " 

In  the  receiver's  equalizattoh  network,  Ry  and  C7  form  one  zero 
while  Rg,  R.,  g  and  Cg  create  a  second  zero  In  addition  to  signal 
gain.  At  long  transmission  line  length,  this  provides  a  double- 
zero  rise  plus  gain  to  equalize  the  line's  double-pole  roll-off  and 
attenuation.  At  short  line  length,  the  two  ALBO  diodes  will  be 
driven  ON  by  the  increased  Input  signal  arripiitude  and  will  cre- 
ate two  poles  in  the  equalization  ttetwoik  as-well  as  attenuation. 
At  0  ft.,  the  two  ALBO  poles  cancel  the  two  network  zeros, 
matching  the  line's  flat  frequency  response  and  reducing  the 
overall  network  gain  to  -12dB  to  accomodate  the  peak  thresh- 
old comparators.  The  oscilloscope  photos  in  Figure  15a  and  b 
show  both  OdB  and-36dB  incoming  signal  levels  emd  the  timing 
of  the  LIU-01  digital  outputs. 


clocks  in  data  on  the  negative  edge  of  the  received  clock.  To 
complete  the  line  interface,  a  simple  transmitter  consisting  of 
C,,  Oj,  and  their  Schottky  diode  damps  i^rlven  throttgh  FL, 
and  R^  ^  directly  from  the  TPOS  and  T>IE@««||Mit8'afttWd{giW 
transceiver,  as  shown  in  Figure  13. 
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FIGURE  15:  The  LIU-01  receives  the  signal,  as  shown  in 
(a),  ranging  in  amplitude  from  OdB  to  -36dB  and  produces 
TTUCUOS  com(>atible  digital  outputs  (b). 


When  designing  a  system  with  the  LIU-01  receiver,  every  precau- 
tion should  be  taken  to  minimize  the  exposure  of  the  sensitive  ana- 
log circuit  inputs  to  high  frequency  noise.  Both  the  ground  plane  and 
the  signal  traces  should  be  placed  on  the  component  side  of  the  printed 
circuit  board  with  the  ground  trace  used  to  isolate  the  anatog  inputs 
from  the  digital  outputs.  Alldigital  circuitry  should  be  placed  well  away 
from  the  analog  inputs. 

Ideally  though,  the  LIU-01  's  digital  outputs  should  be  connected 
directly  to  the  receiving  digital  system  by  the  shortest  possible 
path  to  avoid  the  additional  stray  loading  and  noise  radiation  of 
long  digital  traces.  If  more  than  two  digital  inputs  are  to  be  driven 
by  any  of  the  LIU-01  's  outputs,  or  if  the  output  traces  are  over  3 
inches  long,  it  is  recommended  that  a  CMOS  74HCT08  placed 
adjacent  to  the  LIU-01  be  used  to  buffer  its  outputs. 

The  oscilloscope  photos  in  Figure  1 6  show  the  LIU-01  's  pream- 
plifier output,  pin  #1 ,  as  it  receives  data  patterns  of  a)  1  -of-9  and 
b)  QRSS  at  the  end  of  6000  ft.  of  transmission  line.  The  nearly 
ideal  equalization  can  be  seen  as  the  distinct  half-sinusoidal 
pulses  are  recreated  with  no  appreciable  overshoot  or  under- 
shoot resulting  in  the  "wide-open"  eye-pattern  with  better  than 
lOdB  interference  margin,  or  signal-to-noise  ratio,  capability. 
With  careful  circuit  layout,  digital  clock  noise  has  been  held  to 
only  about  50mV  high  frequency  spikes.  This  same  circuit  can 
receive  data  without  error  from  0  ft.  up  to  9000  ft.  of  #22AWG 
transmission  line. 
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FIGU  RE  1 6:  TheLIU-01's  preamplifier  output,  pin  #},  should  produce  half-sinusoidal  pulses  of  recovered  data  signal  when  properly 
equalized  for  the  transmission  line.  The  dmAef  l^si^.  W t^mMtm mapi»^ its  Hbom  here  recmring  at  6000  ft  a  I'Of-Q 

pattern,  a,  and  a  QflSS  pattern,  b.  ' 


In  some  applications,  such  as  passive  transmission  line  moni- 
toring, the  receiver  must  not  terminate  the  line,  but  instead 
appears  as  a  very  high  impedence  load.  To  accomodate  this 
need  and  still  provide  a  low  source  impedence  to  the  LIU-01 ,  a 
buffer  amplifier  can  be  used  as  shown  in  Figure  17.  The  JFET 
input  of  BUF-03  presents  a  very  high  impedence  to  the  trans- 
mission line  while  driving  the  equalization  network  with  less  than 
1  on  output  impedence  at  1 .544MHz.  This  buffering  technique 
works  well  when  analog  supply  voltages  of  at  least  ±8  volts  are 
available  to  power  the  buffer.  Figure  18  shows  another  tech- 
nique for  buffering  the  LIU-01  from  the  transmission  line  using 
only  a  single  +5  volt  supply.  The  emitter-follower  transistor,  Q 1 , 
appears  to  the  line  to  be  about  a  SOkQ  impedence  at  1 .544MHz. 


With  a  nominal  collector  current  of  4mA  set  by  the  500Q  emitter 
resistor,  Q1  drives  the  LIU-01 's  network  with  about  8n  output 
ipnpedpnce,,  The  AC  coupling  capacitor,  C^.,  is  required  to  re- 
■■movvflieDOMevel  shift  of  Q1's  base-emitter  voltage  dnip.  I 

In  Figure  19,  the  LIU-01  is  used  as  an  in-line  monitor  allowing 
data  and  clock  to  be  read  from  the  transmission  line  while  simul- 
taneously retransmitting  a  regenerated  OdB  T1  signal.  The  data 
outputs  RPOS  and  RNEG  are  logically  recombined  with  RCLK 
by  the  74HC00  which  also  acts  directly  as  output  line  driver.  The 
Schottky  diode,  Di ,  along  with  and  Ci  stretch  the  duty  cycle  of 
RCLK  from  «niMMai4^to  50%  as  required  forXt  tmnsm^ 
sion. 
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FIGURE 17:  The  OP-42  provides  high  impedance  input  to  the 
equalization  network  without  raising  the  source  Impedance  to 
the  UU-OI  preamplifier. 
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FIGURE  18:  Emitter-follower  O,  ads  as  bufter  between  the 
equalaatton  network  and  the  transmis^on  line  while  operating 
ftofli  only  a  *SVsi^}ply. 
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FIGURE  19:  The UU-01  actsanin-linemonitor/repeater using 74HC00asanoutputdriver.Di,Ri,andCiStretchthedutycycleofRCLK 
to  50%.  The  value  of  Ri  depends  on  the  operating  data  rate. 
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Repeaters 


RPI-82/RPT-83 


FEATURES 

•  Automatic  ALBO  Function 

•  Clock-Shutdown  Circuit  (RPT-8^  ' 

•  Low-Poww  OparaUon  (lOOmW) 

•  Pint 


drive  if  the  Incoming  signal  is  below  the  level  where  accurate 
reconstruction  is  possible.  This  prevents  noise  or  cross-talk 
-frprn  appearing  as  a  valid  signal  that  would  be  retransmitted.' 


PIN  CONNECTIONS  *  ORDERING  INFORHWIISN 


GENERAL  DESCflMKiA 

.the  .ReJn82/83  are.  Integrated.  circuits.that  perfonn  thaactiwe 
functions  requind  fer  rageneMtlve  PCM  re^ieaters.  They  can 
^arete  from  less  than  ipOkHz  to  greater  than  3MHz.  In  PCM 
systems.  Information  Is  transmitted  by  the  presence  or  absence 
Of  bipeiar  pulses  in  specified  tiitie  ddts.  The  RPT-82/83  repeat- 
ers automatically  adjust  gain  to  optimlw  signal  leveisrdeter- 
klne  lf.a  pulse  Is  pnuentorjiot,.  and-retr8nsmit4be  recon-: 
structed  pulses. 

The  difference  between  the  RPT-82  and  the  Rf?T-83  is  that  the 
llPT-83  contains  a  ^Ipek-aliifldown  diculL  This  shuMown 
drcult  aeni»)telBB8i!tfiM«lBi«rtJi)!rt..^ 


"<IPT-«I; 


T  2  0*0*.-  .V«.«  -  jagV ,  V  -  ^ 


IE 

ANALOG  GNO  [T 

DIGITAL  GND  [7 

DRIVER  [T 
OLflPUT  ' — I 


^  Vcci 
14]  LC  TANK 
OSCILLATOR 
iJ  CONTROL 

lil  1  niASE 

— '  1  SHIFT 
jT]  J  CAP 

lo]  VCC2 

"71  DRIVER 
' —  OUTPUT 


16-PIN 
HERMETIC  OIP~ 
(O-Suffix) 

16-PIN  SO 
(S-Suffix) 


•  n1  i<|llf  I 


HERMETIC  DIP 

RPT82FQ 
RPT83FQ 


SO 

RPT82FS 
RPT83FS 


•Afi-  Oy  -I^CJ 


Pin10toPin7or6  

.  ±1 6.0V,  -0.2V          PACKAGE  TYPE 

[Note  1 ) 

UNITS 

Pin  15  to  Pin  7  or  6  .... 

  8.0V,  -0.2V 

e 

|A 

0 

|C 

Maximum  Voltage  at  Pins  8  or  9 

anV  -0  9V           16  Pin  Hermetic  DIP  (Q) 

100 

16 

•c/w 

Maximum  Voltage  at  Pins  2,  3,  4,  5, 1 1,  12, 14 

w                16-Pin  SO  (S) 

  "cca   

111 

35 

°c/w 

Ooeratina  Temoeratura  Ranoa :  

  300mA  NOTES: 

— 40"C  lb  +85'C         ^ '  ®iA '®  specified  for  worst  case 

mounting  conditions,  i 

«-eiA 

is  specified  for 

Storage  Temperature  Range  [Z. 
Lead  Solding  Temperature  

i-iHnv ^                4r^Aar%             Oevice  Ih  socKet  foT  CorOIP  package;  6..  IS  Specified  for  oevtce  soldered  to 
i:-...:.™.X......-Je5«CtO-f150»C             printed  dreuitboaixJ  lor  SO  package.  "* 

 aoo'C                               ..                   ...  .— 

..."  "'• 

ELECTRICAL  CHARACTERISTICS  at  Vg^,,  =  4.4V,       -  6.8V,  -^O'C S T^ S  +85''C,  unless  othenwise  noted. 
V      -V      =V  odND 

"PIN6  "pin?     'PIN13^"'^-  l«Mm 

PARAMETEii'»8'£H           "jwrKP  jg^niBOL  I 

: ; '•eoNomoNs 

RPT-82/RPT-83 
MIN        TYP  MAX 

UNI1$ 

SUPPLY  • 

Supply  Current 

'cci 

,  Tj.+25°C(Note1) 

5.0 

8.5 

9.5 

mA 

Supply  Current  I'iii'Si 

T.  =-i-25°C(Note1)                 ^  , 

.1.0 

mA 

Total  Supply  Current 

'o^fl  *  'CC2 

T^.-t-aS-C  (Note1) 

6 

11 

13 

mA 

PREAHPURER 

Preamplifier  Open-Loop  Galrt^^^^ 

Measure  AVpj^  2  necessary  le-^flng©  > 

pins  from  1 .9V  to  3.2V              3.j--jr^-.ib  (gva) 

44' 

Si 

dB 

Preamplifier  Bandwidtfi 

Bw 

3dB  Points  (Note  2) 

3 

5 

MHz 

Preamplifier  Input  Impedance 

600  . 

Preamplifier  Input  Offset  Voltage 

Vos 

Vp,N2-Vp,N3(N0te1) 

1 

15 

mV 

Preamplifier  Output  Impedance 

^OUT 

(Note  2) 

80 

150 

Q 

Preamplifier  Output  High 

^OHA 

VpiM  ,  With  Vp„  ,  .  2.5V.  Vp,^  3  .  2.7V.  T^  =  .►25-C 

3.35 

3.45 

3.75 

V 

Preamplifier  Output  Low 

VOLA 

VpiN  4  "'"h  Vp,^  ,  =  2.5V.  Vp,„  3  =  2.3V,  T^  =  -25-C 

1.0 

1.4 

1.45 

V 

Preamplier  Input  Bias  Current 

'b 

IpiNS^'piNsfNote-l) 

1 

4 

(lA 

Preamplifier  Input  Offset  Current 

'os 

'PIN2-'PIN3(N<"«1) 

0.05 

2 

(lA 

OUTPUT  DRIVE 

Output  Voltage  Swing 

V             -V             V  -V 
"PINSHigh       PlNaUw"  ''pin  9  High  *PIN9Low 

6 

V 

Output  Voltage,  Low 

Vol  . 

Ta-*25-C.  Iload'-'S"^ 

0.5 

0.8 

1.1 

V 

DiflerenljalOutixjt  Voltage,  Low 

"old 

Ta=*25»C'load  =  1S'^  . 

0.02 

0.15 

V 

Output  Leakage  Current 

'oh 

Vp„  „  =  4.9V,  Vp,„  3  =  Vp„  ,  =  20V,  (Note  1 ) 
Ta  =  -^Z5-C 

O.OS 

SO 

■  ,1  •** 

Output  Pulse  Rise-Time 

Tos 

(Note  2) 

30 

so 

ns 

Output  Pulse  Fall-Time 

ToF 

(Note  2) 

10 

60 

ns 

Output  Pulse  Widtti 

Pw 

Atf=1.S44MHz 

324 

ns 

Puise-Vifidtti  Differential 

^WD 

(Note  2) 

3 

12 

ns 

Bipolar  Violations  at  Maximum  Density 

By,,MAX 

0 

Bipolar  Violations  witfi  Quasi-Random 
Input  Pattern 

BV„MAX 

0 

CLOCK  CIRCUIT 

Tank  Emitter-Follower  Base  Current 

•tb 

lpiN,4.VP,N,4-''-9V(Note1) 

4 

15 

|iA 

Tank  Input  Impedance 

2|NT 

Measured  from  [)in  1 4  to  pin  1 5 

300 

kQ 

Oscillator  Bias  Current 

'o«c 

Vp,N,4  =  33V(losc-lTB)<Notel) 

10 

30 

50 

^A 

Oscillator  Injection  Current 

'iNil 

S«'Vp,N4-Vp,„5±1-4V,Vp,„„  =  3.9V 
''lNj"'oSc' 

60 

160 

190 

|iA 

Delay  Circuit  Resistor 

Measured  from  pin  1 1  or  pin  1 2  to  pin  1 5, 
T.=+2S»C 

_  ^           i.  a — 1  :  k 

3.2 

1 

4.8 

ko 
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PARAMETER 

S"ll^dtdOL 

-  - 

CONDITIONS 

MIN        TVP  MAX 

Miscellaneous 

Differential  voltage,  measured  between  pins  4 
and  5,  required  to  activate  tfie  Peak  Detector. 
Ta  =  -25°C  , 

ALBO  Threshold  j 

 i  1  

i.35 

1jB5 

V 

plock  Threshold 

^^t,  i 

r— t  1 

Differential  voltage,  (masured  between  pins  4  > 
andiSj  rinuliMH  adIvUB  the  Data  ^te^ 

0.85 

1.0 

1.2 

V 

t  ]  '  

Differential  voltage,  measured  between  pins 
4  and  5,  required  to  activate  the  Data  Detector 

■ajBS 

0.7S 

'  QJBB 

V 

Clock  Threshold  as  %  of  ALBO  Voltage 

67 

73 

% 

uaia  1  nresrKJia  as  %iUAunJ|Vfflm 

1  4« 

■  "84 

■    ,  -58 

% 

ALBO  ON  Voltage       j       |  , J 

 — 1  7  "-i- 

Measured  at  pin  16, 

[Vp4  -  Vpg]  =  ALBO  Threshold 

■   •  -4' .7 

2.5 

ai  Rn  HFP  Uftltano                    ■  ^* 

w 

Measured  at  pin  1 6  and  pin  1 

- 

75 

mV 

Minimum  ALBO  Diode  Rdsistafice 

MIN 

8 

Q 

Maximum  ALBO  Dioda  iB^^wwise 

RgkMX 

f. 1.544MHz 

ALBO  Gain  Ranss  I 

*m 

0JIOtB3)_   \ 

■  m 

dB 

SOTES:                         {  S^^Sb 
1-  Vp,^-25V:adlUMV^,„,lwlWKS«- 

2.  Sample  tested. 

1 

 _        -  9.  Suuwiuwd'lirtlintgn: 

FUNCTIONM.  ei^liRMPIION 

Bipolar-pulse  transmission,  the  transmission  of  alternately 
positive  and  negative  pulses.  Is  used  on  repeater  lines  to  re- 
move the  DC  c»niponent  present  in  unipolar  PCM  pulsetrairis. 
Jim  also;  places  the  principal  energy  components  in  the 
(M  ,544MM£  toand,  as  opposed  to  tbei  &?3.(^SMHz  kmiJw 


unipolar  pulse  trains.  The  absence  of  a  DC  component  in  bipolar 
pulse  trains  permits  the  repeater  to  be  transformer-coupled  to 
the  repeater  line  and  helps  prevent  time-shlfting  of  the  regejiiS 
eredoE  firing  levels  with- variations  in  input  pulse  density  (sei^ 
Figur6il)>. ...  ^-.i        v-^  •       -     v.'.,  .  '-.i)1o«ti:>:  j.'iv. 

: -..  •  .Of>e.'-,.i.eTlS*,ifi(ai« 

M  •  ^  ; — -,  - 1-       —  ■  •  ^fif  <:■'  '^vfjiiiWn'"  fi  ^^i 
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FUNCTIONAL  BLOCK  DIAGRAM 
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The  bipolar-PCM  pulse  train  is  transforrner'coupled  into  ttie 
preampiifier  as  shown  in  the  functional  blocl(  diagram  (Figure 
2).  The  secondary  of  the  input  transformer  is  loaded  with  the 
proper  terminating  Resistor,  Rj,  to  match  the  line  Impedance. 
One  side  of  the  transformer  secondary  is  AC-coupled  to  ground 
by  capacitor  CI;  the  other  side  of  the  secondary  winding  is  in 
series  with  resistance  Rg.  Resistor  Rs  and  ttie  RC  network  RaCa 
are  AC-coupled  to  the  ALBO  input  by  capacitor  C2.  The  impe- 
dance of  the  ALBO  (Automatic  Line  Buiid-Out)  input  to  ground 
is  governed  by  theamount  of  current  through  the  ALBO  diode. 
Rs,  in  series  with  RaCa,  provides  signal  attenuation  propor- 
tional to  the  current  flowing  through  the  ALBO  diode.  When 
minimum  current  flows  through  the  ALBO  diode,  C2  is  effec- 
tively isolated  from  ground  and  the  input  signal  attentuation  is 
minimal.  The  ALBO  diode  range  of  sn  to  30kn  provides  com- 
pensation for  line  losses  of  approximately  5dB  to  41dB. 

The  preamplifier  stage  amplifies  the  input  signal  and  applies  it 
to  the  three  comparators  labeled  data  detector,  clock  detector, 
and  peak  detector,  respectively.  Each  comparator  provides  an 
output  whenever  the  signal  exceeds  the  trip  point  on  both 
positive  and  negative  pulses.  Each  comparator  trips  at  a  differ- 
ent threshold.  The  data  detector  is  set  to  trip  at  the  54%  point; 
the  clock  detector  trips  at  the  73%  point;  and  the  peak  detector 
trips  at  peak  amplitude.  Thresholds  and  waveforms  are  shown 
in  Figure  3. 

Current  pulses  from  the  peak  detector  are  integrated  by  the 
capacitor  in  the  ALBQ  filter.  This  causes  a  .relaiiv({;iy  constant 


current  to  flow  through  the  emitter  follower  and  D1.  In  the 
RPT*63,  a  low  voltage  at  the  ALBO  filter  enables  the  dock- 
shutdown  circuit  when  there  Is  no  input  signal.  The  clock- 
shutdown  circuit  turns  off  the  clock  amplifier  so  that  neltherthe 
regenerated  clock,  nor  the  strobe  outputs,  are  sent  to  the  flip- 
flops.  This  prevents  the  RPT-83  from  sending  noise  or  cross- 
,  t£tlk.outasyalid-ap4iearii}9.0at^pi^lsef,v^g^jpc 
level  is  too  low  —  - — ■  

The  clfgHgk.  jdetector  output  locks  the  oscillator  to  the  Input 
f requeifjjy.  The  following  amplifier  stages  shape  the  oscillator ' 
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The  combination  of  Rs  and  Ra,  in  parallel  with  both  and  the 
series  impedance  ot  the  ALBO  diode,  perform  the  following  two 
functions:  1)  the  automatic-gain-control  function  previously 
described,  and  2)  the  frequency/phase  compensation  for  trans- 
mission-line losses.  i 

FREQUENCY/PHASE  COMPENSAfTION  ' 

Frequency/phase  compensiion  is  desirable  for  three 

1.  If  the  bandwidth  is  wider  than  necessary,  noise  and  cross- 
talk outside  of  the  signal-frequency  band  will  appear  at  the 

jf .   threshold  detectors.  Out-of-band  signals  increase  the  prob- 
f*'     ability  that  an  incorrect  logic  decision  will  be  made.  These 
incorrect  logic  decisions  will  increase  the  bit  error  rate. 

2.  Nonlinear  phase-shifts  in  the  transmission  line  may  cause 
the  signal  to  be  distorted  to  the  extent  that  bit  errors  occur. 
Phase  compensation  in  the  repeater  can  partly  correct  for 
th(s  problem.  | 

3.  Large  phase-shifts  in  the  preamplifier  at  h^h  frequencies 
can  cause  instability  if  not  compensated  for  by  th«  feed* 
back  network.  (See  Figui^es  4  and  5). 

CLOCK  DETECTOR 

The  clock  detector  drives  the  clock-tank  circuit  with  a  pulse 
each  time  that  the  incoming  signal  is  greater  than  73%  of  the 
average  peak  signal. 

PEAK  DETECTOR  <f 

The  peak  detector  drives  the  ALBO  buffer  and  ALBO  diipde  at 
the  peak  of  the  amplified  "1"  bits.  Whenever  the  prmn^  AC' 
signal-output  exceeds  about  1.SV  peak-to>-peak,  Wte  ALBO 
buffer  becomes  forward  biased  and  drives  current  Intobgih  the 
ALBO  diode  and  the  ALBO  filter.  This  closed-loop  fH^meOoei 
,  -mainMns  ttie  pneawnp  inmfi  signal  at  about  5mVp-p. 


IDlitput  and  shift  it  in  time.  The  phase-shift  capacitor  is  selected 
to  provide  additional  phase-shift  so  that  the  strobe  pulses  will 
occur  at  the  center  of  the  incoming  pulses.  This  provides 
optimum  timing  for  determining  if  a  "1"  or  a  "0"  is  present.  A 
0-to-30pF  capacitor  (lOpF  is  typical  at  1.544MHz)  will  optimize 
the  performance  of  the  complete  repeater 

The  delayed  regenerated  clock  and  the  data-detector  outputs 
drive  the  input  flip-flops  and  output  transistors.  The  output 
transistors  are  coupled  to  the  transmission  llne#irO()|h^i' 
output  transformer  j 

DETAILED  DESCRIPTION:  T 
PREAMPLIFIER       ,  '-""T 

The  preamplifier  performs  two  basic  functions.  The  first  is  to 
raise  the  level  of  the  incoming  signal  to  the  correct  level  to  trip 
the  oompar^tot^s.- The  second  is- to  provide  frequehcy^in 
comperiikioh  to  enhance  the  Signal-to-noise  rsftio  of  the 
incoming  signal.  The  preamp  is  designed  to  be  {operated  in  a 
near  open-loop  condition.  A  limited  arriount  of  feeldback  is  used 
to  control  the  frequency  response.  The)  gain-phase  relationship 
of  the  preamp  (see  Figures  4  and  5)  irhpHes  that  the  feedback 
^letwo^  must  have  4CfdB  aaenutdhHiiorrnbrfe  at  20MHz  and 
above  toet^w  sMlfly.  I  " 

ALBO 

To  enable  the  preamp  to  operate  open-loop  with  a  wide  range  of 
signal  levels,  the  ALBO  diode  is  connected  between  the 
preamp  input  and  ground.  Since  the  ALBO-diode  conductance 
is  directly  proportional  to  the  ALBO-diode  current,  and  the 
ALBO  diode  is  driven  by  the  peak  detector,  any  signal  in  excess 
of  that  required  to  trip  the  peak  detector  will  be  shunted  to 
ground  through  the  ALBO  diode.  This  automatic-gain-control 
function  maintains  the  signal  irt  Nw-Cipttmum  level  te  < 
the  clock  and  data  detectors. 
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Figure  • 


APPLICATION 

In  a  typical  T1,  1.544MHz  repeater  system  (see  Figure  6),  the 
repeater  is  placed  in  series  with  a  twisted-pair  transmission  line 
at  distances  of  up  to  approximately  6000  feet.  The  power  is 
supplied  by  a  constant  current  of  60mA  that  is  sent  common- 
mode  down  the  transmission  line.  This  constant  current  is 
separated  from  the  signal  by  input  transformer  T1  and  output 
transformer  T2,  and  is  converted  to  voltages  Vcci  and  Vcc2  by 
zener  diodes  Zoi  and  Zo2-  The  signal  Is  coupled  into  the  input 
network  by  T1.  One  end  of  T1  is  held  at  AC  ground  by  C2;  and 
the  other  end  is  terminated  by  the  line-matching  resistor  R1. 
The  line-matching  resistor  is  followed  with  a  resistive  attenuator 
consisting  of  R2  and  R3,  and  the  ALBO  series  impedance  R4. 
The  two  resistors,  R2and  R3,  isolate  the  changing  ALBO-diode 
impedance  from  the  transmission  line  such  that  the  transmission 
line  is  always  correctly  terminated.  Resistor  R4,  in  series  with 
the  shunt  ALBO-diode  impedance,  determines  the  amount  of 
attenuation  provided  at  any  given  ALBO-diode  current. 
Capacitor  C1  provides  a  shunt  path  to  ground  for  signals  that 
SraabeoeetljejignslfiBSiuens*   -   


When  the  ALBO-diode  Impedance  is  high,  the  ALBO  series  and 
shunt  impedances  have! very  little  effect,  so  the  unattenuated 
signal  isapplied  to  the  preamp  input  with  only  C1  affecting  the 
frequency  response.  When  the  ALBO-diode  input  impedance  is 
reduced  by  higher  signal  levels,  more  of  the  input  signal  is 
shunted  to  ground  through  the  ALBO  shunt  Impedance. 

The  ALBO  shunt  Impei^ance,  C3  and  R5,  changes  the  input 
attenuation  vs.  frequency  such  that  the  system  has  more  high 
frequency  response  at  low  signal  levels,  and  less  high  fre- 
quency response  at  high  signal  levels.  This  change  in  band- 
width with  signal  level  is  intended  to  partially  compensate  for 
the  increased  high-frequency  losses  that  occur  in  long  trans- 
mission lines. 

The  bias  feedback  components  between  pin  4  and  pin  2,  con- 
sisting of  C7,  R7,  and  C2,  operate  as  a  DC  self-biasing  networl(. 
This  C-R-C  network  prevents  AC  feedback  and  allows  the 
preamp  to  establish  a  balanced  input-and-output  DC  bias  of  2.5 
to  2.6  volts.  Resistor  R11  provides  the  DC  path  for  biasing 
l>etween  pins  5  and  3. 
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Resistor  R11  and  capacitor  C6  provide  an  AC  feedbacl<  patli. 
Resistors  R10  and  R11  act  as  an  AC  voltage  divider  tliat  is 
shunted  by  the  variabieimpedance  of  the  resonant  circuit  com- 
prised of  L2  and  C9.  This  frequency-selective  feedback  path, 
between  pin  5  and  pin  3,  Increases  preamp  gain  at  approxi- 
mately 900kHz  which  further  improves  the  system  signal-tt>- 
noise  ratio.  The  beneficial  effect  of  the  frequency-selective 
network  is  shown  in  Figure  7.  The  lowe.r  trace  is  a  typical  input 
signal  (all  1's  in  '^'^^^^^P^j^j^jH^^^^^^^^  f"^^ 

Figures  8  and  9  show  the  appearance  of  different  preamp  inputs 
measured  at  pin  5.  Figures  Is  typical  of  an  all  1's  signal  pattern 
with  very  little  cross-talk  or  noise!  Figure  9  shows  a  nocmal 
pattern  of  random  1's  and  O's. 

Due  to  the  automatic-gain-control  action  of  the  ALBO  circuitry, 
the  peak  amplitude  Is  held  constant  for  line  losses  of  approxi- 
mately 5dB  to  greater  than  36dB.  These  slgnatSafKMiAritt- 
posed  on  a  DC  level  of  approximately  2.5V. 

The  preamp  output  drives  the  clock  detector  (reference  Figures 
2  and  6)  which  drives  the  clock-tank  circuitry  (LI,  C8,  and  R12). 
The  signal  at  pin  14,  a  sine  wave  of  0.2  to  I.OVp-p  (depending 
upon  the  percentage  of  1-bits),  drives  the  clock  amplifier.  The 
phase-shift  capacitor.  Oil,  provides  the  additional  phase  shift 
so  that  this  integrated  and  phase-shifted  signal  (Figure  10)  will 
strobe  the  output  flip-flops  at  the  optimum  time  to  determine  if  a 
1-blt  Is  present.  If  a  1-bit  Is  present,  outputs  from  the  data 
detector  and  the  strobe  cause  the  flip-flops  to  drive  alternate 
output  transistors.  This  signal  Is  coupled  through  the  output 
transformer  Into  the  next  section  of  transmission  line'(8eft^Ftg» 
ure  11,  all  1's;  and  Figure  12,  a  random  1-0  pattern). 


Figure  13  is  a  scope  photograph  of  the^ignats  as  ebservediCt 
several  locations  in  the  system.  All  traci^  are  DC  OQtjpled  aiKi 
referenced  to  zero  volts  at  the  bottom  giaticute  ljne.^#gnahl, 
except  the  output,  are  displayed  at  l-volt-pW'divisfon. :?f»© 
put  is  shown  at  2-volts-per-division.  THe  signal  is  all  I's.  The 
phase  relationships  are  typical  for  this  ^pe  of  r 

The  signals  shown  are: 


The  phase-shifted  clock  at  pfti  11. 
The  output  signal  at  pin  8. 


3. 
4. 

R13, 14, 15,  and  C12  control  ringing  and  overshoot  in  the  output 

waveform. 

The  fault-iocating  winding  with  L3  and  R16  Is  used  In  long-line 
systems  to  determine  which  repeater,  In  a  large  series  of  repeat- 
ers, has  become  defective. 

The  RPT-82and  RPT-83can  be  used  In  a  variety  of  systems  over 
a  wide  range  of  frequencies.  The  low-frequency  response  is 
limited  by  the  difficulty  In  maintaining  useable  Q  in  the  ciock- 
tank  circuit  and  by  trafisformer-cpupling  losses.  At  high  fre- 
quencies, ftH>>M|0f  IMWtbn  Is  the  output-pulse  rlss-and~fall 
time. 

The  preamp  Is  a  high-gain,  wIde-bandwIdth  linear  amplifier. 
Analog  circuits  do  not  have  the  noise  rejection  that  is  common 
with  most  digital  circuits.  To  obtain  best  pertormanGei «8rts(t(i 
precautions  should  be  observed. 


Figure  7 

Figure  9 


m/..Ai 


COMMUNICATIONS  PRODUCTS  4-153 


RPT-82/RPr-83 


Circuit  layout  techniques  used  for  R.F.  amplifiers  should  be 
followed.  Use  of  double-sided  boards  with  all  unused  circuit- 
board  area  made  into  a  ground  plane  is  highly  recommended. 
Keep  input  and  output  leads  as  far  apart  as  possible,  and  signal 
runs  as  short  as  possible.  Locate  the  attenuator  network  and  the 
ALBO  series  Impedance  R4  as  close  to  pin  2  as  possible. 

Power  supply  voltages  Vcci  and  Vcc2  should  be  bypassed  near 
pins  10  and  15.  A  bypass  capacitor  between  the  Vcc2  connec- 
tion on  *%  gnd  pin  7  ilsglso  ra^itmr^ 


-  'T   "■.■31  ' 


i:.v. 
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FEATURES 

•  Automatic  ALBO  Function 

•  Low-Power  Operation  (lOOmW) 

•  Wide  Data  Rate  Range  <100kbit/s  to  >3Mbit/s 

•  Compatible  with  T1 ,  CEPT/E1 ,  and  T1 C  Systems 

•  Pin  Compatible  with  XR-T445 

ORDERING  INFORMATION  t  

PACKAGE  OPERATING 

  TEMPERATURE 

RANGE  - 


CERDIP 


SO 


RPT-85FQf 


RPT-85FStf 


XIND 


^  Burn-in  is  available  on  extended  industrial  temperature  range  part&in  CsEOtP. 
For  availability  and  bum-In  information  on  SO  packages,  contact  your  local 
r»  6 


«alesoRlce. 


GENERAL  DESCRIPTION 

The  RPT-85  is  an  integrated  circuit  that  performs  the  active 
fiinctions  required  for  reggt!f  rative  PCI\^  repeaters.  It  can  oper- 


ate from  less  than  lOOkHz  to  greater  than  3MHz.  In  PCM  sys- 
tems, information  is  transmitted  by  the  presence  or  absence  of 
bipolar  pulses  in  specified  time  slots.  The  RPT-85  repeater 
automatically  adjusts  gain  to  optimize  signal  levels,  determines 
if  a  pulse  is  present  or  not,  and  retransmits  the  reconstructed 
pulses. 

For  higher  dynamic  range  performance  and  single  supply  de? 
signs,  see  RPT-86  and  RPT-87.  

PINCQNNECTIQNSL   L_ 


1:3 


OUTPUTS  \_ 
ANALOG  GND  [T 
nOITALaiD  |T 


14]  LC  TANK 

OSCILUtTOR 
^  CONTROL 
12]  1  PHASE 
=^  }  SHIFT 
1lJ  J  CAP 

m DRIVER 
_  OUTPUT 


16-PIN 
HERMETIC  DIP 

((ii-Suffix) 

16-PIN  SO 
(S-Suffix) 
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ABlSOtUTE  iViAXIMUM  RATINGS 

Pin  1 0  to  Pin  7  or  6   .  IS.OV^^V 

Pin  15toPin7or6..  8.0V, -0.2V 

Maxiti^  Votta^sil  Pins  8  or  9  30V,  -0.2V 

Maximum  Voltage  at  Pins  2, 3, 4,3, 11, 12, 1-4 — ...  V^^^ 

Maximum  Sinl<lng  Current  at  Pin  8  or  9,  300mA 

Operating  Temperature  Range  r40°Cto+85°C 

Storag?  Temperature  Range  -GS'C  to  +150°C 

Lead  Soldering  Temperature  '.  300°C 


Junction  Temperature .... 

PACKAGE  TYPE 

e,^(Note1) 

UNfTS 

16-Pin  Hemwiic  DIP  (C9 

100 

16 

°c/w 

16-Pin  SO  (S) 

111 

35 

°c/w 

NOTE: 

1 .  By^  is  specified  for  worst  case  mounting  conditions,  i.e.,  is  specified  for 
dwioa  In  soclut  for  CerDIP  package;  8^^  is  specified  for  device  soldered  to 
printed  circuit  board  for  SO  pacl<ase. 


ELECTRICAL  CHARACTERISTICS  at  V^, 

V       =V       =V  =GND 

"nikia        "niiit-7  *oiiii<i 


=  4.4V,  Vj,(,2  -  6.8V.  -40»C  S  T^  S  -i-85"'C.  unless  otherwise  noted. 


PARAMETER 

SYMBOL 

CONIMTIONS  -J 

RPT-85 

MIN 

TYP 

MAX 

UNITS 

SUPPLr  - 

Supply  Current 

'cci 

.  +25°C  (Note  1) 

5.0 

8.5 

9.5 

mA 

Supply  Current 

T^=+2S°C(NotBl) 

1.0 

3.5 

mA 

Total  Supply  Current 

'oCI  *  !cC2 

;     =  +25"C  (Note  1) 

6 

11 

13  - 

mA 

PREAMPLIFIER 

Preamplifier  Open-Loop  Gain  .ty'^'"* 

Ao 

Measure  AVp,,^  ^  Necessary  to  Change 
PIna  From  1.9V  ID  3.2V 

44 

48 

53 

dB 

Preamplifier  Bandwidth 

8w 

;  3d6.Mcits(Note2) 

3 

5 

MHz 

Preamplifier  Input  Impedance 

Z,N 

Soo 

ka 

Preamplifier  Input  Offset  Voltage 

Vos 

VpiN2-Vp,N3(N0te1) 

1 

15 

mV 

Preamplifier  Output  Impedance 

^OUI  

(Note  2) 

30 

■      150  ' 

Preamplifier  Output  High 

^OHA 

VpiN  S-'i'h        ,  =  2.5V,  V„„  3=  2.7V,T,  .  +25-C 

3.35 

3.45 

3.75 

V 

Preamplifier  Output  Low 

^OtA 

VpiN  5      VpiN  2  -        Vp,N  ,^  2.3V.  T,  .  *2S-C 

1.0 

1.4 

1.45 

V 

Preamplifier  Input  Bias  Current 

Ib 

'piN2°''piN3<N°le1) 

1 

4 

liA 

Preamplifier  Input  Offset  Current 

los 

IpiNz-lpiNslNolel) 

0.05 

2 

OUTPUT  DRIVE         j  | 

J-  \^-r 

Ou^ut  Voltage  Swfing 

^PINSHiah'^PINS  Low'  ^PIN  9  Hiah  ~  ^PIN  «  Low 

6 

V 

Output  Voltage,  Low 

T^.*25"C.I,o;^„-15mA 

0.5 

0.8 

-it.1 

V 

Differential  Output  Voltage.  Low 

T,  =  +25-C.  Iload=15'"A 

0.02 

0.15 

V 

Output  Leakage  Current 

VpiN  ,4  =  "  W,  Vp,N  ,  =  Vp,„  ,  =  20V,  (Note  1) 
T,  =  ^25°C 

0.05 

50 

CA 

Ou4>ut  Pulse  Rise-Time 

•or 

(Note  2) 

30 

50 

ns 

Output  Pulse  FalUTune 

•of 

(Note  2) 

10 

60 

ns 

Output  Pulse  Width 

Pw 

Atf«1.544MHz 

324 

ns 

Pulse-Width  Differential 

^wo 

(Note  2) 

3 

12 

ns. 

Bipolar  Violations  at  Maximum  Density 

BV,  MAX 

V  ^7- 

0 

"  '.  _l 

Bipolar  Violations  with  Quasi-Random 
Input  Pattern                    \i  ' 

'  0 

CLOCK  CIRCUIT 

Tank  ErTii;;er-Foilower  Base  Current 

lpiNirVp,N,4-'«-9V(Note1)  :  , 

4 

IS 

|iA 

Tank  Input  Impedance 

Measured  From  Pin  14  to  Pin  15 

300 

kn 

Oscillator  Bias  Current 

'osc 

Vpini4  =  3-9V(Iosc-Vb)(No»1) 

10 

30 

50 

Osdtlator  Injection  Current 

t 

'iNJ 

SetVp,^,-Vp,N,±1.4V.Vp,„„  =  a9V 

''iNJ  'osc' 

60 

160 

190 

HA 

Delay  Ciroilt  Resl8U>r 

Measured  From  Pin  1  i  or  Pin  12  to  Pin  IS, 
T.  =  +2S°C        '  . 
—  :  TTT  —  

3.2 

4.0 

.  ..  4.8 
— -ui  J!^ 
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RPT-85 

1 

ELECTRICAL  CHARACTERISTICS  a 

^cci "       ^cc2  "              ^  '''a  ^  +85''C,  unless  otherwise  noted. 

■  1 

PARAMETER  SYMBOL 

CONDITIONS 

HIN 

RPT-8S 

TYP 

imns 

.MISCELLANEOUS                                               ■                                                                      _  ' 

ALBO  Threshold  V^^ 

Differential  voltage,  measured  between  pins  4 
and  S,  required  to  activate  the  Peak  Detector. 
Tj^«+25°C 

j 

1.3S  i 

I 

15 

V 

•                       1            ^  t  

Iciock  Threshold     '  V^^ 

[Xfferential  voltage,  measured  between  pins  4 
and  5,  required  to  activate  the  Dab  Detector. 
T^-+2S»C 

 1- 

I 

0.85 

1.0 

;-J'1.2 

V 

|Ds«a Threshold  l~. 

Differential  voltage,  measured  between  pins  4 
and  5,  required  to  activate  ttie  Data  [}stactar. 
T^-+2S°C 

-  — 

V 

Clock  Threshold  as  %  of  ALBO  Voltage  V^^^ 

T^  .  +25°C 

67 

n. 

Data  Thre5holdas%ofALBOVoltase  V^|^^ 

46 

54 

58 

% 

ALBO  ON  Voltage  V^^ 

 !  '  

Measured  at  Pin  16,  " 
P'piN«-Vp,N5l-*'-K>ThreShold  ^ 

1.0 

1.7 

2.5 

V 

ALBO  OFF  Voltage                  j  Vp^ 

Measured  at  Plnl  6  and  PInl  1 
T^.+2S°C:tN«lBl) 

7S 

mV 

Minimum  ALBO  Diode  Resistance  MM 

 '  >-  i  -■-  

■«  1 

Q 

Maximum  ALBO  Diode  ImpedanoB  R^MAX 

f.i.544MHa  —      ^     1  ►  

30   -  -4 

kn 

ALBO  Gain  Range 

(Note  3) 

36 

48  X 

dB 

NOTES: 

1 .  Vp,„  ^= 2.5V:  adjust  Vp,„  3  until  Vp,„  ,  =  Vp,^ 

1 

m- Bc,  .,M  ~        2-  SampieieslBd. 
 —     -  3,-QiMRMMd%  design. 

;  :£3RU0f! 

FUNCTIONAL  DESCRIPTION 

Bipolar-pulse  transmission,  the  transmission  of  alternately 
positive  and  negative  pulses.  Is  used  on  repeater  lines  to  re- 
move tlie  DC  component  present  In  unipolar  PCM  pulse  trains. 
This  also  places  the  principal  energy  components  In  the 
0-1 .544MHz  band,  as  opposed  to  the  0-3.088MHz  band  for 


unipolar  pulse  trains.  The  absence  of  a  DC  component  In  bipolar 
pulse  trains  permits  the  repeater  to  be  transformer-coupled  to 
the  repeater  line  and  helps  prevent  time-shifting  of  the  regen- 
erator firing  levels  with  variations  in  input  pulse  density  (see 
Figure  1).  ' 
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Ibe  bipeUv-PCMpulse  train  is  transformer-coupled  into  ttie  pre- 
amplifiar  €is  shovmm  the  functional  t>lock  diagram  (Figure  2). 
Tihsrseoondary  ofllre  input  transformer  is  loaded  with  tiie  proper 
tORninaHng  resistor,  R^i  to  matcli  the  line  impedance.  One  side 
of  the  transformer  secondary  is  AC-coupled  to  ground  by  ca- 
pacitor ;  the  other  side  of  the  secondary  winding  Is  In  series 
with  resistance  Rg.  Resistor  Rg  and  the  RC  networl<  R^^C^  are 
AC-coupled  to  the  ALBO  (Automatic  Line  Bulld-Out)  input  by  ca- 
pacitor Cj.  The  impedance  of  the  ALBO  Input  to  ground  is  gov- 
erned by  the  amount  of  current  through  the  ALBO  diode.  Rg,  In 
series  with  R^C^,  provides  signal  attenuation  proportional  to  the 
current  flowing  through  the  ALBO  diode.  When  minimum  cur- 
rent flows  through  the  ALBO  diode,  Is  effectlveiy  isolated 
from  ground  and  the  input  signal  attenuation  Is  minimal.  The 
ALBO  diode  range  of  8£J  to  30kii  provides  compensation  for  line 
losses  of  approximately  5dB  to  41  dB. 

The  preamplifier  stage  amplifies  the  Input  signal  and  applies  it  to 
the  three  comparators  labeled  data  detector,  clock  detector, 
and  peak  detector,  respectively.  Each  comparatdr  provides  an 
output  whenever  the  signal  exceeds  the  trip  point  on  both  posi- 
tive and  negative  pulses.  Each  comparator  trips  at  a  different 
threshold.  The  data  detector  is  set  to  trip  at  the  54%  point;  the 
clock  detector  trips  at  the  73%  point;  and  the  peak  detector  trips 
at  peak  amplitude.  Thresholds  and  waveforms'are  shown  in  Fig- 
ure 3. 

Current  pulses  from  the  peak  detector  arstintegrated  by  the  ca- 


rent  to  flow  through  the  emitter  follower  and  D, 

The  clock  detector  output  locks  the  oscillator  to  the  Input  fre- 
quency. The  following  amplifier  stages  shape  the  oscillator  out- 
put and  shift  it  in  time.  The  phase-shift  capacitor  Is  selected  to 
provide  additional  phase-shift  so  that  the  strobe  pulses  will 
occur  at  the  center  of  the  Incoming  pulses.  This  provides  opti- 
mum timing  for  determining  if  a  "1"  or  a  "0"  is  present.  A  0-to- 
30pF  capacitor  (10pF  is  typical  at  1.544MHz)  will  optimize  the 
perfom;^9Bps,.|^  the,sQinplete  repeater. 


CLOCK 


PREAMP 
OUTPUT 


I     IJ     I  I     1^  DATA  DETECTOR 


_n_fL 


rL 

_n_ 


OUTPUT 

CLOCK  DETECTOR 
OUTPUT 

PEAK  DETECTOR 

OUTPUT 


/FIQURE3:  Thresholds  and  Wavelorms 
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The  delayed  regenerated  clock  and  the  data-detector  outputs 
drive  the  input  flip-flops  and  output  transistors.  The  output  tran- 
sistors are  coupled  to  the  transmission  line  through  an  output 
transformer^ 

DETAILED  DESCRIPTION  »  *  . 

PREAMPLIFIER 

The  preamplifier  performs  two  basic  functions.  The  first  is  to 
raise  the  level  of  the  incoming  signal  to  the  correct  level  to  trip 
the  comparators.  The  second  is  to  provide  frequency/gain 
compensation  to  enhance  the  signal-to-noise  ratio  of  the  incom- 
ing signal.  The  preamp  is  designed  to  be  operated  in  a  near 
open-loop  condition.  A  limited  amount  of  feedback  is  used  to 
control  the  frequency  response.  The  gain-phase  relationship  of 
the  preamp  (see  Figures  4  and  5)  implies  that  the  feedback 
network  must  have  40dB  attenuation  or  more  at  20MHz  and 
above  to  ensure  t 


to 

so 

40 

1 

30 

j 

C.  10 

functions:  1 )  the  automatic-gain-control  function  previously  de- 
scribed, and  2)  the  ftyqaii^mphaM  compensation  ^  trawj 

mission  line  losses.  '       -       '  \  ^ 

FREQUENCY/PHASE  COMPENSATION 

Frequency/phase  compensatnn  Is  desirable  for  three  reasons: 

1.  Iflhebtfldiiwdhiswiderthanneoessyy.nolseandcrosstafcoutside 
of  the  signal-frequency  band  wlH  a^ear  at  ttM  threshold  deleci 
tors.  Out-of-band  signals  Ihcrea^W  prababl^  thai  an  Incor-j 
^logtedeeMon  vi^llbaiiwalauThese  In 
^Inimase  fheM  ent^tib. 


ALBO 

To  enable  the  preamp  to  operate  open-loop  with  a  wide  range  of 
signal  levels,  the  ALBO  diode  is  connected  between  the  preamp 
input  and  ground.  Since  the  ALBO-diode  conductance  is  directly 
proportional  to  the  ALBO-diode  current,  and  the  ALBO  diode  is 
driven  by  the  peak  detector,  any  signal  in  excess  of  that  required 
to  trip  the  peak  detector  will  be  shunted  to  ground  through  the 
ALBOdiode.  This  automatic-gain-control  function  maintains  the 
signal  at  the  optimum  level  to  operate  the  clock  and  data  detec- 
tors. 

The  combination  of  R.  and  R^  in  parallel  with  both  C.  ami  tbe„  c 
series  Impedance  of  tj^yitSMail^  ^rm  the  fepfigtiM^ 


iNMha^lseeach 


2.  Nonlinearphase-shiftsinthetransmissionlinemaycausethesignal 
to  be  distorted  to  the  extent  that  bit  errors  occur.  Phase  compen- 
af(^ii«t#ie  repeater  can  partly  conrect  for  this  problem.  | 

3.  Largephase-shlftslntfKl^tiaampllfierathighfi 
instability  if  not  compereated  for  by  the  f 
Figures  4  and  5). 

CLOCK  DBF^TQR;  / 

The  cloti||||k^tedor.c|riyes1he  clock-tank  circ  ^ 
time  that  trie  Incoming  signal  is  greater  than  ^%  of  #ii9  average 

peak  signal.  | 

PEAK  DETECTOR 

The  peak  detector  drives  the  ALBO  buffer  and  ALBO  diode  at 
the  peak  of  the  amplified  "1 "  bits.  Whenever  the  preamp  AC- 
sigal-output  exceeds  about  1 .5V  peak-to-peak,  the  ALBO  buffer 
becomes  forward  biased  and  drives  current  into  both  the  ALBO 
diode  and  the  ALBO  filter.  This  closed-loop  AGC 
tains  the  preamp  input  signal  at  about  5mV 


FIGURES:  Preamplifier  Phase  Response 
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OUTPUT 
TMNSFORMER 


NOTE: 

T,:  BOURNS P/N 4260-1520 
T,:  BOURNS  P/N  4285-2007 
L,:  BOURNS  P/N  42eS-1ia> 


FIGURE  6:  RPT-BSin  Typical  1.544MHz  T1  Repeater  System 


APPLICATION  : 

In  a  tyi^l  T1,  t.544MHz  repeater  system  (see  Figure  6),  the 
repeater  is  placed  in  series  with  a  twisted-pair  trarfsmisslon  line 
at  distances  of  up  to  approxirnately  6000  feet,  the  power  is 
supplied  by  a  constant  current  of  60mA  that  is  sent  common- 
mode  down  the  transmission  line-  This  constant  current  Is  sepa- 
rated from  the  signal  by  input  transformer  and  output  trans- 
former T^,  and  isconverted  to  voltages  V^.^,,  and  Vj-g^  by  zener 
diodes  ZD,  and  ZD^.  The  signal  is  coupled  into  the  input  net- 
work by  T, .  One  end  of  T,  is  held  at  AC  ground  by  0^;  and  the 
other  end  is  terminated  by  the  line-matching  resistor  .  The 
line-matching  resistor  is  followed  with  a  resistive  attenuator  con- 
sisting of  Rj  and  Rj,  and  the  ALBO  series  impedance  R^.  The 
two  resistors,  and  Rg,  isolate  the  changing  ALBO-diode  im- 
pedance from  the  transmission  line  such  that  the  transmission 
line  is  always  correctly  terminated.  Resistor  R^,  in  series  with 
the  shunt  ALBO-diode  impedance,  determines  the  amount  of  at- 
tenuation provided  at  any  given  ALBO-diode  current.  Capacitor 
C,  provides  a  shunt  path  to  ground  for  signals  that  are  above  the 
signal  trequancy. 


When  the  ALBO-diode  impedance  is  high,  the  ALBO  series  and 
shunt  impedances  have  very  little  effect,  so  the  unattenuated 
signal  is  applied  to  the  preamp  input  with  only  C,  affecting  the 
•frequency  response.  When  the  ALBO-diode  input  impedance  is 
reduced  by  higher  signal  levels,  more  of  the  input  signal  is; 
shunted  to  ground  i^rough  the  ALBO  shunt  impedance.  ' 

The  ALBO  shunt  impedance,  Cg.and  Rg,  changes  the  input  at- 
tenuation vs.  frequency  such  that  the  system  has  more  high 
frequency  response  at  low  signal  levels,  and  less  high  fre-j 
quen(^  response  at  high  signal  levels.  This  change  in  bandJ 
width  with  signal  1evells  int||ided  to^ 
increased  high-fre<iCi^neytosi»sifhaf6d^r)i¥ldK^Van^ 
lines. 

The  bias  feedback  components  between  pin  5  and  pin  2,  con- 
sisting of  C-,,  R^,  and  C^,  operate  as  a  DC  self-biasing  network. 
This  C-R-C  network  prevents  AC  feedback  and  allows  the 
preamp  to  establish  a  balanced  input-and-output  DC  bias  of  2.5 
to  2.6  volts.  Resistor  R, provides  the  DC  path  for  biasing  be- 
tween pins  4  and  3. 


Resistor  R,  ^  and  capacitor  Cg  provide  an  AC  feedbacl<  path. 
Resistors  R,^  and  R,.,  act  as  an  AC  voltage  divider  that  is 
shunted  by  the  variable  impedance  of  the  resonant  circuit  com- 
prising Lj  and  Cg.  This  frequency-selective  feedback  path,  be- 
tween pin  4  and  pin  3,  increases  preamp  gain  at  approximately 
900kHz  which  further  improves  the  system  signal-to-noise  ra- 
tio. The  beneficial  effect  of  the  frequency-selective  network  is 
shown  in  Figure  7.  The  lower  trace  is  a  typical  input  signal  (all  1  's 
in  this  example)  and  the  upper  trace  is  the  preamp  output. 

Figures  8  and  9  show  the  appearance  of  different  preamp  inputs 
measured  at  pin  4.  Figure  8  is  typical  of.anall-t's  signal  pattern 
with  very  little  crosstalk  or  noisily  ^DlM  9  shows  a  SUMUM 
tern  of  random  1  's  and  O's. 

Due  to  the  automatic-gain-control  action  of  the-ALBO  circuitry, 
the  peak  amplitude  is  held  constant  for  line  losses  of  approxi- 
mately 5dB  to  greater  than  36dB.  These  signals  are  superim- 
posed on  a  DC  level  of  approximately  2.5V. 

The  preamp  output  drives  the  clock  detector  (reference  Figures 
2  and  6)  which  drives  the  clock-tank  circuitry  (L, ,  Cg,  and  R,^). 
The  signal  at  pin  14,  a  sine  wave  of  0.2  to  l-OVp  p  (depending 
upon  the  percentage  of  1-bits),  drives  the  clock  amplifier.  The 
phase-shift  capacitor,  C^,,  provides  the  additional  phase  shift 
so  that  this  integrated  and  phase-shiftectiilgndl (Figure  10)  will 
strobe  the  output  flip-flops  at  the  optimum  time  to  determine  if  a 
1-blt  is  present.  If  a  1  -bit  is  present,  outputs  from  the  ^'^t3,d,e|t<9C- 
tor  and  the  strobe  cause  the  flip-flops  to  drive  alternati'butput 
transistors.  This  signal  is  coupled  through  the  output  trans- 
former into  the  next  section  of  transmission  line  (see  Figure  1 1 , 
all  1's;  and  Figure  12,  a  random  1-0  pattern). 

Figure  13  is  a  scope  photograph  of  the  signals  as  observed  at 
several  locations  in  the  system.  All  traces  are  DC  coupled  and 
referenced  to  zero  volts  at  the  bottom  graticule  line.  All  signals, 
except  the  output,  are  displayed  at  1  -volt-per-divlsion.  The  out- 
put is  shown  at  2-volts-per-divislon.  The  signal  is  all  1's.  The 
phase  relationships  are  typjqal  fer^  type  of  repeater. 

The  signals  shown  are: 

1 .  The  preamp  output  at  pin  4. 

2.  The  clock-tank  at  pin  1 4. 

3.  The  phase-shifted  clock  at  pin  1 1 . 

4.  The  output  signal  at  pin  8. 

R,3,  R,^,  R,gStKtli^2,<»ritrol  ringing  and  overshoot  in  the  output 
waveform. 

The  fault-locating  winding  with  Lj  and  R,g  is  used  in  long-line 
systems  to  determi  ne  which  repeater,  in  a  large  series  of  repeat- 
ers, has  become  defective. 

The  RPT-85  can  be  used  in  a  variety  of  systems  over  a  wide 
range  of  frequencies.  The  low-frequency  response  is  limited  by 
the  difficulty  in  maintaining  useable  Q  in  the  clock-tank  circuit 
and  by  transformer-coupling  losses.  At  high  frequencies,  the 
major  limitation  is  the  output-pulse  rise-and-fall  time. 


The  preamp  is  a  high-gain,  wide-bandwidth  linear  amplifier. 
Analog  circuits  do  not  have  the  noise  rejection  that  is  common 
with  most  digital  circuits.  To  obtain  best  performance,  certain 
precautions  should  be  observed. 

Circuit  layout  techniques  used  for  R.F.  amplifiers  should  be  fol- 
lowed. Use  of  double-sided  boards  with  all  unused  circuitboard 
area  made  into  a  ground  plane  is  highly  recommended.  Keep 
input  and  output  leaUs  asfar  apart  as  possible,  and  signal  runs 
as  short  as  pos^Ui^^te^e  .attenu^^jietwork  and  th@ 
ALBO  series  imp^S^^tJlWiyg  tsfi^^  po^Mi, 

Power  supply^ltagesVQQ^  aidV^^^aiiffBr&$P|pan^ 
pins  1 0  and  1 5.  A  bypass  capacitor  between  ttie  pnireP 
tion  on  T^  and  pin  7  is  also  recommended. 
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FIGURE  9 
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FEATURES 

•  Low  Power  Consumption  (S6mW) 

•  Single-Supply  Operation 

•  Wide  Data  Rate  Range  <100l(bit/s  to  >3|lll|>)Jt(||^  „  r«Mei^ 

•  Dual  ALBO  Diodes;  Dynamic  Range  >S3di 

•  Clock-Sliutdown  Circuit  (RPT-87) 

ORDERING  INFORMATION^  -.'  -,1  .:jLi.:.:^ 

grtv  PACKAGE  OPERATING 

  TEMPERATURE 

CERDIP  PLASTIC  SO  RANGE 


RPT86FQ 
RPT87FQ 


RPT86FP 
RPT87FP 


RPTBSFStt 
RPTSTFSft 


XIND 
XIND 


t    Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 

CerDIP,  plastic  DIP  packages.    ~     -  -  . 
tt  For  availability  and  burn-in  information  on  SO  pacltages,  contact  your  local 

sales  office.  ' "  ' 
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GENERAL  DESCRIPTION 

Tfie  RPT-86  aMRPT-87  arrrffonotitnic  cepeiatBr  circuits  eorr- 
taining  all  the  active  functions  required  in  regenerative  PCM 
repeaters.  These  devices  aiitomaticsiliy  adjust  gain  to  optimize 
signal  levels.^ermine  if  a|)ulse  Is  present,  and  re-transmit  the 
reeonstmcted  pulses.- The  I^F»T-8&atid  RPT^7  operate  jrttJata- 
nAes  from  under  tOOkbiVsi'to  over  SMIbit/s  and  are  compatible 


with  T1  (1 .544Mblt/s),  CEpygtj 
(3. 152l\/lblt/s)  systems.  \  n' in»' '  r  FT.i' 
A  key  feature  of  the  RPT-86/RPT-87'rep&£^m)te  the  ability  to 
ope^eioTh  a  single  supply  of  5.6V9yithfitypteiA«}uiescent  sup- 
ply current  of  only  1 0mA.  In  addition^tlitfa^see  and'R^T-a? 
have  two  Automatic  Line  Build-Out  (ALBO)  diodes  coupled  with 
a  high-gain  preamplifier  thait%1iO«¥-n>r  a  dyrtamic  trrpot^igniSI 
range  exceeding  50dB. 

The  RPT-87  also  contains  a  clock-shutdown  circuit.  This  shut- 
down circuit  senses  the  incoming  signal  level  and  disables  the 
clock  drive  to  the  output  latches  it  the  Incoming  signal  Is  below 
the  level  where  accurate  pulse  reconstruction  is  possiblev  This 
prevents  noise  or  crosstalk  fronr being  mistaken  as  vaHd  data 
and  retransmitted.  ;  :  iij 


PIN  CONNECTIONS 


ALBO  INPUT  [T 
ALBO  INPUT  [T 

PREAMP  I  m 
INPUTS  \-  (T 

E.LBOF«,TER  16.PINCERDIP 
^"^"'^  (Q-Suffix) 

il]  LC  TANK 

3S2r'^"    16-PIN  PLASTIC  DIP 

PREAMP  f  m 
OUTPUTS [_  [J 

QND  [T 
DRIVER  rr- 
.OilTRUT  l~ 

jUIcai'  ' 

]jjv„  tfrPINSO 
_  IS^Mffix) 

FUNCTIONAL  DIAGRAM 

9  9 


OSCILLATOR 
CONTROL 


j~Ln_ 


RPT47  ONLY 

I  "\ 


ALBO 
OlOOES 


--VNAHCfj" 
 -^-i 


1^  DEra< 

its 

I  QATA 


CLOCK 
DETECTOR 


s  0  — ii 


ivo  ■  siH.ii;7Hji-I;iO 
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ABSOLUTE  MAXIMUM  RATINGS 

VoltagaPin  10toPin7,20msPulso, 
Duty  Cycle  sp.05  ...„.,  

Voltagef>ttt  tO)o     7,  ^oifitjmp£|  p|Hz 
HaltW«nm  Sinusoid 

Pin10toPia7,CotTtini»iisly,.._..  

Voltage  Pins  8(  oi'stelPin  t.TStnrtihHOusly . 

VottagePins3,4,5.6,11.12,14toPin7  

Sinking  Cun«ntatPio8:or0,L.;:.:.;ti..i!„..,:.. 

Operating  Teinpetaturs  Range'v^:..^...  

Storage  Tamperafiira^Range  ^ 


..35V, -1.0V 


  ™,25VV-1.0V 

 13.5  V. -0.7V 

 35V, -1.0V 

..'Jj.ji;..a;'.jv..;300m^ 

...i-'esHJio+iso"© 


Lead  Soldering  Temperature 

300°C 

ISO^C 

PACKAffiTVPE 

e,,(Note1) 

UNTTS 

16-Pin  Hermelic  DIP  (Q) 

100 

16 

"CAM 

16-Pin  Plastic  DIPXP)  '  

82 

-39 

°c/w 

16-Pin  SO  (S) 

111 

35 

°OAH 

1.       Is  specified  for  worst  case 
device  in  socket  for  CerDIP  an( 


soldered  to  plMid*dUi(iioerd  for  SO  package. 


mounting  conditions,  i.e..  8.^  is  specified  for 
and  P-DIP  packages;      is  specified  for  device 


iLEeTraeAC^ARAGTCRISTieS  'c 


:  Vj,(,  =  5.6V,  -40>'C  <    <  ■i-85»C,  unless  othen»fise  noted.  Vp,,^  ^  =  Vp,,^ ,  3  =  GND. 


PARAMETER 


,SYMEigiL 


M 


INUmONS 


:,1  i--^.<L,'  


RPT-86F/RPT-87F 

MIN  TYP  MAX 


UNrtS 


SUPPLY 


Supply  Current 


(Mptel) 


PREAMPLIFIER 


Preamplilier  Open- Loop  Gain 


RreampUfier  Bandwidth 


Preamplifier  Input 
i    lmpe<3na^'>Btfteltm«al . 


Preamplifier  Input 
Offset  Voltage 


Preamplifier  Output  Impedance  Zq 


Preampllfl^^pul  l^h 


Preamplifier  d(ii|jlA  iSw 


Preamplifier  Input 
Bias  Current 


-3dB  (Notes') 


f  =  1 .544  MHz 


(Note  1) 


(Note  2) 


MHz 


kO 


3.50 


T.  =  +2S«C 

-aA^  '-^i^ 


{  NotB-l  )  - 


■  'i'"-'  ■  1.20 


Preamplifier  Input 
Offset  Current 


(Note1) 


Preamplifier  Output 
Self-Bias  Voltage 


T.  =  +25°C(Notel) 


2^5 


OUTPUT  ORWE 

Output  Voltage  Low 

Load  =  20'"* 

6.®"  ■ 

V 

Differential  Output 
Voltage,  Low 

•old 

0.1 

V 

V  >4  9V 
'pin  14  "'-'V' 

V  « V        .  20V 

'pins  "pins""" 
(Note  1) 

Output  LeaksgiS'^tirKenl 

'oh  1 

0.05 

so 

pA 

Output  Pulse  Rise-Time 

Tor 

(Note  2) 

30 

so 

ns 

Output  Pulse  Fall-Time 

(Note  2) 

10 

60 

ns 

Output  Pulse  Widiti 

Pw 

f=  1.544114Hz 

324 

ns 

Pulse-Width  Differential 

p 

(Note  2) 

3 

12 

ns 

CLOCK  CIRCUIT 

Tank  Emitter-Follower 
BaseCtjrrent 

1           V          B  4  9V 
'pin  14'  'pin  )4  '"' 

(l4otel) 

3 

10 
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ELECTRICAL  CHARACTERISTICS  at     = 5.6V.-40HJsT^<+85"'C,  unless  otherwise  noted.  Vp,^  ^  =  Vp,^  ^  3  =  GND.  Continued 


.t 


PARAMETER 


CONDITIONS 


RPT-86F/RPT-87F 
MM  TYP  MMC       .  UMTS 


 .., 


ptN  n  *  ''oso  ^"  W 
(Note  1) 


I  so 


.119  . 


t>aia  Sampling  Interval 


(Note  3) 


Measured  from  pin  11, 
or  pin  12  to  pin  15 
T. =  +25»C 


I  

3^ 


44 


.    V  ; 


4^1  1    i  -4-  1 

—  j  e.0 

i        1  i 

4-f- 

t 

Differential  voltage,  measured 

jMfiODlreshoM 


between  pins  6  and  5,  required 
to  activate  tfie  Peak  Detector. 


1,2B 


1.«  YJB5  «t 


ALBO  Tfireshold  ±  Differential 


mV 


ALBobfl  Voltage 


Measured  at  pin  16, 

In  9asuKldaIpm'l6  ptn1,andpln2 

(I  mt) 


1^ 


2.^ 


ALBO  OFF  Voltage 


Minimum  ALBO 
Diode  Resistance 


Fpr«d  Al  of  6  mA  to  7  mA. 
MIN  measure  voltage  at  pins  1  and  7, 
 CalGulalB  Rp  by  1/2. 


Maximum  ALBO 
Diode  Resistance 


RqMAX 


ff1,,$«4lllVlz(No»4)' 


I 

30 


AlBO  Diode 
llmpedance  f^atching 


MtN'^^D'^  "DMAX 


[^TA  /  CLOCK  THRESHOLDS 


w.      «  It 

Clock  Ttt^halfb., 


DiflereiiSal  volt^ermeasuriad' 
between  pins  QsadiSttwqukad 
to  acdvale  the  Clock  DeleeliM'. 


6:85  1.0 


•r.is 


Clock  Ttveshgid 
as%ofALBOVolW(f» 


75 


Data  Threshold 


Differential  voltage,  measured 
between  pins  6  and  5,  required 
td  activate  the  Data  Detector. 


o.es  0.7S 


Data  Thresfiold 
as  %  of  ALBO  Voltage 


51 


S6 


NOTES: 

1 .  Preamplifier  self-biased.  Vp,^,  ,  =Vp,^  4  =  Vp.^  5  £  Vp,„  ^ 

2.  Sample  tested. 

3.  Guaranteed  by  correlation  to  other  tested  parameters. 

4.  Guaranteed  by  design. 
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The  Preamplifier:  The  RPT-86  and  RPT-87  repeater  ICs  con- 
tain a  differential  input,  differential  output  preamplifier.  From  the 
differential  input  to  the  noninverting  output,  it  behaves  as  a  con- 
venllonal  op  amp.  The  preamplifier  has  typically  5MHz,  -3dB 
bandwidth.  Its  open-loop  gain-phase  frequency  response  is 
shown  in  Figure  1 .  In  order  to  operate  the  preamplifier  under  a 
stable  condition,  some  amount  of  external  feedback  is  neces- 
sary to  control  the  frequency  response.  The  open-loop  fre- 
quency response  suggests  that  the  feedbacl<  networl<  must 
have  40dB  attenuation  or  more  at  20MHz  and  above  to  ensure 


FIGURE  1 :  Gain-Phase  Frequency  Response  of  the  Preamplifier 


TABLE  1 :  Typical  Preamp  Gain/Phase  Response 


FREQUENCY  (MHz)  AVOL(dB) 


PHASE(DEG) 


1.0^ 

1.544 

6.2 

20 

Z5M 

45 


FIGURE  2:  The  differential  outputs  of  the  RPT-86/87 pream- 
plUler  swing  symmetrically  around  a  DC  bias  point  of  about 
2.Sy,  Vj~>  is  invertisd  with  respect  to  Vq'*^  about  Uiis  poiiA 


both  its  inputs  ancTdutputs.  This  allows  the  outputs  to  achieve 
maximum  swing  when  amplifying  an  AC-coupled,  bipolar  signal. 
It  also  produces  zero  differential  preamp  output  voltage  fofzero-' 
input  signal.  6fSefating^ff6ifi%*i5^^^iiffpljr,'iHgpreamg\5Ut-^ 
puts  will  balance  at  approximatety  +2.5V  allowing  aii  ^H^ut'^' 
voltage  swing  of  ±0.75V  around  its  bias  level  as  illustrated  in 
Figure  2. 

Figures  3  and  4  show  two  methods  of  configuring  the  preamp  to 
automatically  self-bias  both  the  inputs  and  outputs  to  an  opti- 
mum level.  The  single  resistor  and  capacitor  used  in  Figure  3 
extracts  the  DC  average  of  the  inverting  output  and  feeds  it  back 
to  the  noninverting  input  to  establish  the  input  common-mode 
level.  This  negative  feedback  will  force  the  outputs  to  center 
their  swing  around  the  DC  level  at  which  VQ(Diff)  =  OV.  This  type 
of  self-biasing  is  practical  only  when  the  preamp  is  passing  a 
balanced,  AC  coupled,  bipolar  signal.  If  the  preamp  must  pre- 
serve theDCIevelof  an  unbalanced,  unipolar  signal,  then  a  self^  - 
biasing  sehenieas^MMmtnF^igwA  is  fequlred:This:nE^^ 
sets  the  Input  common«mte!le«eit;j;r'.e^|rt|Mi9tte#0^ 
age  of  both  differential  outputs.  In  this  way,  the  Input  csiUmon* 
mode  level  will  always  be  that  voltage  at  which  VQ(Diff)  =  OV 
regardless  of  the  input  signal. 


.0  i'r  'b'  1  ,T|  nwi.*i,  sit. . 
f  


■-  >'!,*       =bir; : 


FIGURE  3:  Preamp  self-bim 
apeedib^tar  signals. 


tme  with  AC  coupled,  bal- 


FIGURE  4:  Universal  preamplifier  self-biasing  technique 
allowing  unipolar  slgrtal  ampllflcatlor). 
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Threshold  Comparators:  The  RPT-86/87  contains  three  pairs 
of  threshold  comparators  to  tnqryior  th§;0iffisrential  outputs  ofr< 
the  preamplifier.  Each  of  the  six  compaFatprs  is  sat  to  detect  a 

specific  differential  preamp  output  level.  Three  comparators 
measure  positive  differentials  and  three  measure  negative  dif- 
ferentials. The  IndiyidiJiiEd  thfeslip^j^pq^^ 
positive  and  negaiivfi^t^«^(,ij^p(sk^0.p^<f|pjb^  BMIV>wn 
in  Figure 5.,  vo.S+  vtelwnixoiquc  'c-  s.-.^'  b  i.'.  liw  . 

IV.  :        =>6  'oval  t^ifi  Sli  bfJCe  V..?"  IM  to  r-r  ■«■;> 


IHTi,?:*  V  .'■^f  J^r^f  ^^r>*■  rt*  r- 


The  data  Detector  thresholds  are  set  at  50%  of  the  Peak  levels 
for  maximum  noise  immunity.  The  outputs  of  these  compara- 
tors contain  the  digital  data  and  are  presented  to  the  output  R-S 
flip-flops.  The  Clock  Detector  thresholds  are  set  at  70%  of  the 
Peak  levels.  When  the  Clock  thresholds  are  reached,  the  com- 
parators send  a  synchronization  pulse  to  the  on-board  oscillator 
to  lock  its  frequency  and  phase  to  that  of  the  incoming  signal. 
The  peak  detectors  trip  when  the  signal  exceeds  the  peak 
thresholds.  Peak  Detector  outputs  are  used  to  perform  an  AGC 
function  to  maintain  a  constant  preamp  peak  output  level. 
Thresholds  and  wavafortns  are  shown  in  Figure  6. 


1  1 
/  Vdata- 

0  1 
 w-PEAK- 

cLocKyy— — 1 

PREAMP 
OUTPUT 

Jin 

n 

A  DETECTOR 
PUT 

JUl 

n  n 

rn      CLOCK  DETECTOR 

1   1  OUTPUT 

n       PEAK  DETECTOR 

■"  ^ 

FIGURES:  Comparator Thmsholds-and Waveforms 


ALB0:  The  ALBO  function  is  driven  from  the  Peak -threshold 
detector  outputs.  The  ALBO  (Automatic  Line  Build-Out)  cir- 
cuitry consists  of  two  current-driven  diodes  which  act  as  vari- 
able impedance  elements  enabling  the  RPT-86/87  to  close  an 
AGC  loop  around  the  preamplifier.  As  a  peak  level  is  detected, 
a  current  pulse  is  sourced  into  the  ALBO  diodes.  These  pulses 
are  averaged  to  a  DC  current  by  an  external  ALBO  filter  capaci- 
tor. As  the  current  flowing  through  the  diodes  increases,  thejr 
incremental  impedance  is  lowered  as  described  by  the  expo- 
nential l-V  curve  for  a  diode-connected  NPN  transistor  shown  in 
Figure  7.  The  impedance  of  the  NPN  transistor  emitters  which 
source  the  current  to  the  ALBO  diodes  follows  an  identical 
curve.  Because  the  bases  of  these  transistors  look  like  an  AC 
short  to  ground  by  virtue  of  the  external  ALBO  filter  capacitor, 
thetotalACimpedanceof  each  ALBO  port  lodes  like  the  paf dfi^l' ' 
combination  of  two  diodes.  ^  

Equationi:  Rd£°°^^^ -fR  stray 
2Id 

where  Ip  is  equal  to  the  DC  current  flowing  through  the  diodes 
and  RsTRAY  represents  the  stray  resistance  inherent  in  the  RPT- 
86/87,  about  3n. 

The  longer  a  peak  level  is  detected,  the  greater  1^  becomes, 
lowering  R^.  When  no  peak  levels  are  detected,  the  voltage  on 
the  ALBO  filter  capacitor  becomes  zero,  shutting  off  current  to 
the  diodes.  Under  this  condition,  the  stray  pin  capacitance  of 
about  3pF  will  limit  maximum  ALBO  impedance.  A  1 .544MHz 
signal  will  see  an  effective  port  ALBO  impedance  of  about  30k£i. 

In  the  RPT-87  only,  a  low  voltage  at  the  ALBO  filter  enables  a 
clock-shutdown  circuit  when  there  is  no  Input  signal.  The  clock- 
shutdown  circuit  disables  the  clock  strobe,  preventing  It  from 
latching  the  output  flip-flops.  This  prevents  the  RPT-87  from 
sending  false  data  that  is  triggered  by  noise  or  crosstalk  when 
the  incoming  s^na|  levMj8 lodlttMwD  qrr,£fiv'  : 


FIGURE  7:  The  incremental  impedance  of  the  diode-con- 
nected NPN  transistor  used  as  the  ALBO  diode  is  dependent 
on  the  DC  bias  current  flowing  through  it,.  ' 
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The  Oscillator:  The  RPT-86/87's  on-board  oscillator  is  de- 
signed to  be  free-running  at  a  frequency,  f^,  set  by  an  external 
inductor  and  capacitor  across  pins  14  and  15,  where  =  1/ 
(2jcVLC).  The  phase  and  exact  frequency  of  the  oscillator  are 
synchronized  to  the  incoming  data  signal  by  the  Cloci^  threshold 
comparators.  Each  time  the  preamplifier's  differential  output 
exceeds  the  Clock  thresholds,  the  comparator's  outputs  inject  a 
current  pulse  into  the  LC  tank  oscillator  aligning  its  oscillation 
with  the  incoming  signal.  During  periods  where  no  Clock  levels 
are  detected  by  the  comparators,  the  LC  tank's  oscillation  will 
relax  back  to  its  own  resonant  frequency.  An  internal  compara- 
tor is  used  to  square  the  LC  tank's  sinusoidal  oscillation  into 
digital  level  clock.  This  comparator  incorporates  a  delay  func- 
tion (a  capacitor  across  pins  1 1  and  1 2)  that  provides  additional 
phase-shift  so  that  the  strobe  pulses  will  occur  at  the  center  of 
the  incoming  pulses,  thus  allowing  the  user  to  control  when  the 
clock  strobe  will  reach  the  output  latches. This  provides  opti- 
mum timing  for  determining  if  a  "1"  or  a  "0"  is  present.  A  0  to 
30pF  capacitor  (lOpF  is  typical  at  1 .544MHz)  will  optimize  the 
performance  of  the  complete  repeater. 

Data  Output:  When  the  incoming  signal  is  detected  as  valid 
data,  it  is  strobed  into  the  two  output  R-S  flip-flops.  Their  respec- 
tive outputs  are  open-collector  drivers  that  allows  driving  di- 
rectly into  a  center-tapped  isolation  transformer.  This  recreates 
%f"ll  atrmlitude  ,bMarM|ygnaUnd^t^ans^^^^ 
next retph of tra^WWlffK;       ,  ^^p,^,^ 


DESIGNING  WITH  THE  RPT-86  AND  RPT-87 
DESIGNING  A  WIDEBAND  AMPLIFIER 

Figure  8  shows  a  typical  configuration  using  the  RPT-86/87's 
preamplifier  to  create  a  high-gain,  wideband  amplifier.  The 
capacitor  C,  determines  the  amplifier's  low  frequency  gain  roll- 
off  while  resistors  R,  and  set  the  AC  closed-loop  gain.  At  DC, 
the  amplifier  is  in  unity  gain.  Azeroatco.,  =  ^(RjC,)  causes  the 
AC  gain  to  rise  until  a  pole  is  reached  atco^  =  1/{R.|C2).  Thefirfai 
value  of  closed-loop  signal  gain  is  equal  to: 


Equation  2:  Avcl=' 


To  ensure  preamp  stability,  the  ratio  R2/R1  rnust  be  a  minimum 
of  1 00  to  a  bandwidth  of  at  least  20MI-lz.  Low  value  resistors 
should  be  used  for  R^  and  R,  to  minimize  the  effects  of  stray 
capacitance  in  the  feedback  loop.  Since  PC  board  applications 
exhibit  at  least  2pF  of  stray  feedback  capacitance  (equal  to 
about  4k£J  impedance  at  20I\/IH2),  R,  should  be  less  than  400. 

Because  the  preamp's  differential  output  voltage  is  monitored 
by  the  internal  threshold  comparators,  any  output  offset  will 
degrade  the  symmetry  of  positive  and  negative  threshold  levels. 
Operating  the  preamplifier  in  DC  unity  gain  is  instrumental  in 
minimizing  the  output  pffset  voltage.  Offset  can  be  further  re- 
4uga(ll^C^^Sllanci(iS'$)tptieamp's  DC  Input  source  impedance. 


FIGURES:  Typical  noninverting  preamplifier  gain  configura- 
tion with  seif-biasing.  J 

1 
.  .-J  0 

Preamp  output  loading  in  the  form  of  fe^^aek  anid  l^asisg  nM 
works  should  also  be  balanced  to  ensure  uniform  inverttrvg  aa 
tion  between  the  two  preamp  outputs. 

AGC  USING  THE  ALBO  DIODES 

The  variable  impedance  action  of  the  RPT-86/87's  interna 
ALBO  diodes  can  be  used  to  create  a  wide  dynamic  range  AGC 
loop  witit  jhe^reainplitiei^  as  shown  in  Figure  9.  While  the 
preamp  operates  at  a  fixed  AC  gain,  the  Input  signal  is  variably 
attenuated  by  the  ImpMtftee-dMder  networks  of  R.,/Zq.,  and 
Rj/Zqj.  As  the  input  signal  miignttude-inewases  and  the 
peeamp's«utpcit$  crass  the  PealittirailsadS^oRXiBQtltWAiM 
pedance  decreases  providing  more  signal  attenuattniR^MBVliS 
the  preamplifier  Input.  If  input  signal  magnitude  decreases, 
diode  impedance  will  increase,  reducing  signal  attenuation. 
The  result  is  a  constant  preeitnp  input  level  ereatfing  ^emiaU/k 
preatnp!W}puts»R!iu«le:-5' ,v;or.  raailiost-3f*T 
■ '        -'itiijv;  -  ^  J .',  u.;  or.e  jtnfij '.-It.'  -ii 


FIGURE  9:  By  attenuating  the  iriput  signal  through  imped- 
ance dividers,  the  ALBO  network  simulates  the  attenuation 
and  frfqii^eiKy  characterise  of  maximufti  line  len^tti,  g^t,-|o  ^ 
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ALBO  diodes.  These  capacitors  also  create  a  frequency  de- 
pendency by  adding  a  pole/zero  pair  in  the  attenuation  charac- 
teristics of  each  ALBO  diode  stage.  Figure  1 0  illustrates  the  gai  n 
vs.  frequency  response  of  the  first  ALBO  stage  assuming  that 
R,  "Rj  and  Zp,«R,.  As  Z^^  changes  depending  on  input  sig- 
nal amplitude,  to^  also  changes.  AtZ[j^=RpMAX,  0)2=  (Op,  and 
the  stage  gain  equals  unity  With  flat  frequency  response.  At 
Zq^=  RqMIN,  there  is  maximum  separation  between  co^  and  cOp 
and  a  maximum  attenuation  equal  to  approximately  Z^^/R.,. 
Combining  the  effects  of  two  ALBO  stages  allows  the  program- 
ming of  two  variable-<kiratioa  poles  and  :a  gain  ranging  from 
unityto(Zo,Zoj^R,%).  ,,J. 


FIGURE  11 :  >4  simp^.LRC  resonant  tank  oscillator  is  used  by 


^  .illUiOl.miN  (dB) 
0 

Rt^QUENCV 

FIGURE  10:  The  ALBO  impedance  creates  frequency  dependent 
attenuation. 


DESIGNING  THE  LC  TANK  OSCILLATOR 

The  oscillator  on  board  the  RPT-86/87  is  based  on  a  pulsed  LC 
resonant  tank  and  produces  a  continuous  "square-wave"  clocl< 
output  even  in  the  absence  of  an  incoming  data  signal.  Con- 
nected as  shown  in  Figure  1 1 ,  the  oscillator  input,  Pin  14,  oscil- 
lates sinusoidally  about  the  4V  oscillator  bias,  Pin  15.  The 
nominal  oscillation  frequency,  f^ja!given  by  the  formula: 


oscillator  because  often  the  incoming  data  bit  stream  is  timed  at 
a  clock  rate  slightly  different  from  f^.  The  bit  stream  may  also 
contain  timing  jitter  where  each  data  bit  or  packet  of  bits  arrives 
with  a  slightly  different  clock  timing.  To  ensure  that  no  data  bits 
are  missed  under  these  conditions,  the  RPT-86/87's  oscillator 
must  be  flexible  enough  to  track  the>clock  frequency  carried 
within  the  incoming  bit  stream. 

The  damping  resistor  also  determines  the  amplitude  of  the  LC 
tank's  oscillation.  Assuming  R  is  the  only  dissipative  element  In 
the  tank,  its  value  can  be  calculated  a^^!|^^|i(idfth^  peak-to- 
peak  oscillation  amplitude  on  Pin  14: 


Equations:  -  R» 


430mA) 


■ir:  Lit:  ,     >  I  . 

re.  '  ^t,r>■^'.^yf: 


where  30nA  equals  the  oscillator  bias  current,  L 


To  avoid 


driving  the  tank  oscillation  onto  the  oscillator  clamping  diode 
contained  within  the  RPT-86/87,  Vp_p  should  be  set  less  than 
1.2V  .  Letting  R  =  24kQ  sets  an  optimum  oscillation  level  of 
1Vp^!orthe,RRT-86/8l'  ,   ;      .  - 

The  values  for  L  and  C  can  be  calculated  by  cfioDsing  the.der 
sired  Q  and  f^  and  then  substituting  Equation  4  into  Equation  3. 
The  generalized  formulas  for  L  and  G'toecoipji:  .-    ,  ,-<(..  - . 


Equation  6:  C= 


y4tf-1 
4itfoR 


Equation  3:    fo  =       J  1 


27t  V  LC  4R^C2 

which  takes  into  account  the  effect  of  the  daniping  resistor,  R. 
The  damping  resistor  is  used  to  reduce  the  Q^of  the  LC  tank 
where: 


Equation  4:    Q  =  Ry2^ 

As  the  Q  of  the  tank  is  reduced,  the  oscillation  frequency  becomes 
more  easily  pulled  away  from  f^  by  the  synchronizing  pulses  of  the 
Clockthre^ld<«mp8»^£tbS:  AldwfQte 


Equation  7: 


q2 


Not^'that  to  rmdFit&Msu^inod  osc^llMbn  dbrihg  the  ^sence 
of  ian  inobtWng  dafti  Bit  streafii,  *e  QofWe  LC  tahKlihustfie 
greater  than  1 . 

When  an  incoming  data  bit  stream  is  of  sufficient  amplitude  to 
cross  the  Clock  Detector's  thresholds,  a  pulse  of  current  is  in- 
jected into  the  tank  to  synchronize  the  oscillator  frequency  to 
that  of  the  incoming  encoded  clock.  When  synchronization  Is 
achieved,  the  various  voltage  and  current  waveforms  are 
aligned  as  shown  in  Figure  12. 
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FIGURE  12:  The  LC  tank  is  synchronized  to  the  incoming 
data  when  the  clocl<  detector  injection  current,  l^^j ,  is 
entered  jr^de  OieoseUMor^s  I 


TYPICAL  APPLICATIONS 

The  circuit  shown  in  Figure  13  is  a  typical  T1 , 1 .544Mbit/s  repeater 
system.  The  repeater  is  piaced  In  series  with  a  #22AWG 
unshielded,  twisted-pair  transmission  line  at  distances  of  up  to 
every  9,000  feet.  The  power  Is  supplied  by  a  constant  current  of 
60mA thatlssentcommpn-modedownthe transmission  line.  This 
constant  current  is  separated  from  the  signal  by  Input  transformer 
Ti  and  output  transformer  T2,  and  is  converted  to  a  5.6V  supply 
voltage  that  powers  the  RPT-86/87  by  the  Zener  diodes  Zq.  The 
incoming  signal  is  coupled  into  the  input  network  by  the  trans- 
former Ti  .  One  end  of  T,  's  secondary  winding  is  held  at  AC  ground 
by  capacitors  Cg  and  C10;  and  the  other  end  is  terminated  by  the 
line-matching  resistor  .  The  line-matching  resistor  is  followed 
by  a  line  equalization  network,  which  includes  the  preamplifier 
feedback  circuit  and  ALBO  diodes.  This  network  Is  designed  to 
compensate  for  the  losses  and  distortion  of  the  #22AWG  twisted- 
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RGURE 13:  A  complete  1.544Mbit/s  TI  Repeater  Design. 
For  additional  details,  see  application  note  AN-1 40.  (Note:  for 
2.048  Mbit/s  E 1  application,  this  same  circuit  works  well  to 
-44dB.  The  only  changes  necessary  are  R,  =  120a,  C,,  = 
ISOpF,  and  L,  =  3^H.  See  application  note  AN'1 13). 


REy.i 


aMmuNiamommmms 


pair  wire  transmission  line  wliose  cliaracteristics  of  loss  vs.  fre- 
quency vs.  lengtti  are  sfiown  in  Figure  14.  Tfie  goal  of  tfie 
repeater's  equalization  network  is  to  allow  the  recovery  of  the 
1 .544  Mbit/s  T1  format  data  with  an  input  level  that  varies  from 
OdB  (6Vp_p)  to  -36dB  (95mVp_p)  measured  at  a  frequency  1/2 
the  data  rate,  or  772kHz.  As  evidenced  in  Figure  14,  at  0  feet  o' 
transmission  line,  the  receiver's  incoming  signal  has  OdB  attenu 
ation  with  no  frequency  distortion.  By  3000  feet,  the  signal  am 
plitude  reduces  to  -1 2dB  level  and  falling  at  -6dB/octave,  single 
pole  roll-off,  between  770kHz  and  1 .544MHz.  At  6000  feet  of 
transmission  line,  the  signal  falls  to  -26dB  with  -1,2dB/octave. 
double-pole  frequency  roll-off. 

Data  rate  and  transmission  line  characteristics  play  an  importan* 
role  in  determining  the  maximum  line  length  from  which  the  RPT- 
86/87  can  recover  data.  From  figure  14  it  can  be  seen  that 
#22AWG  twisted-pair  wire  exhibits  much  less  loss  and  frequency 
distortion  at  lower  frequencies.  Thus,  the  RPT-86/87  can  recover 
data  from  much  longer  transmission  lines  if  a  lower  data  rate  is 
used.  Similarly,  using  a  transmission  line  with  less  loss  and  fre- 
quency distortion  will  allow  the  RPT-86/87  to  recover  higher  speed 
data  dvef T(S! 


FIGURE  14:  Both  line  attenuation  and  frequency  distortion 
become  worse  as  iine  iengtti  increases. 

1  MMAX  .  • 

I 

In  the  repeater's  equalization  network,  R^,  R3  and  Ci  fornn  one 
zero  while  the  preamp  feedback,  R7,  Ra,  Rg,  Rio,  C5,  Ce,  and  Lj 
create  a  second  zero  in  addition  to  signal  gain.  At  long  transmis- 
sion line  length,  this  provides  a  double-zero  rise  plus  gain  to 
squallze  the  lines  double-pole  roll-off  and  attenuation.  At  short 
line  length,  thetwoALBO  diodes  will  bedriven  ON  by  the  increased 


input  signal  amplitude  and  will  create  two  poles  in  the  equalization 
network  as  well  as  attenuation.  At  0  feet,  the  two  ALBO  poles 
cancel  the  two  network  zeros,  matching  the  line's  flat  frequency 
response  and  reducing  the  overall  network  gain  to  -1 2dB  to  ac- 
commodate the  peak  threshold  comparators.  The  oscilloscope 
photos  of  Figure  1 5  show:  a)  both  OdB  and  -36dB  incoming  signal 
levels;  and  b)  the  reconstucted  data.  \ 

 V 


(a) 


SIGNAL  AT  0«te 


SIGNAL  AT -36dB 
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FIGURE15:  The  RPT-86/87  receives  the  transmitted  signal, 
as  shown  in  (a),  ranging  in  amplitude  from  OdB  to  -36dB.  It 
then  recovers  and  reconstructs  the  data  for  retransmission 
in(b).  I 

In  the  repeater  application  of  Figure  13,  resistor  Ri  terminates 
the  incoming  line  matching  its  characteristic  impedance.  Be- 
cause the  preamplifier  is  operating  at  high  gain  over  a  wide 
bandwidth,  impedances  in  the  signal  path  must  be  kept  as  low 
as  is  practical  to  minimize  their  noise  contributions.  A  low  im- 
pedance at  the  preamp  input  also  helps  reduce  the  pick-up  of 
stray  radiated  system  noise  including  noise  capacitively 
coupled  from  the  RPT-86/87's  own  digital  outputs. 
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N/A 
BCD 
Serial 
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Type 
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LED 
LED 
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Comments 

+5  V  Power 
+  5  V  Power 
+5  V  Power 
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Orientation 

Digital  Panel  Meters 


A  digital  panel  insttumoit  is  a  ■sdf-contained  instrument  designed 
for  panel  mounting.  It  contains  circuitry  for  measuring  analog 
quantities,  converting  them  to  digital  and  providing  a  numeric 
readout.  In  addition,  it  usually  provides  data  outputs  for  interfacing 
with  a  printer  and/or  a  computer  system.  A  digital  panel  meter 
measures  voltage,  generally  with  fractional-millivolt  resolution. 

A  useful  publication  from  Analog  Devices  may  be  helpful  in 
understanding  the  issues  involved  in  data  conversion:  Analog- 
Digital  Conversion  Handbook,  third  edition  (1986,  $32.95).  It  is 
available  from  the  Analog  Devices  Literatnie  Center  .at  ?.0. 
Box  7%,  Norwood  MA  02062. 

A  DPM  samples  the  input  voltage  periodically,  converts  that 
voltage  to  digital,  and  displays  the  corresponding  reading  visually. 
A  digital  panel  meter,  then,  consists  of  four  basic  functional 
sections:  the  input  section,  including  signal  conditioni|iK..gnd 
analog  to  digital  conversiw^teAii^      dSsplajr;  H^iim^SVem 
and  the  power  supply. 

Processus  the  Input  Signal 

The  primary  function  of  the  input  section  is  to  convert  an  analog 
input  voltage  into  a  digital  signal  for  display.  Besides  this  basic 
function,  the  input  section  also  buffers  the  input  to  provide  a 
high  mpat  impedance,  prevent  circuit  damage  in  overvoltage 
conditions,  reject  both  normal-mode  and  common-mode  noise 
on  the  input  signal,  compensate  for  large  variations  in  operating 
temperature  and  sometimes  even  measure  the  ratio  of  two  separate 
iiqnit  railages. 

The  analog  to  digital  conversion  scheme  t^ed  on  most  DPMs  is 
the  dual-slope  type  due  to  its  inheicDt  stabilitjr  and  normal-mode 
noise  rejection.  The  dual-slope  converter  can  also  be  used  to 
measure  the  ratio  of  two  input  voltages  in  some  DPM  designs. 
Lower-resolution  DPMs  sometimes  use  staircase  or  sin^  slope 
converters  which  require  RC  filtering  of  the  iapat  signal  for  a 
normal-mode-noise  rejection. 

The  input  of  the  DPM  may  be  single-ended,  differential  or 
floating.  Single-ended  inputs  measure  the  input  voltage  with 
respect  to  input  common  and  may  require  some  care  in  application 
to  avoid  ground  loop  problems.  To  prevent  ground  loops,  some 
of  Analog  Devices'  DPMs  use  a  "limited  differential  input," 
where  a  resistor  separates  analog  and  digital  grounds  allowing 
up  to  200mV  of  common-mode  voltage  and  piin^ding  up  to 
60dB  of  common-mode  rejection. 

Displacing  the  Data  -  Digits  Ou^ts 

Once  the  input  signal  is  digitized,  it  is  decoded  and  displayed 
on  a  digital  readout.  Analog  Devices  DPMs  use  large  seven- 
segment  light-emitting  diode  (LED)  displays. 

DPM  full-scale  range,  including  overrange,  is  defined  by  the 
number  of  digits  and  polarity.  In  mixed-fraction  designations 
(e.g.,  3  1/2  digits),  a  full  digit  is  one  capable  of  displaying  any 
numeral  bom  0  through  9.  The  fraction  generally  means  the 
rilio  of  the  display's  maximum  leading  digit  to  the  power  of  two 
that  odrreapbnds  to  die  number  of « 
a  3  1/2-di^t  meter's  maxiianiin  lea^t^l 
meter's  mavimiim  reading  is  39999. 

Since  the  visual  display  of  a  DPM  must  be  in  a  decimal  format, 
counter  diips  iiieel  wHPM  Qmtmim^^i$^ig<mm-fmeafi$ 


binary-coded  decimal  (BCD)  types.  The  data  output  format 
depends  on  the  circuit  design  of  the  meter;  for  example,  the 
AD2010  has  parallel  BCD  data  outputs  with  all  BCD  bits  available 
simultaneously,  while  the  AD2021  has  character-serial  outputs  -r 
each  BCD  digit  is  gated  onto  a  single  set  of  parallel  output  lines 
in  sequence.  The  latter  tednique  te^uisci  'S^^^Si%tm 
and  simplifies  data  ihterfadng. 


Digital  data  outputs  from  DPMs  are  generally  compatible  1 
DTL  or  TTL  logic  systems;  many  DPMs  are  also  compatHile  K 
with  CMOS  logic. 

Control 

The  kinds  and  number  of  control  inputs  and  outputs  -  and 
their  interpretation  -  may  differ  from  one  model  to  another,  but 
they  are  well  defined  on  the  data  sheets.  Examples  of  typical 
control  functions  that  may  be  found  in  DPMs  include  triggering 
of  conversions,  external  hold,  decimal  points  (jumper 
programmable),  display  blanking  and  status  output.  , . 

Undentanding  Peiformance  Specifications  -< 
Resobirimi  Acatracy  and  Stability  -  these  three  specs  are  very 
important  in  die  selection  of  a  DPM.  Although  more  digits  nuqr 
mean  more  resolution,  the  digits  themselves  are  useless  unless 
the  accuracy  is  sufficient  for  the  digits  to  have  real  meaning. 
Therefore,  accuracy  and  resolution  should,  ^coiii^^Ws^^^„ 

Besides  tenqjeratnreivaiiations,  ^tme  mv0te^tmapvil$l0tt  i(^rit 
DPM  inaccuracy:  zero  offset  error,  gain  error  and  quamieatiott 
error.  In  any  device  using  a  coimter  and  clock  to  determine  a 
digital  output,  there  is  always  a  potential  ±  I  count  error  in  the 
output.  This  is  caused  by  the  timing  of  the  input  gate  of  the 
counter;  when  the  gate  closes  asynchronously  with  the  clock,  a 
clock  ptdse  that  occurs  just  as  the  gate  closes  may  or  may  not  be 
couated,  hence  the  fixed  ±  1  digit  irraceuraqr.  ' 

Zerb-I£^  <0geis  in  die  amUbg  diciki^  aMilgaSU»  ^K^fied  ai 
a  pdteemags  of  full-scale  leai&ig. '  These  en^' can  be  can&»ed>^ 
by  a  zero-calibration  potentiometer  requiring  jperiocBc  tesettingJ' 

Gain  variations  occiu:  as  a  function  of  signal  level  in  the  analog 
circuitry  and  produce  errors  which  are  specified  as  a  percentage 
of  the  reading.  These  are  the  hardest  errors  to  design  out  of  a 
DPM  circuit,  but  they  can  be  mimmrrr^  by  component  specifi- 
cation and  selection.  A  range  potratiranaer  is  naed  for  periodic 
adjustment  of  the  gaiii.      '  .^rA^^f  ,:  !  •  -  .  > 

Since  all  the  electronic  components  used  in  the  design  of  a 
DPM  have  some  temperature  dependence,  one  can  expect  the 
accuracy  of  the  DPM  to  be  affected  by  changes  in  operating 
temperature.  If  automatic  zero  correction  circuitry  is  not  used, 
the  zero  level  may  drift  with  temperature.  Variations  in  the 
reference  voltage  circuitry  and  its  associated  switches  will  cause 
changes  in  the  gain  of  the  DPM,  but  rari-fi^|  urte^fn^jt^tt  matrhing 
of  components  can  minimize  this  error. 

To  illustrate  these  specifications,  consider  a  3  1/2  digit  DPM 
(1999  counts  full  scale).  The  resolution  of  the  unit  is  the  value 
of  one  digit,  1  part  in  2000  or  0.05%  of  full  scale.  If  the  accuracy 
is  comparable  to  the  resolution  (exclusive  of  digital  indecision), 
the        AhM  iM^ftJIirtuim  ertor  of  ±0.05%  ±  1  ^iRtt. 


Temperature  coefficient  specifications  for  a  DPM  should  be 
very  good  to  maintain  the  accuracy.  A  tempco  of  only  50ppm/°C 
(0.005%/°C)  will  produce  an  additional  &i<st  a£  m&JOS^  mmf  m 
range  of  only  ±  10°C.  ■ 'f;  • 

Smce  each  manufacturer  tends  to  use  a  different  meli^od.  pf 
specifying  accuracy  and  temperature  coefficients,  deifications 
must  lie' expressed  in  cominon  ferms  to  be  coInp!irabte^ 

^FINITIONS  -  DPJW  TERMS  &  SPECIFICATIONS 

Accuracy  (Absolute):  DPMs  are  calibrated  with  respect  to  a  reference 
voltage  which  is  in  turn  calibrated  to  a  recognized  voltage  standard. 
The  absolute  accuracy  error  of  the  DPM  is  the  tolerance  of  the 
full-scale  set  point  referred  to  the  absolute  voltage  standard. 

Accuracy  (Relative):  Relative  accuracy  error  is  the  difference 
between  the  nominal  and  actual  ratios  to  fiill  scale  of  the 
digital  output  corresponding  to  a  given  analog  input.  See  also: 
Linearity. 

Bias  Current:  The  current  required  from  the  source  at  zero 
signal  input  by  the  iaput  circuit  of  the  DIM;<Bla»  curteiit  is 
normally  specified  at  typical  and  incBtiiiiiun  valu^.  Analog0evi(^' 
WMs  using  transistor  input  circuitry  are  biased^^MtiSti  dfikst  ■ 

Bmary  Coded  Decimal  (BCD):  Data  coding  where  each  decimal 
digit  is  rejpresented  by  a  group  of  4  binary  coded  digits  (called 
"quads").  Each  quad  has  bits  corresimnding  to  8,  4,  2  and  1 
and  10  Jiermissible  levels  with  weights  0-9.  BCD-is  normally 
used  where  a  decimal  display  is  needed. 

Bipolar:  A  bipolar  DPM  measures  inputs  which  may  be  of  either 
positive  or  negative  polarity  and  automatically  displays  the  polarity 
as  well  as  the  magnitude  of  the  input  voltage  on  the  readout. 

Character  Serial  BCD:  Multiplexed  BCD  data  outputs,  where 
each  digit  is  gated  sequentially  onto  four  cominon  output  lines. 

Common-Mode  Rejection:  A  differential-input  DPM  will  reject 
any  input  signals  present  at  both  input  terminals  simultaneously 
if  they  are  within  the  common-mode  voltage  range.  Common- 
mode  rejection  is  expressed  as  a  ratio  and  usually  given  in  dB. 
(CMR  =  20  Ibg  CMRR  120dB  of  common-mode  rejection.) 
(CMRR  =  10*)  means  that  a  lOV  common-mode  voltage  is 
processed  as  though  it  were  afi  additive  iteef ential  inpiil  sl^^" 
of  lOixV  magnitude. 

Common-Mode  Voltage:  A  voltage  that  appears  in  common  at 
both  input  terminals  of  a  device,  with  respect  to  its  ground. 

CoKBersion  Rate:  The  frequency  at  wliich  readings  may  be  pro- 
cessed by  the  DPM.  Specifications  are  typically  given  for  internally 
clocked  rates  and  maximum  permissible  externally-triggered 
rates. 

Conversion  Time:  The  maximum  time  required  for  a  DPM  to 
complete  a  reading  cycle,  specified  for  the  fuU-Siaile  feadiilg. 
Dual-Slope  Conversion:  An  integrating  A/D  conversion  technique 
in  which  the  unkliown  signal  is  converted  to  a  proportional  time 
interval,  which  is'then  nieastired  digitally,.  This  is  done  by  inte- 
[  the  unknown  for  a  predetenMned  tiine. 


Then  a  reference  input  is  switched  to  the  integrator,  and  integrates 
"down"  from  the  level  determined  by  the  unknown,  imtil  a 
"zax)"  level  is  reached.  The  time  for  the  second  integration 
process  is  proportional  to  the  average  of  the  unknown  signal 
level  over  the  predetermined  integrating  period. 

Input  Impedance:  The  complex  ratio  of  signal  voltage  to  signal 
current  at  the  input  terminals.  For  dc  measuring  DPMs,  the 
input  is  measured  at  dc.  For  ac  measuring  DPMs,  it  is  expressed 
as  a  dc  resistance  shunted  by  a  specified  capacitance. 

Linearly:  The  conventional  definition  for  nonlinearity  of  a  DPM 
is  the  deviation  from  a  "best"  straight  line  which  has  been  fitted 
to  a  calibration  curve.  Analog  Devices  defines  nonlinearity  as 
the  deviation  from  a  straight  line  drawn  between  the  zero'and 
full-scale  end  points.  Not  only  is  this  an  easier  method  for  (Customer 
calibration,  it  is  also  a  more  conservative  method  of  speci^nng 
nonlineasity.    ■         -  .  , 


Linearity 

Normal-Mode  Rejection:  Filtering  or  integrating  the  input  signal 
improves  noise  rejection  of  undesired  signals  present  at  the 
analog  high  input.  Normal-mode  rejection  is  expressed  as  the 
ratio  of  the  actual  value  of  the  undesired  signal  to  its  measured 
value  over  a  specified  frequency  range.  (NMR  (dB)  =  20  log 
NMRR,  e.g.,  NMR  =  40dB  means  an  attenuation  of  100:1.) 

Overload:  An  input  voltage  exceeding  the  full-scale  range  of  the  ' 
DPM  produces  an  overload  condition.  An  overload  condition  is 
usually  indicated  by  conspicuous  manipulation  of  the  display 
such  as  all  dashes,  flashing  zeros,  etc.  On  a  3  1/2  digit  DPM 
with  a  range  of  199.9mV,  a  a200mV,  signal  will  produce  an 
overload  condition. 

Overrange:  An  input  signal  tiN}t  exceeds  all  nines  on  a  DPi\, 
but  is  less  than  an  overload.  pn„a>3  1/2  digit  DPM  with  a  full-scale 
range  of  199.9mV,  the  all-nines  range  is  0-99.9mV,  and  signals 
from  100-199.9mV  are  said  to  fall  in  the  100%  overrange  region. 
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OveruoUage  Protection:  The  input  section  of  the  DPM  must 
provide  protection  from  large  overloads.  Specifications  are  given 
for  sustained  dc  voltages  that  can  be  tolerated. 

Parallel  BCD:  A  data  output  format  where  all  digital  outputs 
are  available  simultaneously. 

Range  (Ten^eiMm  O^rna^n^.  Tfas  nnge  of  temperatures 
over  which  the  BHtl        meet  or  exceed  its  performance 

specifications. 

Range  (Full  Scale):  The  range  of  input  signals  that  can  be  measured 
by  a  DPM  before  reaching  an  overload  condition.  A  3  1/2  digit 
DPM's  full-scale  range  consists  of  three  digits  (all-nines  range) 
and  100  percent  overrange  capability. 

Ratiometric:  Dual  Slope  DPMs  compare  voltage  inputs  to  a 
stable  internal  reference  voltage.  In  some  systems,  the  voltage 
being  measured  is  a  function  of  another  voltage,  and  accurate 
measurements  should  be  made  as  the  ratio  of  the  two  voltages. 
Some  DPMs  provide  inputs  for  external  reference  voltages  for 
latiometxic  measui^ieixts. 


Resolution:  The  smallest  voltage  increment  that  can  be  measured 
by  a  DPM.  It  is  a  function  of  the  full-scale  range  and  number 
of  digits  of  a  DPM.  For  example,  if  a  3  1/2  digit  DPM  has  a 
resolution  of  1  part  in  2000  (0.05%)  over  a  full-scale  range  of 


Digits 

21/2 
3 

11/2 
33/4 
4 

41/2 

4m 


Counts  (F.S.)   Resolution  (%F.S.) 


199 
999 
1999 
3999 
9999 
19999 


0.5% 

0.1% 

0.05% 

0.025% 

0.01% 

0.005% 

0.0025% 


Temperature  Coefficient:  The  additive  error  term  (ppm/°C  or  % 
Reading/°C)  caused  by  effects  of  variations  in  operatiof  tll^ier- 
ature  on  the  electronic  characteristics  of  the  DPM. 

Unipolar  Input  DPM:  A  DPM  designed  to  measure  ii^Hlt  iHlbagQa 
of  only  one  polarity. 
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is^  DIGITAL  PANEL  METEBS 


ANALOG 
DEVICES 


Low  Cost,  3 1/2  Digit 
DPIVI  for  OEIVI  Applications 


AD2010 


FEATURES   

LED  Display  with  LMclwil  D^litai  Outpirts 

Small  Size,  Lightweight 

Automatic  Zero  Correction;  Max  Error:  0.05%  ±  1  Digit 
High  Normal  Mode  Rejection:  40dB  @  50  or  60Hz 
Optional  Ratiometric  Operation 
Leading  "0" 
5VDCI 


:t^m-.3  W.I  .*;»f'J 


APPLICATIONS 

l)Micai/$c«intitie/Ainlytic  instruments 
Data  Acquisition  Systams 
Industrie  Weiahing  Systanw 
Readouts  in  Engineering  Units  ^   .  i.  . 
Digital  Thermometers 


GENERAL  DESCRIPTION 

Analog  Devices'  model  AD2010  represents  an  advance  in  price/ 
performance  capabilities  of  3V4  digit  digital  panel  meters.  The 
AD2010  offers  0.05%  ±1  digit  maximum  error  with  bi|«lar^ 
single  ended  input,  resolution  of  100;uV,  and  a  common 'fl^i^' 
rejection  ratio  of  60dB  (CMRR)  at  +200mV  (CMV) . 

The  AD2010  ffeatutes  a  li^t-emitting-diode  (LED)  display 
with  a  full  scale  range  of  0  to  ±199.9  millividts,  latched  digital 
dau  outputs  and  control  interface  signals,  and  leading  zero  di» 
jday  blanUng.'AutiMAstic'seitf  rorrca^^  circuitry  metres 
and  conipeitsates  feri'6ffiil;'aiid  bfi^i  drift  errors,  thcs'^by 
providing  virtually  no  error.  Another  useful  feature  of  the 
.AD2010  is  its  SV  dc  operation.  The  AD2010  can  operate  from 
die  users'  SV  dc  system  supply,  thereby  eliipiiiafin^lih^  shield- 
ing and  decoupling  needed  for  line  powered  umtsSraien  the  ac 
line  must  be  routed  near  signal  leads. 

To  satisfy  most  application  requirements,  the  conversion  rate 
of  the  AD2010  is  nornudly  4  readings  per  second.  However,  an 
external  trigger  may  be  applied  to  vary  the  sampling  rates  from 
a  maximum  of  24  (sadin^  per  second  donte  ,dusninide&ute 
hold  time.  The  AD2010  can  also  be  connected  for  automatic 
conversion  at  its  maximum  conversion  rate.  Diiring  conversion, 
die  previous  reading  is  held  by  the  latched  logic.  The  numeric 
readout  is  available  as  BCD  data.  Application  of  the  metering 
system  in  a  computer  or  data  logging  system  is  made  titff  with 
die  availability  of  the  "overrange,"  "polarity,"  "ovedcjid," 
and  "status"  signals. 

A  simplified  block  diagram  of  the  AD2010,  illustrating  the 
features  described  above  is  shown  in  Figure  1. 
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Figure  1.  Simplified  Functional  Block  Diagram 

'  •  ^  " 

IMPROVEDlialS^mMtmiTYvTtiCeinLACV AND 
ZERO  STjUlirai<V<  "  ■"  ^  "  " 

Dual-slope  integration,  as  used  in  the  AD2010  and  as.  described 
in  the  theory  of  operation  section,  offers  several  desig^jlenefits. 

•  Conversion  f^cciiracy ,  for  example,  jU  ind^^dent.of  both 
the  timing  capacitor  value  and  the  dock  frequency,  since 
diey  affect  both  the  up  ramp  and  down  ramp  integration 
in  die  same  ratio. 

•  Normal  mode  noise  at  line  frequencies  or  its  harmonics  is 
rejected  since  the  average  value  of  this  noise  is  zero  over  the 
integration  period. 

•  To  achieve  zero  stability,  a  time  interval  during  each  convert 
sion  is  provided  to  allow  the  automatic-zero  correction  cir- 
cuitry to  measure  and  compensate  for  offset  and  offset  drift 
errors,  thereby,  providing  virtually  no  zero  error. 
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DIGITAL  PANEL  METERS  5-7 


AD2010-SPECIFICATIONS  (typical  at  +25°C  and  +5V 


dc  unless  otheraise  noted) 


flOO%cn>crrangc«wpqbaity 


PISPLAY  OUTPUT 

for  dau  d^its  | 
indication. 

• '  QunloAd  —  cjhree  daU  digits  diq>lay  zeros 
I        and  flashes. 

•  Drama!  Points  —  selectable  at  input  connectorr 

•  Leadii^  "0"  Display  Blanking  —  controlled  externally. 
INPUT 

•  Full  Scale  Range  -  0  to  ±199.9  millivolts 

•  Automatic  Zero 

•  Automatic  Polarity 

•  Bias  Current  —  3nA 

•  DC  Impedance -lOOMQ 

•  Overvoltage  Protection  —  20V  sustained,  50V  momentary 
without  damage. 

•  Decimal  Points  (3)  -  illuminate  with  logic  extin- 
guish with  logic  "0". 

ACCURACY 

•  Maximum  Error  —  0.05%  of  reading  ±1  digit 

•  Resolution  —  0.1  millivolt 

•  Temperature  Range  —  0  to  +50**C  operating 

-30'*C  to  +85*C  storage 

•  Temperature  Coefficient  -  ±50ppm/**C 

COMMON  MODE  REJECTION 

•  60dB®±200mV 

CONVERSION'  RATE 

•  Enemal  Tr^er  —  up  to  24  conversions  per  second 

•  Internal  Trigger  —  4  conversions  per  second 

•  Automatic  —  A  new  conversion  is  initiated  automatically  • 
upon  completion  of  conversion  in  process;  conversion 

rate  will  vary  from  24/sec  to  40/sec  depending  on  1l!^t  "-'"  ' 
magnitude. 

•  Hold  and  Read  upon  command. 
CONVERSION  TIME 

•  Normal  Conversion  -  42nis  max  (full  scale  input) 

•  Overload  Conversion  — '^hnsmtX 
INTERFACE  SIGNALS 

•  DTL/TTL  Coropatibie  IN  OUT 

logic  "0^  <0.8V  <0.4V 
logic  "1"    >2.0V  >2.4V 

•  Inputs 

External  Trigger  —  Operation  in  the  "Eternal  Tri^er" 
mode  requires  that  the  "External  Hold"  inpu^^bci.j^lgg^ 
"0"  or  ground. 

N^ative  Trigger  Pulses  —  Applying  a  logical  "low"  to 
the  "HOLD"  input  disables  the  internal  trigger.  A 
negative  trigger  pulse  (logic  "1"  to  logic  "0")  of 
1.0ms  minimum  applied  to  the  "EXT  TRIGGER"  in- 
put will  initiate  conversion  in  the  same  manner  as  the 
internal  oscillator.  The  external  trigger  should  not  be 
repeated,  however,  until  the  "status"  indicates  com- 
pletion of  the  conversion  in  process. 
' Positive  Trigger  Pulses  —  The  "HOLD"  input  can  be 
used  to  trigger  the  AD2010  from  a  "normally  low" 
signal  with  the  "EXT  TRIGGER"  input  open  or  logic  "1". 
Following  a  "hold"  a  new  reading  will  be  initiated  on  the 
J  leading  edge  of  the  "hold"  signal.  Thus,  a  momentary 

positive  pulse  on  the  "HOLD"  input  can  be  used  to 
trigger  the  AD20I0.  The  drift  correct  interval,  how- 
ever, begins  on  the  trailing  edge  of  the  positive  pulse, 
so  if  the  pulse  width  exceeds  1ms,  the  conversion  will 


Maximum  Conversion  Rate  -  Automatic  —  The  AD2010 
can  also  be  connected  for  automatic  conversion  at  its 
_        maximum  conversion  rate  by  connecting  the  "status" 
output  back  into  the  "hold"  input.  In  this  manner  the 
status  signal  going  high  at  the  end  of  one  conversion 
immediately  initiates  a  new  conversion.  The  pulses 
^appearii^  oirtfae  <»nii5  line  can  beused  to  seep  a 
multiplexer  directly,  since  the  buih-in  drift-correct 
delay  of  8.33ms  will  allow  settling  of  the  input  prior 
to  conversion.  A  logic  "0"  applied  to  the  "EXT  TRIGGER" 
will  inhibit  the  automatic  trigger  mode. 
External  Hold  —  Logic  "0"  or  ground  applied  to  this  in- 
put disables  the  internal  trigger  and  the  last  conversion  is 
held  and  displayed.  For  a  new  conversion  under  internal 
ccHitrol  the  input  must  be  opened  or  at  logic  "1".  For  a 
new  conronon  imAa  external  control,  a  pdsidye  piilse 
of  less  than  1  JOms  can  be  applnd  (as  previously  ^p&ih^). 

OUTPUTS  , 

•  3  BCD  Digits  (8421  Positive  True)  -  latched  -  3TTL  loads^ 

•  Overrange  -  logic  "1 "  -  latched  -  6TTL  loads,  indicates 

overrange.  .  ^ , 

•  Overload  -  logic  "0"  indicates  overload  C>1 99 .9mV) 

logic  "1"  -  latched  -  6TTL  loads,  indicates 
data  valid  ^ 

•  Polarity  -  It^ic  "1 "  -  latched  -  6TTL  loads,  indicates 

positive  polarity  input. 

•  Status  -  It^ic  "0"  -  conversion  in  process 

logic  "1 "  -  latched  -  6TTL  loads,  indicates  con- 
version complete. 

POWER 

•  +5Vdc±5%,  500mA 

WARM  UP 

•  Essentially  none  to  specified  accuracy 

ADJUSTMENTS 

•  Range  potentiometer  for  full  scale  calibration.  Calibra- 
tion recommended  every  six  months. 

SIZE 

•  3"W  X  I-S^H  X  0.84''D  (76.2  x  45.?  x  21.3mm)  (overall 
deffik  for  £a3E  spd.RqnKd  circuit  tx^vd.  cxiEeosion  is 
1.40*  (55.'6mmy>. 

ORDERING  GUID^  r  , 

•  AD201 0  -  S^fQ^ard  AD2plO  as  described  above  -  tuned 
^^^^^A^rffifl  |Qibde  ruction  at  6OH2  and  its 

WEIGHT  '^'^  ^ 


DIMENSIONS 

'All  dimenraons  are  g^v«n  in  faiduM  and  (mm). 


1.41 
(35,8) 
MAX, 


-  0.30  (7.62)  MIN. 


-3.020  (78.71  (MAX.- 
-3.420  (80.9I  MAX  - 


0.840  (21.31  MAX. 
1 


0.1BS  (3.94)  MAX. 
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Low  Cost,  3 1/2  Digit 
Logic  Powered  DPM  with  LED  Displays 


AD2021 


FEATURES 

"Second  Generation"  MOS-LSI  Design 
Large  0.5"  (ISrnm)  LED  Displays 
+5VDC  Logic  Powered 

±1.999V,  ±199.9mV  or  ±19.99V  Full  Scale  Ranges 
Limited  Differential  Input 
Low  Power  Consumption:  2.0  Watts 
SiBal^)Sln»MMii|t  Standard  Case  Design 

APPLICATIONS 

General  Purpose  Logic  Powered  DPM  Applications 
.  .  PortsWc  Ai^ications  Requiring  Low  t'omt  Consumption 

GENERAL  DESCRIPTION 

The  AD2021  is  a  low  cost,  3'/S  digit,  +5V  dc  logic  powered 
digital  panel  meter  with  large  LED  displays.  While  designed  for 
general  purpose  DPM  applications,  the  small  size,  light  weight 
and  low  power  consumption  of  the  AD2021  make  it  an  ideal 
digital  readout  for  modern,  compact  instrument  designs. 

THE  0F:"8BQE>I«D  GEmRATION?'  DESIGN 

The  AD2021  is  designed  around  M0S'LSI  (Metal-Oxide-Semi- 
conductor, Large  Scale  Integration)  integrated  circuits,  which 
greatly  reduce  the  number  of  components,  and  thereby  the 
size,  and  reduce  power  consumption  to  2.0  watts.  Both  the 
lower  power  consumption  and  fewer  intercoiUecti6ns  between 
components  promise  greatly  increased  reUibilit^.'knd  the  cir- 
cuit design  maintains  the  performance  and  features  of  earlier 
DPMs.  Large  0.5  inch  (13mm)  LED  displays  offer  the  visual* 
appeal  of  gas  discharge  displays  with  the  ruggedness  and  life-' 
time  of  all  solid  state  devices. 

EXCELLENT  PERFORMANCE  AND  EASY  APPLICATION 

,The  AD2021  measures  input  voltage  over  a  full  scale  range  of 
'±l;999V  dc  or  ±199.9mV  dc  ("S"  option)  with  an  accuracy 
of  ±0.05%  reading  ±0.025%  full  scale  ±1  digit.  Using  dii 
"limited  differential"  input  first  used  on  Analog  Devices' 
AD2010,  the  AD2021  prevents  ground  loop  problems  and 
provides  35  to  SOdB  of  common  mode  rejection  at  comBfipiir 
mode  voltages  up  to  ±200mV.  Normal  mode  rejection  is 
40dB  at  50Hz  to  60Hz. 

BCD  data  outputs  are  provided  in  a  bit  parallel,  character  serial 
format  compatible  to  CMOS  logic  systems.  For  those  applica- 
tions requiring  parallel  BCD  data,  schemes  for  making  the  ser- 
ial to  parallel  conversion  are  available.  Controls  to  hold  readings, 
select  decimal  points  and  blank  the  display  are  provided. 

DESIGNED  AND  BUILT  FOR  RELIABILITY 

The  AD2021  is  packaged  in  Analog  Devices'  logic  powered 
DPM  case  size,  only  1.25  inches  (32mm)  deep.  The  small  size 
of  this  DPM  makes  it  easy  to  accommodate  in  any  instrument 
design,  and  since  several  other  manufacturers  now  use  the  same 
panel  cutout  for  l<^c  powered  DPMs,  this  industry  standard- 
ization atRHirs  me^bmmifbimmA  wlimsx%.  in  addition,  the 


AD2021  uses  the  same  pin  connections  as  the  AD2010  (except 
in  BCD  outputs,  of  course)  as  a  convenience  to  allow  updating 
designs  to  take  advantage  of  the  second  generation  design  and 
larger  display  of  the  AD2021.  Each  AD2021  receives  a  full 
one  week  fuhtiiii'ilite  Wrii%'  bi:fore  shipment. 
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Figure  1.  AD2021  Bit  Parallel  Charactet  S^^  ^'^^mllal 
Data  Conversion.  Pin  Connections  Are  Shoim  k> 

Paren^eses. 


DIGITAL  PANEL  METERS  5-9 


AD2021 -SPECIFICATIONS  (typical  at  +25°C  and  nominal  power  supply  voltage) 


DISPLAY  OUTPUT 

•  Light  emitting  diode,  planar  seven  segment  display  read- 
outs, 0.5  (13mm)  high  for  three  data  digits,  100%  over^ 
range  and  negative  polarity  indication.  Overload  indicated 
by  flashing  display,  polarity  remains  valid. 

•  Decimal  points  selectable  at  input  connector. 

•  Display  blanking  on  three  data  digits  (does  not  affect 
overrange  digit,  polarity  sign  of  decimal  points). 

ANALOG  INPUT 

•  Configuration:  bipolar,  limited  differential 

•  Full  Scale  Rai^e:  ±1.999V  or  ±199.9mV  ("S"  option) 
±19.99V  ("V"  option) 

•  Automatic  Polarity 

•  Auto  Zero 

•  Input  Impedance:  lOOMfi  (IMJi  -  "V"  option) 

•  Bias  Current:  50pA 

•  Overvoltage  I^ptection:  ±50V  dc,  sustained 

ACCURACY 

•  ±0.05%  reading  ±0.025%  full  scale  ±1  digit' 

•  Resolution:  ImV,  lOmV  ("V"  option)  or  lOO^lV 

("S"  option) 

•  Temperature  Range^  :  0  to  +50°C  operating;  -25°C  to 
+85°C  storage 

•  Temperature  Coefficient:  Gain:  SOppm/  C 

Zero:  auto  zero 

•  Warm-Up  Time  to  Rated  Accuracy:  less  than  one  minute 

•  Settling  Time  to  Rated  Accurajy.:  %4?^W^iii. :      ■  • 
NORMAL  MODE  REJECTION 

•  40dB  at  50-60HZ  . 

COMMON  MODE  REJECTION       '         -  '  j  • 

•  AD2021:35dB(dc-10kHz) 

•  AD2021/S:  50dB  (dc-10kHjii  . 

•  AD2021A^:  15dB(dc-10kHzj 
COMMON  MODE  VOLTAGE 

•  +200mV 

CONVERSION  RATE  ;  '.   i 

•  5  conversions  per  second 

•  Hold  and  read  on  command 

CONTROL  INPUTS 

•  Display  Blanking:  (TTL,  DTL  compatible,  2  TTL  loads). 
Logic  "0"  or  grounding  blanks  the  three  data  digits  only, 
not  the  decimal  points,  overrange  d^it  (if  on)  and  polar- 
ity sign.  Logic  "1"  or  open  circuit  for  normal  operation. 
Display  blanking  has  no  effect  on  output  data  and  the 
display  reading  is  valid  immediately  upon  removal  of  a 
blanking  signal. 

•  Hold:  (CMOS,  DTL,  TTL  compatible,  ILP  TTL  load). 
Logic  "0"  or  grounding  causes  the  DPM  to  cease  conver- 
sions and  display  the:  data  from  the  last  conversion.  Logic 
"1"  or  open  circuit  for  normal  operatiojet  After  the 
"Hold"  input  is  removed,  one  to  two  (Aversions  are 
n^fied'befoie  ^c.Rading  is  valid. 

•  Decinud  Poin»i-lGroundin£  or  Logic  "0"  will  illuminate 
tter'de%sd  .df$i|^'point.  External  drive  dicuitiy  must 
sink  J^SinA  ptak  at  a  25%  duty  cycle  wh«n  die  decimal 

^.»«-*P«»^«P»*i^W«?4:Qn:;-,,-,c.  1  :,f:  v--,-:-- 


DATA  OUTPUTS  (See  Application  Section  for  details 

data  outputs)  '  ' 

•  BCD  Data  Outputs:  (CMOS,  LP  TTL  or  LP  Schottky  i 
compatible),  bit  parallel,  character  serial  format.  ' 

•  D^it  Strobe  Outputs:  (CMOS,  DTL,  TTL  compatible,  ' 
one  TTL  load).  Logic  "1"  on  any  of  these  lines  indicates 
the  output  data  is  valid  for  that  digit. 

•  Polarity  Output:  (CMOS,  TTL,  DTL  compatible,  one 
TTL  load).  Logic  "1"  indicates  positive  polarity  input, 
logic  "0"  indicates  negative  polarity. 

•  Status:  (CMOS  or  LP  TTL  compatible).  When  this  signal 
is  at  Logic  "1",  the  output  data  is  valid. 

•  Clock:  (CMOS,  DTL,  TTL  compatible,  one  TTfelUad). 
The  clock  signal  is  brought  out  to  facilitate  eoanetlSoa  ? 
from  character  serial  to  parallel  data. 

•  INTERFACING  DATA  OUTPUTS.  The  BCD  data  outputs 
are  in  a  bit  paralld,  diaractCr  serial  format.  There  are  fdur' 
IBCD  bit  output^  (lV2;'4.  i)'iM  {(Air  digit  outputi^ho",  lO', 
lO' ,  10^  ).  The  BCD  digits  are  gated  onto  the  output  lines 
sequentially,  and  the  BCD  bits  iM        for  the  d%it  whose 
digit  line  is  high.  The  data  is  valid  except  when  being  updated 
which  occurs  with)it2  niilliseconds  after  the  status  line  -  i~ 

repe'rence'outpot 

•  A  6.4V  ±5%  analog  reference  output  is  made  available. 
This  reference  should  be  buffered  and  filtered  if  use  in  ' 
external  circuitry  is  desired.  - 

POWER  INPUT 

•  +5V  dc  ±5%,  1.45  watts 

CALIBRATION  APJ[Ui§1^ME}S7S  (See  j^pUcatipn  Section  , 
calibration  instructions) 

•  Gain 

•  Zero 

•  Recommended  recalibratioii  iA(j?I\g4.-j^.  months         ^  ^ 
SIZE  rsTvjl'--- 

•  3"W  X  1.8"H  X  1.33"D  (76  x  46  x  34mm) 

•  1.90  (48mm)  overall  depth  to  rear  of  card  edge  connector. 

•  Panel  cutout  required:  3.175"  x  1.810"  (80.65  x  45.97mm). 

WEIGHT 

•  4  ounces,  (115  grams) 

OPTIONS  -  ORDERING  GUIDE 

•  -Input  Voltage  Range:  AD2021  -  1.999V  dc  Full  Scale 

AD2021/S  -  199.9mV  dc  FuU  Scale 
AD2021A^  -  19.99V  dc  FuU  Scak"^ 

CONNECTOR 

•  30  pin,  0.156"  spacing  card  edge  connector.  Viking 
2VK15D/1-2  or  equivalent. 

•  Optional:  Order  AC1501 

NOTES  -  ■        .  ,j  ■ 

'Guaranteed  at  2S°C and ^Sjjqnalw^P^'jN^t^  .   ,  ^,         ^  _ 
^Guanntecd 

^ciiicatkittwbjeciitocliailgewSdiontiiotite.  < 


5-W  DIGrrAL  PANEL  METERS 


REV.  A 


ANALOG 
DEVICE 
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.^ittan  i<al  ait  buui  ooh  °r 


Low  Cost,  3  Digit 
Umi  Powered  DPM 

'}  tlj||g\.IUII!  0  t  '  '   


FEATURES 

Third  Generation  I^L  LSI  Design,^  ^  -i-rirr  Mi 
Logic  Powered  (+5  V  DC)  '  ' 

Large  0.56"  Red  Orange  LEDs 
Balanced  Differential  Input/Floating 
1000  V,  CMV 

Terminal  Block  Interface  (AC  Version) 
High  Reliability:  >250,00Q  Hpiir  MTBF 
Small  Size  andlWMglW 
Low  Cost 

GENERAL  DESCRIPTION 

The  AD2026  is  specifically  designed  to  provide  a  digital  alterna- 
tive to  analog  panel  meters.  The  AD2026  is  logic  powered 
(+5  V  dc).  Most  of  the  analog  digital  circuitry  is  implemented 
on  a  single  I^L  LSI  chip,  the  AD2020.  Only  13  additional 
components  are  required  to  complete  the  AD2026.  The  eiitiie 
assembly  is  moimted  on  a  single  3"  x  1  5/8"  PCB. 

The  AD2026  offers  as  a  standard  feature,  0.56"  high  LED 
Displays.  Brightness  is  enhanced  due  to  the  Red  Orange  lens.  In 
addition  to  the  Red  Orange  lens,  the  AD2026  is  also  available 
with  a  dark  red  lens  for  applications  where  maximum  brightness 
is  not  required  and  miymg™  backlighting  is  desired. 

A  unique  patented  case  design  utilizes  molded-in  fingers,  both 
to  capture  the  PCB  in  the  case  and  to  provide  snap-in  mounting 
of  the  DPM  in  a  standard  panel  cutout.  No  mounting  hardware 
of  any  kind  is  used.  We  XDSSS^  tmoiliei  Jess  than'  1"  spWs 

behind  the  panel.  a-  '  - 

-  n 

EXCELLENT  PERFORMANCE 

The  AD2026  offers  the  instrument  designer  digital  accuracy, 
resolution  and  use  of  readout  while  occupying  less  space  than  its 
analog  counterpart.  Other  features  of  analog  meters  such  as  reli- 
ability and  instantaneous  response  are  retained  in  the  AD2026. 

The  AD2026  measures  and  displays  inputs  from  —99  mV  to 
-H999  mV,  with  an  accuracy  of  0.1%  of  reading  ±1  digit.  Zero 
shift  is  less  than  one  bit  over  the  full  operating  temperature 
range,  resulting  in  the  same  performance  as  a  DPM  with  auto 
zero.  The  balanced  differential  input  of  the  AD2026  rejects 
common-mode  voltages  up  to  200  mV,  enough  to  eliminate  most 
^ound  hap  problems. 

WIRING  CONNECTIONS 

For  Balanced  Differential  operation  with  the  AD2026,  cotmect 
input  as  shown  in  Figure  1 .  The  common-mode  loop  must  pro- 
vide a  return  path  for  the  bias  currents  internal  to  the  AD2026. 
The  resistance  of  this  path  must  be  less  than  100  kO  and  total 
common-mode  voltages  must  not  exceed  200  mV. 


For  applications  where  attenuation  is  required  scaling  resistors 
can  be  connected  between  Pins  6  and  7  and  between  Pins  F  and 
H.  Pin  5  must  be  used  as  the  High  Analog  Input  when  scaling 
resistors  are  used  and  Pin  4.  when  they  are  not.  Pin  E  is  the 
Analog  Low  InpaS^' 


'l  BIAS 


PIN  CONNECTIONS 


RKIOOkn) 

Figure  1. 

DC  VERSION 


Pm 

Fnactioii 

Pin 

Fimctioii 

1 

4-5  V  Power 

A 

Decimal  Point  XX. X 

2 

4-5  V  Display  Power 

B 

Decimal  Point  XXX. 

3 

Decimal  Point  XXX 

C 

Power  Groimd 

4 

Input  (When  Scaling) 

D 

Hold 

Resistors  Not  Used) 

E 

Analog  Ground 

5* 

Input  (When  Scaling 

F* 

Shimt  Arm  of  Scaling 

Resistors  Are  Used) 

Resistor  Divider 

6* 

Series  Arm  of  Scaling 

H* 

Shunt  Aim  of  Scaling 

Resistor  Divider 

Resistor  Divider 

7* 

Series  Aim  of  Scaling 

Resistor  Divider 

*Kt>t  nomttUy  used.  Allowa  convenient  mounting  of  acaling  resistots. 


'Cotcndlrl 
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AD2026-SPECIFICATI0NS  (typical  at  +29°G  and  nominal  supply  voltage  unless  otherwise  noted) 


DISPLAY  OUTPUT  j, 

•  Light  Emitting  Diode,  Planar  Sb^  S^ment  Display 
Readouts,  0.56"  (14.6  mm)  High  (Oramge) —  

•  Overload  Indication:  EEE 

•  Negative  Indication:  -XX 

-    •  Negative  Overload  Indication:  -  — 

•  Decimal  Points:  Three  (3)  Selectable  at  Input  Cbnttector 

ANALOG  INPUT 

•  Configuration:  Balanced  Differential  Input 

•  Full-Scale  Range:  -99  mV  to  +999  mV 

•  Automatic  Polarity 

•  Input  Impedance:  100  Mil 

•  Bias  Current:  100  nA 

•  OvCTVoltage  Protection:  ±15  V  dc.  Sustained 

ACCURACY 

•  ±0.1%  ±1  Digit^ 

•  Resolution:  1  mV 

•  Temperature  Range^:  -10°C  to  +60°C  Operating:  -25°C 
to  +80°C  Stpra^ 

•  Temperature  Co^dent;  Gain:  SO  ppm/°C 

Zero:  10  n,V/°C  CEssentially  Auto 
Zero) 

•  Warm-Up  Time  to  Rated  Accuracy:  Instantaneous 

•  Settling  Time  to  Rated  Accuracy:  0.3  sec  for  Full  Input 
Voltage  Swing 

COMMON-MODE  REJECTION 

(1  kn  Source  Imbalance,  DC  to  1  kHz) 

•  50  dB,  ±200  mV  Comnuni'Mode  Volagi^,  ^  .^^ ,  ., , 

CONVERSION  RATE 

•  4  Conversions  per  Second 

•  Hold  and  Read  On  Command 

CONTROL  INPUTS 

Display  Blanking/Display  Power  Input:  The  display  of  the 
AD2026  can  be  blanked  by  removal  of  power  to  the  display 
power  input,  with  no  effect  on  conversion  circuitry.  If  exter- 
nal logic  switching  is  used,  the  display  requires  110  mh  ^esk 
(85  mA  Average)  when  illuminated. 


Hold:  When  the  Hold  input  is  at  Logic  "0,"  grounded  or  open 
circuit,  the  AD2026  will  convert  at  4  conversions  per  second.  If 
a  voltage  of  0.6  V  to  2.4  V  is  applied  to  this  input,  the  DPM 
will  stop  converting  and  hold  the  last  reading.  A  12  kO  resistor, 
in  series  with  this  input  to  +S  V  will  provide  the  proper  voltage 
input. - 

DECIMAL  POINT 
■  To  Illuminate  Deciad  Points  Ground  Appropriate  Pin  (A, 
B  or  3) 

POWER  INPUT' 

•  Converter:  +5  V  ±5%,  0.2  Watts  Typ;  0.33  Watts  Max 

•  Display:  +5  V  ±40%,  0.45  Watts  Typ;  0.75  Watts  Max 

CALIBRATION  ADJUSTMENTS 

•  Gain  U  jie*lbm6i 

•  Zero 

•  Reconmiended  Reeatibiation  Interval:  Six  Months 
SIZE 

•  3.43"  W  X  2.0"  H  X  0.85"  D  (87  X  52  x  22  mm) 

•  0.88"  (22  mm)  Overall  Depth  to  Rear  of  Connector 

•  Panel  Cutout  Required:  3.175  ±0.015"  J<  1.810  ±0.015" 
(80.^5  ±0,38  X  45,.97  ±0,38,mm) 

WEIGHT 

•  1.8  Ounces  (53  Grams) 

CONNECTIONS 

A  10-Pin  T&B/Ansley  609-lOOOM  with  Two  Feet  of  10  Con- 
/  ductor  Ribbon  Cable  Is  Available.  Order  AC2618. 

Conductor  to  Pin  A  Is  Color  Coded.  Sequence  of  Ribbon 
Connections  Is  A,  1,  B,  2,  C,  3,  etc. 

ORDERING  GUIDE 


AD2026-11 

Lms 
Red  Lens 
Red  Orange  Lens 


ENTER 


NOTES 

^Guaranteed  at  +2S°C  and  nominal  supply  voltage. 
^Guaranteed.  ;         ,: ,  .     ■  - 

^When  the  same  power  sigjp^    j^ed  to  power  both  di^lay  and  converter, 
+5  V,  ±5%,  0.65  watts  typical,  0.9  watts  max  is  required. 
"•No  Charge  Options.         .  ■  :  - 
Specifications  subject  to  chao^  without  notice. 
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For  more  than  twenty-five  years,  Analog  Devices  has  provided 
high-performance  solutions  to  signal  processing  problems.  This 
extensive  interaction  with  designers  of  leading-edge  signal  pro- 
cessing systems  forms  the  basis  for  continued  development  of 
new  signal  processing  products.  Today,  Analog  Devices  offers  a 
vride  range  of  programmable  DSP  processors  based  on  an  archi- 
tecture that  is  optimized  for  signal  processing.  Processors  range 
from  a  very  low  cost  fixed-point  microcomputer,  to  the  highest 
performance  IEEE-compatible  floating-point  microprocessor. 

Together  with  our  signal  processing  customers.  Analog  Devices 
has  created  the  industry's  first  family  of  Mixed-Si^oil 
Processors  (MSProcessors")  and  Mixed-Signal  Per^Qierals 
(MSFfcripherals™).  Mixed-Signal  Processors  combine  a  program- 
mable DSP  architecture  for  signal  processing  with  Analog 
Devices'  precision  signal  acquisidon  circuitry  to  provide  com- 
pact, low  cost,  high  performance,  single-chip  solutions.  Analog 
Devices  is  commtod  to  the  continuing  intention  ^  bfgh- 
performance  iiiBliawgpAMtai^l)»»«M  e0Sam»'§^' 
processcHTS.  " 

Future  MSProcessors  will  extend  the  pofiormance  o(  both  the 
agnal  acquisition  system  and  the  DSP  aigjne  to  ad^«ss  eme^- 
ing  applications  requirements.  What  applications  cati  you  ini%- 
ine  with  MSProcessors?  ^  i 


the  fivCfoUowiii^ 


in  parallel  fin  Fixed-  alBl  Floating- 


OPTIMIZED  DSP  ARCHITECTUBE 

Architectures  optimized  for 
requirements: 

Fast,  Flexible  Arithmetic 

•  Arithmetic  untet 
Point  fimulies 

•  Sinj^e-cyde  register  oontezt  switch  for  Fixed-  and  inoatio|^ 
Point  fimiilies 

•  Sepwate  input  and  output  registers  for  Fixed-Poii^  fiunily 

•  Goieral  purpose  register  file  for  IHoating-Point  fiuhily 

Hvtinrfpri  Dynamic  Range  of  Multiply/Accunmlate  ^ 

•  40-Bit  accumulator  for  Fixed-Point  family  ^' 

•  80-Bit  accumulator  for  Floating-Point  family 

Single-Cycle  Access  of  Dual  Operands 

•  Provides  single-cycle,  3-bus  petfotmance: 
—  next  instruction  fetch 

— 2  data  opprands 


Hardware  Circular  Buffer 

<t  Maintains  8  simultaneous  circular  buffers  fat  Wbifili^t^ 
ftmily 

•  Maintains  16  gimultaneons  drcular  |o£Ers  for  F^oiMa^iAtt 


fgmi^  ^ 

2ero-Overhead  Looping  and  Single-Cycle  ConMoqal  Branching 

•  Single-cycle  conditional  arUuaecic  tedugto  tat  and 
Floating-Point  famili^       j         ^  ^  ^ 

•  Stack  supports  4  levds  of  sKfied  loraasorj 

•  Stack  support  16  levels  of  nested  Wsps  for  Ftoadng-Pdkt 
family 

Analog  Devices  extends  the  optimized  DSP  architecture  to 
include  features  such  as:  ir  ^  I 

•  Auto  data  buffering  '  -  { 

•  Auto  boot  from  external  byte-wide  EPROM 

•  Auto  companding  of  ^ta  through  serial  port 


DSP  DEVELOPMENT  SUPPORT 

All  processors,  are  siipprated  with  a 
opment  tools  including: 


•  ANSI  C-Compiler 

•  Linker 

•  System  Builder 

•  Low  Cost  EZ-TOOLS 


I 


•  Assembler 

•  Simulator 

•  Demonstration  Board 

•  Ib-Gircuit  Emulators 

by:  ' 

•  DSPatch  Appliea^ilt 
Newsletter 

•  Applications  Library 

•  3-Day  Programming 


Applicalions  assistance  is  provided 

•  Expert  DSP  Staff 

•  Applications  Handbooks 

•  Applications  Assistance  Line 

•  Computer  Bulletin  Board 


For  more  information  on  our  DSP  products,  contact  local 
Analog  Devices  sales         or  authorized  distributor.  ]^  mar- 
keting information,  contact  DSP  marketing  (617)  461-fSSL  For 
applications  assistance,  contact  DSP  applications  (617>^J^3672. 
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Selection  Guide 

DSP  Processor  Key  Feature  Summary 


I  (V 


last 

Intemal 

Internal 

Internal 

8/16-Bit 

Off-Chip  Progtani 

Data 

Program  Program 

Hbtt 

On-Chm 

Low 

Hme 

Harvard 

Memory 

Memoiy 

Cache 

Memory  Serial  Interface 

Ptogiam  A/Dand 

Power 

Pin 

Package 

irujuCl 

at 

Arch 

RAM 

RAM  - 

rBoot 

timer 

D/A 

Intmnpts  Modes  Count 

0|!tiaiw*  1 

li^Ittt  FftViiil  F*in'iif 

• 

•  •  •  • 

ADSP-2100A 

80 

V 

16  X  24 

-  I 

4 

100 

PGA,  PQFP, 
CQFP 

ADSP-2101 

60 

2K  X  24 

IK  X  16 

V 

2 

V 

3 

68 

PGA,PUX 

ADSP-2102 

60 

2K  X  24^ 

IK  X  16 

2 

3 

68 

PGA,PLCC 

ADSP-2105 

100 

1KX24 

0.5K  X  16 

1 

V 

3 

68 

PLCC 

ADSP-21I)6 

100 

lKx24^ 

0.5K  X  16 

1 

V 

3 

68 

PLCC 

ADSP-2111 

60 

2K  X  24 

IK  X  16 

2 

3 

100 

PGA,  PQFP 

ADSP-2112 

60 

2K  X  24^ 

IK  X  16 

2 

3 

100 

PGA,  PQFP 

ADSP-21mspS0 

77 

2K  X  24 

IK  X  16 

.V 

w  . 

2 

..  .i  ■ 

V  ... 

3 

.2 

132/144  PqpP/PGA 

AD8P-211IUP51 

77 

2K  X  24^  & 

IK )«:  lil  ; 

2 

ii 

isi'W  P^<i(FGA 

2K  X  24  ROM 

32/40-Bit  Pbxamf-Pomt 

M3SP-2im 

40 

V 

32  X  48 

4 

1 

223 

PGA,PPGA 

NOTES 

'Pkdage  Opdom:  CQFP  -  Coamic  Quad  Flat  Pack;  PGA  =  Ceramic  Pin  Grid  Amy,  PLCC  =  Plaaric  Leaded  Chip  Canier;  PQFP  =  Plaatic  Quad  Flat  Pack;  PPGA  =  Plastic  Pin  Grid  Array. 
KAMAIOM. 
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Bus  Interface  &  Serial  I/O  Products 


THE  (iMACs  SERIES 

The  fiMAC  product  line  consists  of  data  acquisition  and  control 
front  ends  designed  for  use  in  industrial  applications.  The  sys- 
tems provide  signal  conditioning,  A/D  and  D/A  conversion  and 
control  capabihties  in  front  of  a  supervisory  computer  or  in  a 
stand-alone  configuration.  Two  general  groups  of  systems  are 
available:  inteUigoit,  fixed  function  t 
stand-alone  systems. 

Fised-Fonctioii  Front  Ends 

The  fixed  function  systems  are  the  ^.MAC-4000  and  the  (iiMAC- 
lOSO;  The  mJVIAC-4000  system  provides  Eolation  and  condition- 
ing of  signals,  A/D  and  D/A  conversion,  and  storage  of  data  (in 
engineering  units)  that  is  transferred  to  any  host  computer  upon 
onmmand  (via  RS-232  link).  The  |iiMAC-1050  offers  additional 
levds  of  functionality  such  as  minimnm/maxininn)  recording, 
local  alarming,  CAM  sequence  emulation,  configuration  stMage 
in  EEPROM,  ramping  of  analog  outputs,  and  other, features  (hat 
minimiw!  host  compata  MimeSsa.  The  iinit  also  ^p^iW% 
l(S-422/48S  port  for  nmlliAop  ooafiguntions.  j 

Software  driver  options  are  available  for  both  the  )iMAC-4000 
and  (iMAC-lOSO  to  proinde  a  high  level  language  interface  to 
tbe  units  as  well  as  suppon  fiom  bidustry  Standard  soft«nB»  - 
packages  sudi  as  FIX  DMACS,  Conttol  EG,  LABTECH 


nognmniable  Units 

The  programmable  (iJVIAC  units  are  the  )i,MAC-1060,  p.MAC- 
5000,  M,MAC-6000,  and  the  (iDCS-6000.  The  n-MAC-SOOO  and 
lJiMAC-6000  are  fiilly  programmable  in  (jiMACBASIC*  or  C 
(l|iAIAC-6000  only)  and  support  battery-backed  data  and  pro- 
grSm  storage,  hardware  watchdog  timers,  and  serial  communica- 
tioDS  for  Stand  akme  operation  or  custom  host  intet&ce. 

The  puMAC-1060  is  a  single  board  contraller  that  oflfers  uiqnece- 
dtnted  prke^ierfotmance  levds.  The  unit  is  ptogiammable  in  a 
£iat,  space  efficient  yemaa  of  C,  and  also  provide^,  a  watchdog 
timer,  battery-backed  memory,  and  up  to  diree  ^aai  ports. 

the  |xDCS-6000  provides  a  complete  solution  for  distributed 
process  monitoring  and  control  applications.  Based  on  the 
ItMAC-tiOOO  hardware,  the  system  becomes  a  powerful  control- 
k^%idi  embedded  FIX  DMACS*  software  from  Intellution 
fora  truly  "No  Progumuiiii^  Required"  distributed  control 
solution.  —  ■ 

ATI,  liAUU:  and  iiMACBASIC  are  ngjaterad  ttadoBaiki  of  Analog 
D«vice«,  Inc. 

*ASYST  is  a  trademark  of  ASYST  Software  Technologies,  Inc. 
Control  EG  is  a  trademark  of  Quinn-Curtis 

FS/2,  Micio  Channel,  PC  DOS,  IBM  PC,  PC/XT  and  PC  AT  are  trade- 
mute  of  latenuticnal  Business  Machines  Corporation 
LABTECH  NOTEBOOK  and  LABTECH  CONTROL  are  registered 
trademarte  of  Laboratory  Tedmcdogies  Corporation' 
MS-DOS,  QuickBASIC  and  Mictotoft  are  registeiied  trademarks  of 
Microsoft  Corporation 

MULTIBUS  is  a  tradcnuik  of  Intel  Corpoiation 
SNAPSHOT  STORAGE  SCOPE  is  a  trwiemaTk  of  HEM  Data 

Corporation 

THE  FIX  and  FIX  DMACS  are  trademarks  of  Intellutian,  Inc. 
TURBO  Pascal  and  TURBO  C  are  tradrmatks  of  Borland  International 
Owpuillnn  nil 

iriililiiii|ii  ii  1  mill  unit  iifilii  ntimiitlliililll  Inaliliili  iifTiil  liiiu 


THE  RTI®  SERIES 

The  RTI  Series  consists  of  analog  and  digital  input/ouqmt 
boards  that  are  compatible  widi  popular  nucroconqniter  bus 
standards  including: 

•  RTI-800  Series,      IBM  PC/XT/AT* 

•  RTI-200  Series,      IBM  PS/2,*  Micro  Channel*  Architectuie 

•  RTI-1200  Series,     STD  | 

•  RTI-600  Series,      VMEbus  ! 

•  RTI-700  Series,  MtTLTj^US* 

The  RTI  Series  are  families  of  boards  that  provide  a  wide  range 
of  fimctionality.  Each  board  can  operate  independently  or  can 
be  used  with  other  RTI  Series  boards  to  solve  an  application. 
Different  analog-to-digital  conversion  speeds,  resolutions,  input 
and  output  channel  capacities  and  configurations  are  available, 
allowing  customization  of  the  systems.  The  RTI  Series  is  typi- 
cally used  in  applications  whtie  the  computer  is  c^se  ts^  aem- 
sors  being  measured.  '  ~'  { 

I 

RTI  Software  \ 
The  RTI-200  Series,  RTl-800  Series  and  some  of  t 
Series  boards  are  supported  by  MS-DOS^  dtiwr  i 
provides  easy-to-use,  high-level  n}utiiies,|iv  ua 
ware  programs.  The  routines  can  be  cglffil  fixM  pa^itftK  Mtr 
guages  like  Microsoft*  BASIC  (Int^repl  and  Oa^^e^S, 
QuickBASIC,*  Borland  Intemationll  TURBO  Fudd*  m& 
TURBO  C* 

Industry  standard  data  acquisition  and  control  software  products 
like  LABTECH  NOTEBOOK,*  LABTECH  CONTROL,* 
ASYST*,  SNAPSHOT  STORAGE  SCOPE,*  Control  EG,* 
THE  FIX,*  UnkelScope*  and  others  support  nanyj  td  iSmWCl 
Series  boards.  I 

Signal  Conditioners  ^ 

The  tiMAC  and  RTI  products  can  be  used  with  signaltSndi- 
tioners  in  applications  that  require  conditioning  for  isolated  or 
nonisolated  signals.  The  3B  and  SB  Series  of  signal  conditioning 
modules  and  the  STB  family  of  analog  signal  conditionii^  pg$,' 
els  can  be  used  with  most  RTI  and  (jkMAC  products.  ' 
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Bus  Ifrterface  ft  Serial  I/O  Pretfa^  1^34  jj^^     |   |i  a- 

IBM  PC/m  I/O  Boaitis  ^     ^  ^ 


Model 

Fimctioii 

Analog 

Input 

Channels 

Analog  Ii 
Resolution 

put 

Max 
Throughput 
XT  AT 

Analo{ 

Analog 
Output 
Channels 

;  Output 
Resolution 

Digit 

Channels 

all/O 
Time-Related 

■J-       1  9mm 

Other  Features 

RTI-800 

RTI-80O-A 

RTI-80*F 

Analog  Input 
and  Digital  I/O 

16  SE/8  DI 
16  SE/8  DI 
16  SE/8  DI 

12-Bit 
12-Bit 
12-Bit 

31  kHz    27  kHz 
58  kHz    58  kHz 
91  kHz    58  kHz 

8  ln/8  Out 
8  In/8  Out 
8  In/8  Out 

3  Counter/Timers 
3  Counter/Timers 
3  Cotmter/Timers 

Analog  Input 
Expandable  to 
32  SE/16  DI 
PGA 

External  Digital '^l^er 

RTI-8024 
RTI-802-8 

Analog  Output 

4 
8 

12-Bit 
12-Bit 

Remote  Sensing 

RTI-815 

RTI-815-A 

RTI-815-F 

Multifunction 
Analog  and 
Digital  I/O 

16  SE/8  DI 
16  SE/8  DI 
16  SE/8  DI 

12-Bit 
12-Bit 
12-Bit 

31  kHz     27  kHz 
58  kHz    58  kHz 
91  kHz    58  kHz 

2 
2 
2 

12-Bit 
12-Bit 
12-Bit 

8  In/8  Out 
8  In/8  Out 
8  In/8  Out 

3  Counter/Timers 
3  Counter/Timers 
3  Counter/Timers 

Analog  Input 
Expandable  to 
32  SE/16  DI 
PGA 

External  Digital  Ti%ger 

RTl-817 

Digital  I/O 

Thiee  8-Bit  Ports 

External  Strobing' 
liiterrupts  on  Chan^ 
of  State 

RTI-820 

Modular 
Analog  and 
Digital  I/O 

Up  to  64 

12-Bit 

19  kHz    19  kHz 

Up  to  16 

12-Bit 

Three  8-Bit  Ports 

Interfaces  Directly  ^ 
Analog  Signal 
Conditioning  Panels; 
Slave  Microprocessor 
Controls  Aiaks 
Outputs 

R'fl-827 

Frequency  Input,  Event 
Counting,  Pulse  Output 

Three  Outputs 
One  4-Bit  Port 

S  CottOMTiniers 

Debounce  Circuitry  on 
on  Inputs 
External  Intenuiits 

RTI-850-F 

High  Resolution 
Analog  Input 

8DI 

16-Bit 
15-Bit 
14-Bit 

N/A       71  kHz 
N/A       76  kHz 
N/A        76  kHz 

On-Board  Memory 
Extensive  Analog  and 
Digital  Triggering 

RTI-860 

High  Speed 

Simultaneous  Analog  Input 

16  SE 

12-Bit 
8-Bit 

N/A        250  kHz 
N/A        330  kHz 

On  Board  Memory 
Extensive  Analog  and 
Digital  Triggering 

RTI-870 

1?ltaHi#l  Re^lution 

4DI 

22-Bit 

20  Hz 

Two  4-Bit  Ports 

STD  Bm  Compatible  I/O  Boards 


Analog  Devices 
Part  Numbo: 

RTI-1226 

RTI-1225 

RTI-1260 

RTI-1262 

RTI-1265 

RTI-U66 

RTI-1267 

RTI-1280 

(QHOS) 
RTI-1281 

Kn-tm 

Boaid  Type 

Input 

Input/Output 
Output 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Channel  Capacity 

Input 

(Single  Qided/ 
Differential) 
Output 

16/8 

16/8 
2 

32/16 

4 

64 

64 
16 

24 
Digital 

■»©■ 

16/8 

16/8 

,2 

,.4- or  8 

Input  Resoktion 

10  Bits 

• 

• 

C 

12  Bits 

• 

• 

• 

• 

• 

Output  Resolution 

8  Bits 
12  Bits 

• 

i 

t 

• 

• 

Additional  Features 
Progranurable  Gain  Ampliiica^n 
Single  +  5  V  Operation 

• 

• 

• 
• 

• 

• 

• 

• 
• 

• 
• 

• 

4-20  mA  Output 
Direct  Sensor  Interface 

Thermocouples,  RTDs 
IBM  PC  Software  Compatible 

• 

• 
• 

• 
•  - 

-•- 

• 

01 
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Bus  Interface  &  Serial  yo  Puducts 


IBM  PS/2  Micro  Channel  I/O  Boards 


Model 

Function 

Analog 

Input 

Channels 

Analog  Inpu 
Resolution 

t 

Max 
Throughput 

Analoi 

Analog 
Output 
Channels 

,  Ou^ut 
Resolution 

Digit 

Channels 

tall/O 
Time  Related 

Other 

Other  Features 

RTI-2W 

Low  Cost  Analog  Input 
and  Digital  I/O 

8  SE 

12-Bit 

19  kHz 

0 

N/A 

8  Bits 

2  CounterATimers 

Digital  Patton  Recognii 

RTI-205 

Low  Cost  Multifunction 
Analog  and  Digital  I/O 

8SE 

12-Bit 

19  kHz 

2 

12-Bit 

8  Bits 

2  Counterrfimers 

Digital  Pattern  Recognii 

RTI-217 

Digital  I/O 

0 

N/A 

N/A 

0 

N/A 

Four  8-Bit  Ports 

0 

Interrupt  on  Change  of 
External  Strobing  and 
Interrupt  Support 

RtI-220; 

'iffikj^l/p 

Up  to  64 

12-Bit' 

21  kHz 

Up  to  16 

12-Bit 

0 

-i 

0  " 

Interfaces  Directly  to 
Analog  Signal 
Conditioning  Panels; 
Slave  Microprocessor 
Controls  Analog 
Outputs 

lRTI-222 

Analog  Ou^t 

0  - 

N/A 

N/A 

Up  to  16 

12-Bit 

0 

1 

0  I 
i- 

Interfaces  Directly  to  Ar 
Signal  Conditioning  Pam 
Slave  Microprocessor  Co 
Analog  Outputs 

<:vHO?. 


» 


rrwoe) 

mi? 


VMEbus  Compatible  I/O  Boards 


Analog  Devices 
Part  Number 


Board  Type 


Input 

Input/Output 
Output 


C^annelCapnaty  Input 

(Single  Ended/ 
Differential) 
-  Output 


.IwutReijglyiian      10  Bits 
12  Bits 


Output  Retbhition    8  Bits 
12  Bits 


Additional  Features 

Programmable  Gain  Amplification 
■  ■  Single  +5  V  Operation 

4-20  mA  Output 

Direct  Sensor  Interface 
Thermocouples,  RTDs 


VMEbus 
RTI-600  RTI-«02 


32/16 


1^ 


i 

X 


Multibus  Compatible  I/O  Boards 


Analog  Devices 
FntNinnher 

RTI-711 

Multibus 
RTI-724 

RTI-732 

Boud  Type 

• 

• 

• 

Chaniid  opacity  Input 

(Single  Ended/ 
Differential) 
  -  Output 

32/16 

4 

32/16 
2 

IjWUf^Resolutkm      10  Bits 
12  Bits 

• 

• 

Olii^t  Resolution    8  ffits 
12  Bits 

• 

• 

Additional  Features         .  v  0  j.  i 
Programmable  Gain  Am^ffieiitat| 
Single  +5  V  Operation 
4-20  mA  Output 
Direct  Sensor  Intei&ce 
Thecmocduples,  RTDs 

• 
• 

• 

• 
• 
• 

t-  -     -  ,  ■  - 
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!  Bus  Interface  &  Serial  I/O  Products 


00 

S 


jjiMAC  Series 


jjlMAC-1050 

liMAC-4000 

|iMAC-5000 

liMAOmO 

|iOCS-6000 

Pragnundung 

Fixed  Fonctioii 
(PC  Programming 
in  C,  Basic  Pascal, 
3rd  Party  Packages) 

c 

FIXDMA<^ 

Max  RAM 

N/A 

N/A 

128K 

2S6K 

512K 

256K 

#  Comm  Ports 

■■     !  1 

Serial 

1 

1 

a 

3 

3  max 

3 

IEEE-488 

None 

None 

None 

1 

None 

For  Es^jansion  Only  • 

Max  I/O  Points 

 \ — =  

m 

1     •     r    *     1  • 

«•     1          1  • 

AIO 

48  AIN,  10  AOT 

48  AIN,  32  AOT 

100+* 

350+*M'^'n-.'.ii;  , 

64  AIN,  32  AOT 

1000+ 

DIO 

64 

272 

304 

1024 

128 

4000+ 

Resolution  (Bits) 

18  Bits 

BBitfS 

11/14  Bits 

12/14  Bits 

13-18  Bits 

12/14  Bits  . 

I^ytaAccjiiisitiQii 
Sto  per  Oumnel 

20 

15 

50/25 

2800/1400  (C) 

400^ 

10         1  1 

*Input/Output  capability  depends  on  configuration. 

 1  

J, .,      '  .jT- 

1 

V-  "■'  .-.  ■ 
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Mixed-Signal 
Application  Specific  Integrated  Circuits 


Analog  Devices  offers  a  fiill  spectmm  of  signal  cbndidoning 
and  cmvEision  capabilities  in  mixed-signal  application  spediic 
integrated  drcuits  (ASICs).  These  cbip-lewl  sysienscPfa  imple- 
ment combined  anatog/digital  designs  witli  10-  tct>14^t  accuracy 
and  12-  to  20-bit  resolution  that  formerly  reqiiited'boatd-iMcl 
solutions.  Combined  with  our  general  purpose  t>STltoltt       .'  ' 
the  ADSP-2100  and  APSP-210Q0  fm^ta^mJMIOi  m 
provide  cusim  Vn»idli|l  mMw  ii»  jtuel  tiM^ 
lequirements. 

Analog  Devices  can  incorporate  most  of  the  functions  of  its  stan- 
dard n]onoIithie4ineK  and  coDverter  pans  in  full-custom  and— 
semicustom  ICs.  Full-custom  parts  optimize  perforbiance  and 
space  requimrientSf  while,  cell-based  semicustom  parts  reduce-- 
development  time'alld:«ngineering  expense.  Development  cota 
can  be  cut  Auther  by  tailoring  a  predefined  system-on-a-chip 
Imown  as  a  Linear  System  Macro  to  your  application. 

Analog's  experienced  design  engineers  work  with  powerful 
computerraided  design  tools  to  design  and  lay  out  your  circuit. 
Design  centers  are  currently  in  Massachusetts,  England  and 
Ireland. 

Midtipfe'  locations  for  fabrication,  assembly  and  testing  ensure  a 
ready  sujqily  of  production  parts.  Products  can  be  processed  in 
oiu:  MIL-38S 10  certified  fadlities. 

DESIGN  EXAMPLES 

Analog  Devices  has  created  a  variety  of  customer-specific  and 
function-specific  ASIC  parts.  Described  here  are  three  Linear 
System  Macros,  a  custom  chipset  and  a  semicustom  chip. 

AD750O4  Quad  DAC 

This  circuit  contains  four  separate  12-bit  D/A  converters  with 
amplifiers  for  voltage  output  and  an  on-board  reference.  Double- 
buffering  latches  interface  with  an  8-bit  parallel  bus  and  permit 
updating  of  all  four  channels  individually  or  simultaneously. 
Outputs  swing  ±5  V,  drive  ±5  mA,  and  settle  within  4  p,s. 


ifw  >nsr,  r 


AO75004  QUAD  DAC 


r\t^  'input 

LATCHES 


^  AD75004 

VOLTAGE 
REFERENCE 

"input  DAC 
LATCHES  LATCHES 

10k 

03  d 
D0< 


TTL 
INPUTS 
S-BIT 
BUS 


S  OR  AS  «2  Al  AO 


AD75068  Octal  Programmable  Gain  Amplifier 
The  AD7S068  contains  eight  programmable  gain  amplifiers 
(PGAs).  Eadi  is  complete,  includinA#'V^'4sisn>r  nenra^  aiMl 
gain  programming  latch,  and  requirawiniw  i  II  piiil  esm^mustss. 
Each  channel  may  be  indepeddedtiyi^AfKMBnied  for  tsSutVcom 
t  to  128.  A  unique  circuit  de^lffiEBIEaBieteataiit  2 
bondwilth  at  all  gains  and  offers  very  low  phase  shift;  ibe  WGAt 
also  feature  low  input  bias  current  (<4  pA). 

AD75068  OCTAL  PROGRAMMABLE  GAIN  AMPtlFIEII 

VDD1    VDD2    VSS1  VSS2 


I  VINO 
VIM1 
VIN2 
VIN3 
VIN4 
VINS 
VIN6 
VIN7 


GO  I 
G1  ' 
Q2  ( 
AO  ( 
A1 
A2 
WR  I 

, ; 


r-TTT 


OCTAL 
LATCH 


ONE  OF  EIGHT  PGA 
CHANNELS  SHOWN 


tfiA  IAa 
EMA  <iJtl^      MA  •^kQ 

AD7g 


iVOUTO 
VOUT1 
V0UT2 
V0UT3 
VOUT4 
V0UT9 

>AGNDO 
}  AGND1 
>AGND2 

>agSid4 

>  AGND5 
}  AGND6 

>  AGND7 


DGND 


Derivative  Circuits 

The  circuits  outlined  above  can  be  modified  to  suit  a  specific 
customer's  application.  For  example,  the  AD75004  quad  DAC 
could  be  expanded  to  6  channels,  each  of  which  may  have 
separate  reference  inputs.  The  AD75068  could  be  configured  to 
include  filtering.  These  modifi$;^tions,  wbsD  ba^  on  standard 
library  cells,  can  provide  HM^tioii  OtOSt'dAl^yte^ciivtr  sefiii- 
custom  solution. 

Modem  Chipset 

Library  cells  can  be  combined  to  form  macro  building  blocks 
for  high  speed  modems.  This  two-chip  design  concept  filters 
and  converts  data  to  interface  an  Analog  Devices  digital  signal 
processor  with  the  analog  circuitry  of  a  9600-baud  modem.  On 
one  chip,  the  received  signal  passes  through  an  antialiasing  fil- 
ter, sample-and-hold,  12-bit  A/D  converter,  8th-order  digital 
filter  and  decimation.  On  the  other  chip,  transmit  data  is  8  x 
oversampled,  then  goes  to  an  ^-^iCTjSIf^j  a_^l(27bit  DAC  imd. 
an  active  reconstruction  filter.  " 

AD79015  Low  Level  DAS  '  ' 

This  circuit  is  a  complete  data  acquisition  system  for  low  level 
signals  (e.g.,  ECG  and  EEG)  with  a  throughput  of  10,000  sam- 
ples per  second.  It  pto<rides  high  accuracy,  high  stability  and 
functional  conipleteness  in  a  small  28-pin  PLCC  package.  It  in- 
cludes a  high  perfomumce  instrumentation  amp,  low-pass  old 
band-pass  filters,  and  a  12-bit  ADC  with  oi>-cbijii^i^n»Gfe  ^It 
also  includes  a  fast  8/12-bit  sajpl  port  to  uitey|iiie.to  maK  nd- 
croproce^r  s^tems.  '  .  ,    .  j  ■ 


HIGH  SPEED  MODEM  CHIPSET 


2ND  •  ORDER 

RC  ANTI- 
ALIAS  FILTER 


12  BIT  FAST 
SUCCESSIVE 
APPROX. 
ADC 


8TH  -  ORDER  IIR 
3.SkHz  LOW -PASS 
DiQITALnLTER 


X  1/8 
DECI- 
MATION 

ADSP-2101 

OR 
ADSP-2111 

BURIED 
ZENER 
REFERENCE 


RECEIVE  ( 


RC 
RECON- 
STRUCTION 


TRANSMIT  CHIP 


12 -BIT 

8TH  -  ORDER 
DIGITAL 
FILTER 

xi/e 

OVER- 
SAMPLING 

ADSP-2101 

OR 
ADSP-2111 

DAC 

AD79015  LOW-LEVEL  DAS 


DAO  AAB      AAO  ABIS  ABO  AFI  AFO 

■oo^— — oo^  <?-<?-<?■ 
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PROGRAM 
GAIN 


HIGH  PERFORMANCE  PROCESSES 

Analog  Devices'  semicustom  and  custom  circuits  are  fabricated 
using  the  same  high  performance  processes  as  our  standard- 
product  ICs.  These  mixed  bipolar-CMOS  processes  include  thin- 
film  resistors  which  may  be  laser  trimmed  for  precise  matching 
and  provide  stable  performance  over  a  wide  temperature  range. 

The  ABCMOS,  BiMOS  II,  and  Linear  Compatible  CMOS 

(LC^MOS)  processes  combine  bipolar  and  CMOS  devices  on 
one  chip.  Functional  density  is  an  order  of  magnitude  greater 
than  previous  mixed-signal  processes;  over  40,000  devices  can  be 
placed  on  a  single  chip.  Bipolar  transistors  provide  low  noise, 
low  offset  input  stages  and  moderate  power  output  stages.  The 
CMOS  devices  offer  high  input  impedance,  and  make  dense 
logic  and  analog  switches  for  data  conveners,  multiplexers  and 


switched-oqwdtor  filters.  LC^MOS  also  provides  a  JFET 
for  very-  low  noise  ampli&rs,  and  a  kniMioise  buried-Zener 
reference.  ABCMOS  rqiresents  the  next  goiwation  in  a  cem-  ■ 
hined  '^>9MCM0§  ^qeiess  for,  wjarcii-nignijl  ii^licatiorK. 

The' bipolar-CMOS  processes  operate  on  supply  voltages  ranging 
from  single  -fS  V  to  split  ±1SV,  with  signal  levels  ranging  from 
single-ended  +3  V  to  ±  10  V.  These  processes  are  ideally  suited 
for  applications  in  avionics,  instnmientatfon,  industrial  automa-' 
tion,  computers  and  peripherals,  and  telecommunications. 

The  following  table  summarizes  the  processes  available  for  de- 
signing ASICs.  Other  processes  in  development  will  offer  even 
higbejr  speed,  denser  logijc  and  h^er  imgpra^g  of  aiialogand 

CELL  LIBRARIES 

Cell  libraries  for  the  bipolar/CMOS  processes  are  described  be- 
low. These  libraries  are  growing  with  the  development  of  new 
processes,  macrocells  and  cells.  Many  new  catalog  parts  will  also 
be  available  as  cells.  Your  local  sales  office  can  give  you  current 
information  on  the  cell  libraries  and  available  Linear  System 
Macros. 

Operational  amplifiers  are  available  in  bipolar,  JFET  and  CMOS 
configurations.  Representative  bipolar  op  amp  cells  have  perfor- 
m^n^  characteristics  similar  to  an  AD  OP-27  and  a  slew- 
enhanced  AD741.  The  LC^MOS  process  offers  JFET  op  amps, 
including  an  AD7I1  equivalent. 

Instrumentation  amplifiers  with  performance  comparable  to  the 
AD521  and  AD524  are  available.  Linear  comparators  have  re- 
sponse times  down  to  100  nanoseconds  and  strobed  comparators 
have  setup/access  times  down  to  SO  nanoseconds. 


ANALOG  DEVICES  HIGH  PERFORMANCE  BiCMOS 


COB  ASICS 


Process  Power  Signal  Featnres 

ABCMOS  -^5  V  to  ±5  V  -H3  V  to  ±3  V  Fine  Geomeoaes;  Doi^  Metal, 

,BiMOSn  ±SV»±12V  ±3Vto±10V  Double  Meld 

LC^MOS  -l-S  V  to  ±15  V  -1-3  V  to  ±  10  V  JFET,  Zenw 

Ld'MiOS2  -1-5 Via  ±5  V  -1-3  V  to  ±3  V  Fine Geomi»xies;  FolSF-Foly  Civocin>n>  JFET, Zoier 


Digital-to-analog  converters  range  in  resolution  from  8  to  16 
bits,  and  include  cells  similar  to  the  AD667  and  AD1856.  ; 
Analog- to-digital  converters  vaiy  from  8  to  16  bits  in  resolutjOilj 

md  indvide  cells  equivalent  to  the  AD7871  and  AD674. 

.  !•  ■  -  fi-       ■  /.:-  ..         ■     .■■    ■  '  ■'v:    .  -  ■.  ■      ■  ■■ 

Support  cells  include  sample-and-bold  ampliiiecs  with  perfor- 
mance comparable  to  the  ADS8S,  low-voltage  bandgap  refer- 
ences comparable  to  the  ADS84,  and  low-noise  buried  Zener 
references. 

RC  active  filters  and  programmable  switched-capacitor  filters  are 

available  with  specifications  in  these  ranges: 
Topology:  all  classical  filter  types     '-  •  0'<c;3*i     '•  'i'-^l.  >^ 
Frequency  Range:  200  Hz  to  20  kHz  (switched-ca^  or 
100  Hz  to  1  MHz  (RC)  '  i*:>»<OTjoo 

Number  of  Sections:  up  to  lOth-order  (switched-SM*)       ..m  . 

or  4th-order  (RC)  ' 
Signal/Noise  and  THD:  >75  dB,  compatible  with^  -  t  . 

12-bit  data  acquisition. 

Logic  cells  include  gates,  counters,  registers,  microsequencer, 
PLA,  RAM  and  ROM.  Interface  wOls  include  8-bit  and  16-bit 
parallel  I/O  ports  as  weB  W  sjrat^iwnas  serial  ports  and 
UARTs. 

COMPUTER-AIDED  DESIGN  TOOLS 

Designing  a  high  performance  mixed-signal  IC  is  inherently 
more  difficult  than  designing  a  gate  array.  The  variety  of  analog 
and  digital  functions  requires  a  cell-based  approach.  However, 
the  use  of  powerful  tools  gives  high  confidence  of  functionality 
at  first  silicon  through  thorough  simulation  and  layout  verifica- 
tion. Complete  computer-generated  documentation  of  all  sche- 
matics and  analog  and  logic  simulation  waveforms  permits 
thorough  evaluation  of  Analog's  design  by  your  design  staff  be- 
fore signoff  for  final  layout  and  fabrication. 

The  overall  work  flow  through  the  CAD  environment  follows. 
Key  to  meeting  the  special  challenges  of  mixed  analog/digital 
circuitry  are  the  simulation  and  auto-layout  tools,  and  the  unifi- 
cation of  design  and  layout  information  in  a  single  database. 
Analog  Devices  has  developed  a  suite  of  proprietary  computer- 
aided  design  tools,  called  JANUS™,  to  address  these  issues  and 
to  implement  turn-key  designs. 

The  JANUS  schematic  editor  offers  numerous  time-saving  tech- 
niques and  provides  for  specification  of  such  data  as  wire 
widths,  routing  layers  and  routing  priorities.  It  antomatinilly 
generates  a  net  list  used  by  subsequent  tools. 

Analog  uses  several  simulators,  including  electrical,  logic  and 
behavioral  types.  ADICE,  a  proprietary  enhanced  version  of  the 
SPICE  electrical  simulator,  gives  precision  simulation  of  critical 
analog  sections.  It  uses  Newton-Raphson  methods  to  iteratively 
solve  nonlinear  time-dependent  simultaneous  differential  equa- 
tions. It  is  efficient  for  circuits  up  to  about  250  active  devices 
and  is  used  for  the  frequency  domain  or  transient  analysis  of 
analog  cells  such  as  op  amps,  or  sensitive  digital  cells  such  as 
dynamic  RAM. 


COMPUTEil-MDED  DESIGK^f^l^ 


SIMULATOR 


SCHEMATIC 
ERROR 


L06IC 
IHUU^OB 


SWITCHED  -  CAP 
FILTER  SIMULATOR 


PARAMETER 


BLOCK  PLACE 

AND  ROUTE 


DESIGN 
DATA 


LAYOUT 
DATA 


VERIFICATION 


DESIGN 
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CHECK 


LAYOUT 
EDITOR 


PG 
TAPE 


'    vobfl  t-j',  H  •<^r--- 

Event-driven  simulators  handle  larger  cira^,'<w&h  thousands  o? 
devices,  and  are  typically  used  to  simulate  logic.  The  JANUS 
mixed-signal  simulator  combines  an  event-driven  simulator  with  ■ 
Newton-Raphson  methods.  It  dynamically  partitions  the  circuit  ^ 
to  apply  the  faster  event-driven  techniques  where  possible,  and 
the  matrix  methods  where  necessary.  It  also  dynamically  sizes 
the  matrix  and  time  steps  to  speed  simulation  further.  The  sim- 
ulator can  operate  at  the  transistor  level  or  use  behavioral  mod- 
els, or  both  at  the  same  time,  aUo«n)e«Mfr«K('i)^n<iH>'^'''^ 
accuracy  and  speed.  '  ■ 

For  layout,  the  challenge  is  to  increase  automation  while  accom- 
modating the  layout  sensitivity  of  analog  circuitry.  Device  gener- 
ators exist  for  the  fuU  range  of  active  and  passive  devices 
available  in  the  technology  to  automatically  create  a  physical 
representation  of  the  circuit  schematic.  This  layout  may  be  i^tir 
mized  through  conventional  interactive  polygon-pushing. 

The  JANUS  routing  editor  is  driven  by  the  coimectivity  of  the 
schematics,  but  allows  great  freedom  to  manually  control  the 
routing  of  critical  analog  signal  paths  or  power/groimd  lines 
while  autorouting  noncritical  nets  and  spacing  the  layout  to 
achieve  automatic  enforcement  of  layout  rules.  The  JANUS 
routing  editor  uses  up  to  three  intercoimect  levels,  and  will  au- 
tomatically expand  and  compact  placement  as  necessary  K) 
achieve  100%  routing. 

Finally,  industry-standard  layout  verification  tools  assure  con- 
formance of  the  layout  to  both  the  schematic  and  design  rules  to 
give  high  confidence  of  functionality  in  first  silicon.  The  CAD 
tool  suite  commimicates  via  industry-standard  stream  formats  to 
external  databasei  and  pattern  generatois. 


JANUS  is  a  trademark  of  Analog  Dences,  Inc. 


/APPLICATION  SPECIFIC  IC?  .8^3 


TEST  AND  TRIM 

Analog  Devices  has  over  20  years  of  experience  in  testing  com- 
plex circuits  and  manufactures  commercial  test  systems  for  pte- 
dsion  linear  ICs.  In  each  fabrication  facility,  a  computer 
"wtwork  int^rates  Ana)og  Devices,  H-P,  Taadyae  and  LTX 
■  test  equitnnent.  The  design,  wafer  probe  and  t^t  am^^stoe  . 
i^data  on  the  nentark  for  slatutieBl'iimalysis  and  device  modijing^l 

All  Analog  Devices  ASICs  are  tested  at  the  wafer  level,  and 
'most  are  laser-wafer  trimmed  ta  adueve  high  accuracy.  Unt- 

rimmed  thin-film  resistors  match  within  1%  to  0.1%,  depending 
'  on  area.  Triinmed  resistors  can  match  to  better  than  0.01%. 

Wafers  may  be  laser  drift  trimmed  with  a  liot-chudk  probe  to 

minimize  the  effects  of  tenqieiatuie  on  aci^iiracy. 

After  packaging,  all  parts  are  to  assure  that  they  meet 
guaranteed  spedficatipiis.  Environmental  handlers  can  verify 
parts  at  multiple  mugmnMek  fWBI^  Is  performed  as  specified 
by  the  eu8tomer>/^ 


PROGRAM  RESPONSIBILITIES  AND  INTERFACES 

The  following  figure  shows  the  major  phases  in  developing  an 
ASIC  and  responsibilities  during  each  phase.  The  overall  devdr 
opment  time  depends  on  the  complexity  of  the  circuit  and  on 
how  custom  the  design  is. 

Youir  ,^\DilQg  pev»^  Sate.  Engineer  is  yqur  first  interface  for 
ASIC  (levdopment.  Yoiir  lo^  sties  office  can  provide  further 
information  on  Analog  Devices'  custom/semicustom  capabilities. 

PROGRAM  RESPONSIBIUTIES  AND  INTERFAGES 

CUSTOIIER        JOINT  CUSTOMER/ADI    ANALOG  DEVICES 


GENERATE  DESIGN. 
TEST  AND 
RELMSIUTY 


EXECUTE 
NONDISCLOSURE 
AOREEMENT 


GENERATE 
DETAILED 
CIRCUIT  DESIGN 


fACXJl&SG 

Abalog  Devices  ICs  are  available  in  most  modem  package 
Qrpes,  including  high  pin-count  and  sur&ce  mount  varieties. 
ASICs  may  be  assembled  in  any  of  Analog  Devices'  standard 
packages,  listed  below.  This  list  is  constantly  expanded  and 
qdier  packages  may  be       if  th^'      suitable  for  high  perfor- 
mance ^plications.  , 

Ajfoilahlr  Packages  :  n 

Pin  Grid  Array  (PGA):  68  to  144  pins  r 
Leaded  Cetamic  Oup  Carrier  (Ij3qQ:;44#iis  r 
Plastic  Quad  Flat  PKk  CPQFP):  44jtD;  132  trins.. :'  r 
Plastic  I^edaiipCanier(PljGq):>2at|»i8- pirn'  : 
Plastic  Dual  Inline  Package  a>IP):  M  to  Mpii»i  »  > 
Side-Brazed  DIP:  14  to  64  pins  .  ^^.-  ^  ' 

Frit-Seal  DIP  (Cerdip):  14  to  40  pins  :  .  )i 

SmaU  Outline  (SO);  14  to  28  pins 
Ceimrifc  Quad  pfet  Pgdk^ 


CREATE  NEW 
CELLS  IF  NEEUEO 


REVIEW  DESIGN 


J 


LAVmjT  ' 
aRCUITr 


OENERATE 
ilBT  PROGRAM 


J 


LAYOUT  AND  TEST 
'FHOOIMM 


FABRICATE 
MASKS 


I  EVAUMTI 


FABRICATE 
AND  ASSEMBLE 
PROTOTYPES 


pnooucnoNumB 
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Power  Supplies 

Modidac JIG/DC  Power  Supplies 


GENERAL  DESeUBUKHVr    r       i  v  r 
Analog  Devices  aSas  a  broad  line  of  modular  ac/dc  power  sup- 
^es  that  ptot^dr  bodi  OEMs  and  designii^  a  trliable,  easy  to 
low-cost  soltaion  to  their  power  requirenients.  Models  are 
available  in  PC  mountable  and  chassis  mountable  designs  with 
5  volt  to  15  volt  (single,  dual,  triple)  outputs  and  current  ratings 
from  25  mA  to  5  amps.  Since  these  modular  suppUes  are  fully 
encapsulated,  no  trimming  or  external  component  selection  is 
necessary;  simply  mount  the  imit,  connect  power  and  output 
leads,  and  you're  on  the  air!  Most  Analog  Devices'  power  sup- 
plies are  available  from  stock  in  both  large  and  small  quantities 
with  substantial  discounts  being  applied  to  large  quantity  orders. 

AC/DC  POWER  SUPPLY  FEATURES 

•  Current  Limit  Short  Circuit  Protection 

•  PC  Moimted  and  Chassis  Mounted  Versions 

•  Sis^t  (^-5  V),  Dual  (±  12  V,  ±  15  V),  and  Triple  r 
,!  (±15  V/+5  V,  ±15  V/+1  V  to  +15  V)  Output  Supplies 

•  Current  Outputs: 

25  mA  to  1000  mA  for  Dual  and  Triple  Output  Supplies 
250  mA  to  5000  mA  for  Single  Output  Supplies..  . 

•  Wide  Input  Voltage  Range 

•  Low  Output  Ripple  and  Noise  '  '  -Ajp^nH 

•  Excellent  Line  &  Load  Regulation  Characteristics   ■ '  urinl 

•  High  TemperatoiierStabilily  ,  !  -  >  ' 

•  Free-Air  Convection  Cooling;  No  External  Heat  Sink  Required 

.  lO  Wt'  »l' 

lilt  V>  W?^ 


GENERAL  SPECIFICA'nONS 

Power  Reqakemaits 
Input  Voltage  Range: 
Frequency: 

Electrical  Specifications 
Temperature  Cbeftident: 
Output  Voltage  Accuracy 


.'<.ilTT3ti' 

105  V  ac  to  125  V  ac 
50  Hz  to  250  Hz 


ShBttfCSiciat"'Ptatei.iiBn.^ '  - 


If  ..        it  u  'J  J  I  ■  •-  ■ 
;  >.»A3  nasatt)!'/:.  . 
'•■rwo  amw  ai  ,t.-  ■ 
;.' .r,h  tuqni  bote-: 
.-'■■liK'ni  ma  ran-  -u 

Enviranmoital  Reqidi8meMirL'<^ 
Operating  Temperature 
Range: 


0.02%/°C 
±2%,  mix 

See<S^ti^Bitf»«)Table  • 

ifm  ac/di:  '{knreftUpplies 
employ  current  limiting.  They '^'I 
can  withstand  substantial  i^oM 
overload  including  direct 
short.  Prolonged  operattoaj^sto^ 

should  be  JMteS  pSSi  i«  ri*!** 
«ces?ive,|RPS^Mjf!(^8!e|B?,^i» 


!         to  -H7i°c 


(luimairO 


SPECIFICATIONS  -  Typical  @  +25°C  and  1 15  V  ac  60  Hz  unless  otherwise  noted* 
Output     Output      Line  Reg. 
Voltage    Current  max 
Type       Model    Volts       mA  % 


Load  Reg.     Output         Ripple  & 
max  Voltage        Noise  Dimensions 

%  Error  max     mV  rms  max  Inches 


Output 


904 
902 

920 

«25 
921 


±15 

±15 

±15 

±15 

±15 
±12 


t50 


0.02 


tlOO  0.02 

:  1:1"  alHo  «Mil<ii;  ? 

blOO  OM 


±200 


t350 
t240 


0.02 


0.02 
0.02 


0.02 

0.02 

0.02 

0.02 

0.02 
0.02 


±200  mV 
-OmV 
+300  mV 
-OmV 
+300  mV 
-0  mV 
+  300  mV 
-0  mV 
±1% 
+300  mV 
-OmV 


0.5 
0.5 
0.5 

0.5 

0.5. 
0.5 


3.5x2.5x0.875 

3.5x2.5x1.25 

3.5k2.5xO.»7S 

3.5x2.5x1.25 

3.5x2.5x1.62 
3.5x2.5x1.25 


•ii;.>an<; 


Single  922  5 
Output    92g  5 


1000  0.02 
2000  0.02 
3000  0.05 


0.05 
0.05 
O.IO 


tl% 
tl% 
±2% 


1 
1 

5(typ) 


3.5x2.5x1.25 
3.5x2.5x1.62 
3.5x2.5x1.25 


923        ±15  ±100  0.02  0.02 

Triple                 +5  500  0.02  0.05 

Oatput    927        ±15  ±150  0.02  0.02 

+5  1000  0.02  0.10 


£1% 
£1% 
1:2% 
±2% 


0.5 
0.5 

0.5  (typ) 
1.0  (typ) 


3.5x2.5x1.25 
3.5x2.5x1.62 


952  ±15 

Dual       970  ±15 

Output    973  ±15 

975  ±15 


±100  0.05 

±200  0.05 

±350  0.05 

±500  0.05 


0.05 
0.05 
0.05 
0.05 


t2% 
£2% 
£2% 
£2% 


4.4x2.7x1.45 
4.4x2.7x1.45 
4.4x2.7x2.00 
4.4x2.7x2.00 


Siagle 


955  5 

976  5 

977  5 


1000  0.05 
3000  0.05 
5000  0.05 


0.15 
0.10 
0.10 


£2% 
±2% 


2 

5  (typ) 
5  (typ) 


4.4x2.7x1.45 

4.75x2.7x1.45 

4.75x2.7x1.45 


Triple  'SUN"  "Wifr '  ^  *150  -0.02 
Output  +5  1000  0.02 


0.02 
0.10 


£2% 
£2% 


0.5  (typ) 
1.0  (typ) 


4.75x2.7x1.45 


^Consult  Analog  Devices  Power  Supplies  Cmlog  fait- 
Spedficalions  subject  to  change  without  notice. 


Power  Supplies 

Modular  DC/DQ  Converters 

GENERAL  SPECIFICATIONS  FOR  1  W  AND 
1.8  W  MODELS 

Line  Regulation  -  Full  Range:  ±0.3%  (±1%  max,  949) 
Load  Regulation  -  No  Load  to  Full  Load:  ±0.4%  (±0.5%  max, 
949) 

Output  Noise  and  Ripple:  20  mV  p-p  (with  15  p,F  tantaliun 

capacitor  across  each  output)  2  mV  rms  max,  949) 
Breakdown  Voltage:  300  V  dc  min  (500  V  de  min,  949) 
Input  Filter  Type:  ir  .  • 

Operating  Temperature  Range:  -25°C  to  +71"'C  .  v; 

Storage  Temperature  Range:  -40°C  to  +125°e  (+10(PC,  949)  ■ 
Fusing:  If  input  fusing  is  desired,  we  reaBnmend  . die  use  of  a  ' 
slow  blow  type  fiise  that  is  rated  at  1SO%-200%  of  the 
dc/dc  coDvexter's'  Siff  lend  btpat  cisiriax.  •  ':< '  rV  ~  '  J . '  h 

GENERAL  SPECai«^XIONS  FOR  4i&W,-«  W  Aiay''.   "  • 
12  WMODELSr  .  ■     -  ■        ,V  i;     iKuvf  ,         ■  >.  ■  " 
Line  Regulatiaa-HiKall  lUitge:  ±0.(i9i^Ailii£K$9.M  taax,  9S1, 
960  Series)  (±0.1%  max,  943)  <  i 

Load  Regolatian^  No  Lo^ 'to-Full' Load:  :i!0j07%  max  " 

(±0.02%  max,  9S1,  960  Series)  (±0.mme^mi) 
Output  Noise  and  Ripple:  1  mV  rms  msof 
Breakdown  Voltage:  500  V  dc  min 
Input  Filter  Type:  ir 

Operating  Temperature  Range:  -25°C  to  +71°C 
Storage  Temperature  Range:  -AOTC  to  +125°C 
Fusing:  If  input  fusing  is  desired,  we  recommend  the  use  of  a 
slow  blow  type  fuse  that  is  rated  at  150%-200%  of  the 
dc/dc  converter's  full  load  input  current. 

Sin,      ici..-.  .'■ 

li  jf-jn  llo'/     .  •M-'-f 

.  ,  "        .-^  -  "  L:;a  j. 


SPECIFICATIONS  -  Typical  @  +2S°C  at  nominal  input  voltage  unless  otherwise  noted* 
Oo^Nit     Output     Inpat.      VjOliage     Ii^nt         O^nt  Jfcnvu 


On^Nit 

Output 

bipnt. 

O^^npt 

Efficiency 

Vohase 

CuTfent 

Voltage 

Range 

Cunent 

Voltage 

Coefficient 

Full  Load 

Difflemioiis 

Model 

VolU 

mA 

Volts 

Volts 

FuU  Load 

Error  max 

/°C  max 

min 

Inches 

943 

5 

1000 

5 

4.75/5.25 

1.52A 

±1% 

±0.02% 

62% 

2.0x2.0x0.38 

958 

5 

100 

5 

4.5/5.5 

200  mA 

±5% 

±0.01%  (typ) 

50% 

1.25x0.8x0.4 

941 

±12 

±150 

5 

4.75/5.25 

1.17A 

±1% 

±0.01% 

58% 

2.0x2.0x0.38 

960 

±12 

±40 

5 

4.5/5.5 

384  mA 

±5% 

±0.01%  (typ) 

50% 

1.25x0.8x0.4 

962 

±15 

±33 

5 

4.5/5.5 

396  mA 

±5% 

±0.01%  (typ) 

50% 

1.25x0.8x0.4 

964 

±15 

±33 

12 

10.8/13.2 

165  mA 

±5% 

±0.01%  (typ) 

50% 

1.25x0.8x0.4 

965 

±15 

±190 

5 

4.65/5.5 

1.7  A 

±1% 

±0.005%  (typ) 

62%  (typ) 

2.0x2.0x0.38 

966 

±15 

±190 

12 

11.2/13.2 

710  mA 

±1% 

±0.005%  (typ) 

62%  (typ) 

2.0>$2.0x0.38 

%7 

±15 

±190 

24 

22.3/26.4 

350  mA 

±1% 

±0.005%.(typ) 

62%  (typ) 

2.0x2.0x0.38 

949 

±15 

±60** 

5 

4.65/5.5 

0.6  A 

±2% 

+0.03% 

58% 

2.0x1.0x0.375 

940 

±15 

±150 

5 

4.75/5.25 

1.35  A 

±m 

±0.01%  . 

62% 

2.0x2.0x0.38 

953 

±15 

±150 

12 

11/13 

0.6  A 

±0^% 

±0.01% 

62% 

2.0x2.0x0.38 

945 

±15 

±150 

28 

23/31 

250  mA, 

±0.5% 

±0.01% 

61% 

2.0x2.0x0.38 

951 

±15 

±410 

5 

4.65/5.5 

3.7  A  , 

±0.5% 

,±«.01% 

62% 

3.5x2.5x0.88 

hfOTES 

'Modeb  940  and  941  will  deliver  up  to  120  mA  output  current  (and  Model  943  will  deliver  up  to  600  mA)  over  an  input  voltage-j^iiae  of  4.65  V  dc 

and  S.S  V  dc. 

^Consult  Analog  Devices  Power  Supplies  Catalog  for  additional  infomution. 

■9^  OTiMfts^fiMiifei 


GENERAL  DESCRIPTION 

Analog  Devices'  line  of  compact  dc/dc  converters  offers  system 
designers  a  means  of  supplying  a  reliable,  easy  to  use,  low  cost 
solution  to  a  variety  of  floating  (analog  and  digital)  power  appli- 
cations. These  devices  provide  high  accuracy,  short  circuit  pro- 
tected, regulated  outputs  with  very  low  output  noise  and  ripple 
characteristics. 

Fourteen  models  are  offered  in  five  power  levels  of  1  watt,  1.8 
wans,  4.5  watts,  6  watts  and  12  watts.  Input  voltage  versions 
include  5  volt,  12  volt,  24  volt  and  28  volt  with  output  ranges 
as  follows:  +5  volt,  ±12  volts  and  ±15«StoMt-<S6ftA&)tar...: 
1000  mA  output  current  capability. 

Most  models  are  high  efficiency  (typically  over  60%  at  full  load) 
and  feature  complete  6-sided  continuous  shielding  for  EMI/RFI 
protection.  A  nr-type  input  filter  is  contained,  in  some  models, 
which  virtually  eliminates  the  effects  of  reflected  input  ripple 
current.  Most  Analog  Devices'  dc/dc  converters  are  available 
from  stock  in  both  large  and  small  quantities  with  substantial 
dtscoimts        i^lttei  ie  tege  qmn^  orders. 

DC/DC  POWER  SUPPLY  FEATURES 

•  Inaudible  (>20  kHz)  Converter  Switching  Freqiiency 

•  Continuous,  Six-Sided^lii^  j^ipWing  Esoept  on  IdWktt 
and  1.8  Watt  Models 

•  Output  Short  Circuit  Protection  (Either  Output  to  Common) 

•  Automatic  Restart  After  Short  Condition  Removed 

•  Automatic  StMiag  'tM  Itenecie  Cntifent  Injected  into 
Outputs  •  .  - 

•  Low  Output  Ripple  and  Noise  -■ 

•  High  Temperature  Stability 

•  Free  Air  Convection  Cooling 

No  external  heat  sink  or  specification  derating  is 
required  over  the  operating  temperature  range. 
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Side  Ibased  IW  @E3eMtiie) 

D-16 

D-18 

0-20 

0-24 

D-24A 

b-28 

D-40 

Side  Brazed  DIP  for  Hybrids  (Ceiamic) 

DH-24A 
DH-28 

ttstUan  Bniied  DIP  (Cenanic) 

DH-28A 
DH-32E 

Metal  natfom  DIP 

Leadless  Cbip  Gatdet^BttinBic) 

E-20A 

E-28A  J 

s-ilte  ■  "  -• 

CetpadsfffalpadEB 


PMILet^ 


XB* 
RB* 
VB* 

..r.  ■  TB* 

tliW«Wiior 


RC 

TC 


L 
M 
F 
N 


L* 

M* 

MB* 

F* 

FB* 

N* 

NB* 


t»xi-0» 


Package 
DesqiptiijU; 

16-Lead 

18-Lead 

20-Lead  ^ 

24-Lead  o 

24-Lead(Siii9fe  Width) 

28-Lead 

24-Lead 

28-Lead  (Large  Csm.^) 

28-Lead 
32-Lead 


M-lmA 

#0-1^! 


MIL-M38510 

Applicable 

Configniatioii 

D2-3 
D6-3 
Dg-3 
D3-3 

DlO-3 


20-Terminal 
28-Terminal 
44-Tenninal 


44-Temiiiial 
leO-Tenniiid 


10-Lead 
14-Lead 
16-Lead 
24-L^ 


10-Lead 

10-Lead  (Bottom-Bmed) 
14-Lead 

14-Lead  (Bottmn-Brraed) 
16-Lead 

16-Lead  (Bottom  Biazed) 
24-Lead 

24-L»d  (Botumi-Bimed 


Cr2 

&4 


Page 


ml 

10-8^ 


10-10 
-10-11 

<» 

10-12 
10-13 


10-16 
10-17 
10-18 

OS  Q 
10-20 


10-21 
10-22 
10-23 
10-24 


10-25 
t0-2S 
10-26 
10-26 
10-27 
10-27 
10-28 
10-28 


•Special  Order  Only 
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t-sa 

b  -.0. 

(■Ota 


tkuSpatot 

FlastielW 

N-8 
N-14 
N-16 
N-18 
N-20 
M-24 
1*-24A 
N-28 
N-40A 

Plastic  Leaded  Chip  Cairier  (PLCC) 

P-20A 
P-28A 
P-44A 

J-Leaded  Ch^ 

J-44 
J-68 

Cenlip 

Q-8 

Q-14 
Q-16 
Q-18 
Q-20 
Q-22 
Q-24 
Q-28 

Small  OndbK 

R-16 

R-18 
R-20 
R-24 
R-28 


PMI  Letter 


ID 
-3 


P 
P 
P 
P 

P 
P 
P 


PC 
PC 


z 

Y 
Q 
X 
R 

T 


Package 
Description 

8-Lead 

14-Le«d 

16-Lead 

18-Lead 

20-Lead 

24-Lead  (Namjw  Body) 
24-Lead(DouMe  Width) 
28-Lead 
40-Lead 

20-Lead 
28-Lead 
44-Lead 

44-Lead 
68-Iiead 


8-Lead 

14-Lead 

16-Lead 

18-Lead 

20-Lead 

22-Lead 

24-Lead  (Narrow  Body) 
28-Lead 


14-Lead 
16-Lead 
16-Lead 
18-Lead 
20-Lead 
24-Lead 
28-Lead 


(Nanow  Body) 
(Wide  Body) 
(Narrow  Body) 
(Wide  Body) 
(VEIdeBody) 
(Wide  Body) 
(Wide  Body) 


MIL-M38510 
Applicable 

Configuiation  Page 

-iif.jOi  liCi  int       .  lit 

10-29 
10-30 
10-31 
10-32 
10-33 
10-34 
10-3S 
10-36 
10-37 


CJ4 


D4-1 
Dl-1 
D2-1 
D6-1 
D8-1  ' 

D3-1 
DlO-1 


10-38 
10-39 

io4o 

10-41 

W. 

1043 
10^ 
10-45 
10-46 
10^7 
10-48 
10-49 
10-50 


10-51 
10-52 
10-53 
10-54 

lO-is 

10-56 
10-57 


'10^2  PAOeAm INFORMATION 


Package  Outline  Dimi^Diis 


SEATING 
PLANE 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.200 

5.08 

b 

0.014 

0.023 

0.36 

0.58 

6 

b, 

0.030 

0.070 

0.76 

1.78 

2,6 

e 

0.008 

0.015 

0.20 

0.38 

6 

D 

0.840 

21.34 

4 

E 

0.220 

0.310 

5.59 

7.87 

4 

E, 

0.290 

0.320 

7.37 

8.13 

a 

0.090 

0.110 

2.29 

2.79 

7 

L 

0.125 

0.200 

3.18 

5.08 

Li 

0.150 

3.81 

Q 

0.015 

0.060 

0.38 

1.52 

3 

S 

0.080 

2.03 

5 

s, 

0.0OB 

0.13 

S 

NOTES 

1.  Index  area;  a  notch  or  a  lead  one  identification  marlc 
is  located  adjacent  to  lead  one. 
The  minimum  limit  for  dimension  bi  may  be  0.023"  , 


(0.58mm)  fpr  aU  faur 

Dimanrion  Q  shaH'iMi'n* 
to  the  base  plane, 


:  806.0 

4.  This  dimension  allows  for  otI-emUBrm.' 
and  glass  overrun. 

5.  Applies  to  ail  four  corners. 

6.  All  leads  -  increase  maxirhum  limit  by  0.003"  (OJWmm) 
measured  at  the  center  of  the  flat,  when  hot 
dip  lead  finish  is  applied.  j 

7.  Fourteen  spaces.  ,j 


,1.  I 
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18 

10 

SEE 
NOTE1 

) 

1 

1 

9 

3 

—  D  

SEflTING      1       I  J_A  /L\  /_\  }-\}-\(J\  /-\  }— 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.200 

5.08 

b 

0.014 

0.023 

0.36 

0.58 

6 

0.030 

0.070 

0.76 

1.78 

2.6 

e 

0.008 

0.015 

0.20 

0.38 

6 

D 

0.960 

24.38 

4 

E 

0.220 

0.310 

5.59 

7.87 

4 

E, 

0.290 

0.320 

7.37 

8.13 

e 

0.090 

0.110 

2.29 

2.79 

7 

L 

0.125 

0.200 

3.18 

5.08 

L, 

0.150 

3.81 

Q 

0.015 

0.060 

0.38 

1.52 

3 

S 

0.098 

2.49 

5 

s, 

0.005 

0.13 

5 

NOTES 

1.  index  area;  a  iratsh  or  a  lead  one  Identification  mark 
is  located  adjacent  to  lead  one. 

2.  The  minimum  limit  for  dimension  b,  may  be  0.023" 
(0.58mm)  for  all  four  corner  leads  only. 

3.  Dimension  Q  shall  be  measured  from  the  seating  plane 
to  the  base  plane. 

4.  This  dimension  allows  for  off-center  lid.  meniscus 
and  glass  overrun. 

5.  Applies  to  all  four  corners. 

6.  All  leads  -  increase  maximum  limit  by  0.003*  (0.08mm) 
measured  at  the  canter  of  the  flat,  when  hot  solder 
dip  lead  finish  i»applied. 

7.,:Sixteen  s|Mees. 


 i 


mcmimvmmmTtm 


D.20 


\mi    I—I    fcjl    L-l    l-J  I— I    liM  I— I  I— I  l-J 
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SYMBOL 

INCHES 

MILUMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.200 

5.08 

b 

0.014 

0.023 

0.36 

0.58 

6 

% 

0.030 

0.070 

0.76 

1.78 

2.6 

e  , 

0.008 

0.015 

0.20 

0.38 

6 

D 

1.060 

26.92 

4 

•  ■£  . 

0.220 

0.310 

5.59 

7.87 

4 

E, 

0.290 

0.320 

7.37 

8.13 

e 

0.090 

0.110 

2.29 

2.79 

7 

L 

0.125 

0.200 

3.18 

5.08 

L, 

0.150 

3.81 

Q 

0.015 

0.060 

0.38 

1.52 

3 

S 

0.080 

2.03 

5 

s, 

0.005 

0.13 

5 

NOTES 

1.  Index  area;  a  notch  or  a  lead  one  identilleaUon  mark 
is  located  adjacent  to  lead  one. 

2.  The  minimum  limit  for  dimension  bi  may  be  0.023* 
(0.58mm)  for  all  four  corner  leads  only. 

3.  Dimension  Q  shall  be  measured  from  the  seating  plane 
to  the  base  plane. 

4.  This  dimension  allows  for  off-center  lid,  meniscus  - 
and  glass  overrun.  _  _f 

5.  Applies  to  all  four  corners.  " 

6.  All  leads  -  increase  maximum  limit  by  0.003*  (0.08mm) 
measured  at  the  center  of  the  flat,  when  hot  soMec 
dip  lead  finish  is  applied. 

7.  Eighteen  spaces. 
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SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.225 

5.72 

b 

0.014 

0.023 

0.36 

0.58 

6 

b, 

0.030 

0.070 

0.76 

1.78 

2,6 

c 

0.008 

0.015 

0.20 

0.38 

6 

0 

1.290 

32.77 

4 

E 

0.500 

0.610 

12.70 

15.49 

4 

E, 

0.590 

0.620 

14.99 

15.75 

e 

0.090 

0.110 

2.29 

2.79 

7 

L 

0.120 

0.200 

3.05 

5.08 

L, 

0.150 

3.81 

Q 

0.015 

0.075 

0.38 

1.91 

3 

S 

0.098 

2.49 

5 

s, 

0.005 

0.13 

5 

NOTES 

1.  Index  area;  a  notch  or  a  lead  one  identificatioiMnark 
is  located  adjacent  to  lead  one. 

2.  The  minimum  limit  for  dimension  b,  may  be  0.023" 
I0.58mm|  for  all  four  corner  leads  only. 

3.  Dimension  Q  shall  be  measured  from  the  seating  plane 
to  the  base  plane. 

4.  This  dimension  allows  for  off-center  lid,  meniscus 
and  glass  overrun. 

5.  Applies  to  all  four  corners. 

6.  All  leads  -  increase  maximum  limit  by  0.003 "  (0.08mm| 
measured  at  the  center  of  the  flat,  when  hot  solder 
dip  lead  finish  is  applied. 

7.  TWenty-two  spatris. 
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24-i^miiij»»iiirffiiiiiiiiihiiiiB<sfci^  waot) 


24 


NOTE 


13 


uj  I— I  W.J  I— r- 
 ' 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.200 

5.08 

b 

0.014 

0.023 

0.36 

0.58 

6 

b, 

0.030 

0.070 

0.76 

1.78 

2.6 

c 

0.008 

0.015 

0.20 

0.38 

6 

D 

1.280 

32.51 

4 

'- 

0l20 

0.310 

S.59 

7.87 

4 

0^ 

0.320 

7.37 

8.13 

e 

0.090 

0.110 

2.29 

2.79 

7 

L 

0.125 

0.200 

3.18 

5.08 

L, 

0.150 

3.81 

Q 

0:015 

0.060 

0.38 

1.52 

3 

S 

0.098 

2.49 

Si 

0.005 

0.113 

"5  ' 

NOTES   —   

1.  Index  area;  a  notch  or  a  lead  one  id»ntlBe4liim  itoarfc  { 
is  located  adjacent  to  lead  one. 

2.  The  minimum  limit  for  dimension  b^  may  be  0.023" 
(0.58mm)  for  all  four  corner  leads  only. 

3.  Dimension  Q  shall  be  measured  from  the  seating  plane, 
to  the  base  plane. 

4.  This  dimension  allows  for  oft-<!»B^Ji4flM»BlwMiL] '  ' 
and  glass  overrun.  - 

5.  Applies  to  all  four  corners. 

6.  All  leads  -  increase  maximum  limit  by  0.003"  (0.08mm) 
measured  at  the  center  of  the  ilat,  when  hpt  soidiar 
dip  lead  finish  is  applied.  ' " '  '  '  ' 

7.  Twenty-two  spaces. 
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D-28 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.225 

5.72 

b 

0.014 

0.026 

0.36 

0^  , 

6 

b, 

0.030 

0.070 

0.76 

1.78 

2,6 

c 

0.008 

0.018 

0.20 

0.46 

6 

D 

1.490 

37.85 

4 

E 

0.500 

0.610 

12.70 

15.49 

4 

E, 

0.590 

0.620 

14.99 

15.75 

e 

0.090 

0.110 

2.29 

2.79 

7 

L 

0.125 

0.200 

3.18 

5.08 

L, 

0.150 

3.81 

Q 

0.015 

0.060 

0.38 

1.52 

3 

S 

0.100 

2.54 

5 

s, 

0.0OS 

0.13 

5 

NOTES 

1.  Index  area;  a  notch  or  a  lead  one  identification  maric 
is  located  adjacent  to  lead  one. 

2.  The  minimum  limit  for  dimension     may  be  0.023" 
(O.SSmm)  for  alt  four  corner  leads  only. 

3.  Dimension  Q  shall  be  measured  from  the  seating  plane 
to  the  base  plane. 

4.  This  dimension  allows.for  off-center  lid,  meniscus 
and  gliiss  overrun. 

5.  Applies  to  all  four  corners. 

6.  All  leads  -  increase  maximum  limit  by  0.003"  (0.08mm) 
measured  at  the  center  of  the  flat,  when  hot  solder 

dip  lead  finish  is  applied. 

7.  "^wenty-six  spaces. 


D-40 

40-Lead  Side  Brazed  Ceramic  DIP 


J 

i  , 

SYMBOL 

INCHES 

ETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.225 

5.72 

b 

0.014 

0.023 

0.36 

0.58 

6 

bi 

0.030 

0.070 

0.76 

1.78 

2.6 

c 

0.008 

0.015 

0.20 

0.38 

6 

D 

2.096 

53.24 

4 

E 

0.590 

0.620 

12.95 

15.75 

4 

El 

0.520 

0.630 

13.21 

16.00 

e 

0.090 

0.110 

2.29 

2.79 

7 

L 

0.125 

0.200 

3.18 

5.08 

L, 

0.150 

3.81 

Q 

0.015 

0.060 

0.38 

1.52 

3 

S 

0.098 

2.49 

5 

s, 

0.13  . 

5 

NOTES   • 

1 .  Index  area;  a  notch  or  a  lead  one  WentlHetfc 

is  located  adjacent  to  lead  one. 

2.  The  minimum  limit  for  dimension      may  be 
(0.58mm)  for  all  four  corner  leads  only. 

3.  Dimension  Q  shall  be  mcasujtfWMlffiiitiiflteiiNie 
to  the  base  plane.  \ 


This  dimension  allows  for  off-cei^tft 
and  glass  overrun. 


5.  Applies  to  all  four  comers. 

6.  All  leads  -  increase  maximum  limit  by  0.003"  (0.08mm) 
measured  at  the  center  of  the  flat,  when  hot  solder 
dip  lead  finish  is  applied. 

7.  Thirty-eight  spaces.  ,  „ 


1c  •    V^tif  .  J.V 
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DH-24A 

24-Lead  Side  Brazed  Ceiamic  DIP  for  Hybrid 


SYMBOL 

INCHES 

MILUMeTERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.225 

5.72 

b 

0.014 

0.023 

0.36 

0.58 

b, 

0.030 

0.070 

0.76 

1.78 

2 

c 

0.008 

0.015 

0.20 

0.38 

D 

1.212 

30.79 

E 

0.580 

0.605 

14.73 

15.37 

Ei 

0.590 

0.620 

14.99 

15.75 

6 

e 

0.100  BSC 

2.54  BSC 

4,7 

L 

0.120 

3.05 

L, 

0.180 

4.57 

Q 

0.040 

0.060 

1.02 

1.52 

3 

S 

0.098 

2.49 

5 

s. 

0.005 

0.13 

5 

NOTES 

1.  Index  area;  a  notch  or  a  lead  one  identification  maric 
is  located  adjacent  to  lead  one. 

2.  The  minimum  limit  for  dimension  b.,  may  be  0.023' 
(0.58  mm)  for  all  four  corner  leads  only., 

3.  Dimension  Q  shall  be  measured  :from#g». seating  jjlane! 
to  the  lM|M  plane.  j   ~  ^ 

4.  The  iMsie  pin  spa^iq  is  10.100*  (2;5jllMa)i^>«tw«mnh 
oeht{Nlilii»s:    "  — 

5.  Applies  to  all  four  corners. 

6.  E,  shall  be  measured  at  the  centerline  of  the  leads. 

7.  Twenty^two  spaces. 


10-10  PACKAGE  INFORMATION 


DH-28 

28-Lead  Side  Brazed  Ceramic  DIP  for  Hybrid  (Large  Cavitjr) 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.225 

5.72 

b 

0.014 

0.023 

0.36 

0.58 

B, 

0.030 

0.070 

0.76 

1.78 

2 

0.008 

0.015 

0.20 

0.38 

D 

1.414 

35.92 

E 

0.580 

0.610 

14.73 

15.49 

Ei 

0.590 

0.610 

14.99 

15.49 

6 

e 

0.100  BSC 

2.54  BSC 

4,  7 

L 

0.120 

3.05 

L, 

0.180 

4.57 

Q 

0.040 

0.060 

1.01 

1.52 

3 

S 

0.098 

2.49 

5 

s. 

0.00S 

0.13 

5 

"1 


NOTES 

1..  Index  area;  a  notch  or  a  lead  one  Identification  mark 
is  located  adj^'cejit  to  lead  oiterr:  . 

2.  The  minimum  limit  for  dimension  b.,  may  be  < 
(0.58  mm)  for  all  four  corner  leads  only. 

3.  Dimension  Q  shall  be  measured  from  the  seating  plan^ 
to  the  base  plane.  .  ' 

4.  The  basic  pin  spacing  is  0.l6^;^^4  mm)  betwe^ 
centerlines. 

5.  Applies  to  all  four  corners. 

6.  E,  shall  be  measured  at  the  centerline  of  the  leads. 

7.  Twenty-six  sp.«^.,7  ' '  .  ^ 
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SYMBOL 

INCHES 

MILUMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.225 

5.72 

b 

0.014 

0.023 

0.36 

0.58 

bi 

0.030 

0.070 

0.76 

1.78 

2 

c 

0.008 

0.015 

0.20 

0.38 

D 

1.575 

40.01 

E 

0.770 

0.810 

19.56 

20.57 

El 

0.550 

0.620 

14.99 

15.75 

6 

e 

0.100  BSC 

2.54  BSC 

4,  7 

L 

0.145 

3.68 

L, 

0.180 

4.57 

Q 

0.015 

0.035 

0.38 

0.89 

3 

S 

0.137 

3.48 

5 

s. 

0.00S 

0.13 

5 

I 

NOTES 

1 .  Index  area;  a  notch  or  a  lead  one  identification  mark 
is  located  adjacent  to  lead  one. 

2.  The  minimum  limit  for  dimension  bi  m^y  be  0.023" 
(0.58  nim)  for  all  four  corner  leads  oillV.^  ^ 

3.  OimanMOn'Q  shall  be  measured  from  the  seating  plans 
to  tiie  base  plane. 

4.  The  basic  pin  spacing  is  0.100'  (2.54  mm)  between 
centerlines. 

5.  Applies  to  all  four  corners. 

6.  shall  be  measured  at  the  centerline  of  the  leads. 
7<-TwAnty-six  spaces.'   i 
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DH-32E 
3^l||«|  J|g||HlliSBfail4  ^sonie  IHP 


IIOTEl\ 


tT 


T 


;!  !!  J  i. 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.225 

5.72 

b 

0.014 

0.023 

0.36 

0.58 

b. 

0.030 

0.070 

0.76 

1.78 

2 

c 

0.008 

0.015 

0.20 

0.38 

D 

1.750 

44.45 

E 

1.075 

1.105 

27.31 

28.07 

E, 

0.890 

0.910 

22.61 

23.11 

6 

e 

0.100  BSC 

2.54  BSC 

4,7 

L 

0.145 

3.68 

L, 

0.180 

4.57 

Q 

0.015 

0.035 

0.38 

0.89 

3 

S 

0.120 

3.05 

5 

s. 

9^ 

5 

NOTES 

1.  Index  area;  a  notch  or  a  lead  one  identification  mark 
is  located  adjacent  to  lead  one. 

2.  The  minimum  limit  for  dimension      may  be  0.023" 
(0.58  mm)  for  all  four  corner  leads  only. 

3.  Dimension  Q  shall  be  measured  from  the  seating  plane 
to  the  base  plane. 

4.  The  basic  pin  spacing  is  0.100"  (2.54  mm)  between .; 
centerlines. 

5.  Applies  to  all  four  corners. 

6.  E,  shall  be  measured  at  the  centerline  of  the  leads. 

7.  Thbt;r. spaces^    ■  ■  -  _      ■  .  i  0  ;  ^'  • :  :         ,s.  , 
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M-32 

32-Lead  Metal  Platform  DIP 


SEE 
NOTE1 


s    s  « 

32' 


e 
17 


a    «   «  ~i 


a    tf*  '  p    s    s    s  s 


16 

o  o 


T 

L, 


-H  S, 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MiN 

MAX 

MIN 

MAX 

A 

0.200 

5.08 

b 

0.020 

0.51 

D 

1.745 

44.323 

Di 

1.494 

1.506 

37.948 

38.252 

E 

1.145 

29.083 

EV  - 

0.880 

0.920 

22.352 

23  368 

3 

e 

0.098 

0.102 

2.49 

2.59 

4 

L, 

0.240 

6.09 

S 

0.115 

0.135 

2.92 

3.43 

2 

s, 

0.115 

0.135 

2.92 

3.43 

2 

NOTES  - 

1 .  Index  area;  a  notch  or  a  lead  one  identification  marlc 
is  located  adjacent  to  lead  one. 

2.  Applies  to  all  four  corners. 

3.  El  shall  be  measured  at  the  centerline  of  the  leads. 

4.  Thirty  spaces. 
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f 
A 

•m 
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i.i  J 

1 

n  1  u 
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1  ^ 
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— —  :E 

1 

<•  El 

 H 

s, 

SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.19 

4.83 

b 

0.020 

0.51 

D 

2.145 

54.483 

D, 

1.894 

1.906 

48.108 

48.412 

E 

1.145 

29.083 

E, 

0.880 

0.920 

22.352 

23.368 

3 

e 

0.098 

0.102 

2.49 

2.59 

4 

L, 

0.240 

6.09 

S 

0.115 

0.135 

2.92 

3.43 

2 

s, 

0.115 

0.135 

2.92 

3.43 

2 

NOTES 

1.  Index  area;  a  notch  or  a  lead  one  iden^eation  mark 
is  located  adjacent  to  lead  one. 

2.  Applies  to  all  four  corners. 

3.  E,  shall  be  measured  at  the  centerline  of  the  leads. 

4.  Thirtyrelght  spaces. 


li 
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SYMBOL 

INCHES 

MILUMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.064 

0.100 

1.63 

2.54 

1 

B, 

0.022 

0.028 

0.56 

0.71 

D 

0^ 

0.358 

8.69 

9.09 

2 

D, 

0.075  REF 

1.91  REF 

a 

0.050  BSC 

1  27  BSC 

i 

0.020  REF 

0.51 

h 

0.040  REF 

1.02 

L 

0.045    1  0.0S5 

1.14     1  1.40 

;       I  II  ii  ;i  y  li  ! 

notes'-  sj* 

1.  Oinrainion  A  controls  tha  ovanM 

2.  AppHMto  'alUsldM. 

3.  All  terminal*  ara  gold  ptartad. 
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28-Tenidiial  Leadlei»Ce«aauc  C^UpiCarfo 


SYMBOL 

INCHES 

MILUMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.064 

0.100 

1.63 

2.54 

1 

B, 

0.0& 

0.028 

0.56 

0.71 

D 

0.442 

0.458 

11.23 

11.63 

2 

0.075  REF 

1.91  REF 

• 

0.050  BSC 

1.27  BSC 

0.020  REF 

0.51 

h 

0.040  REF 

1.02 

k 

1.14      1  1^ 

NOTES 

1.  Dimension  A  controls  the 

2.  Applies  to  all  4  sides.  ^ 

3.  All  terminals  are  gold  plated. 


thickness. 


 :  .J 
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SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.064 

0.100 

1.63 

2.54 

1 

B, 

0.022 

0.028 

0.56 

0.71 

D 

0.640 

0.662 

16.27 

16.82 

2 

D, 

0.075  REF 

1.91  REF 

e 

0.050  BSC 

1.27  BSC 

i 

0.020  REF 

0.51 

h 

0.040  REF 

1.02 

L 

0.04S    1  0.05S 

1.14    1  1.40 

—I — ; 


NOTES 

1.  Dimension  A  controls  the  overall  package  thickness. 

2.  Applies  to  all  4  sides. 

3.  All  terminals  are  gold  plated.     .  .  .  ... 

-,.-r-  ,<■'        ~\  ■■  ■  sSf'^V 
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S-44 


SYMBOL 

INCHES 

MILUMETERS 

MIN 

MAX 

MIN 

MAX 

A 

0.096 

2.44 

b 

0.012 

0.016 

0.30 

0.41 

A3 

0.077 

0.083 

1.96 

2.11 

A, 

0.032 

0.040 

0.81 

1.02 

D 

0.546 

0.548 

13.875 

13,925 

A2 

0.032 

0.040 

0.81 

1.02 

P» 

0.390 

0.398 

9.91 

10.11 

• 

0.029 

0.033 

0.74 

0.84 

L 

0.025 

0.037 

0.64 

0.94 

■  •«_; 

OJB 

8.0° 

I 


mmu 

mm 

□  DDaODaDTlDD 
-M  I*  _ 

1     fV  i  c 

b  - 

•  1 

Ct 

INCHES 

MILLIMETERS 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

A 

0.160 

4.07 

A, 

0.062 

0.070 

1.57 

1.77 

A2 

0.062 

0.070 

1.57 

1.77 

A3 

0.125 

0.145 

3.17 

3.67 

D 

1.246 

1.266 

31.65 

32.15 

E 

1.098 

1.106 

27.90 

28.10 

D, 

1.098 

1.106 

27.90 

28.10 

e 

0.029 

0.033 

0.75 

0.85 

L 

0.025 

0.037 

0.65 

0.95 

b 

0.012 

0.016 

0.30 

0.14 

E, 

1.098 

1.106 

27.90 

28.10 

a 

0.0° 

8.0° 

4^^ead  Cerpack/FlatpalSE 


INCHES 

MILLIMETERS 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

NOTES 

A 

0.030 

0.085 

0.76 

2.16 

b 

0.010 

0.019 

0.25 

0.48 

c 

0.003 

0.006 

0.08 

0.15 

D 

0.290 

7.37 

3 

E 

0.240 

0.260 

6.10 

6.60 

e 

0.050  BSC 

1.27  BSC 

4 

0.008 

0.015 

0.20 

0.38 

8 

L 

0.250 

0.370 

6.35 

9.40 

Q 

0.010 

0.040 

0.25 

1.02 

2 

S 

0.045 

1.14 

5 

0,13 

5,  6 

Ojll. 

i  r.ti.i  . 

n'-ilh-tij.i'i.Tr  .; 

■•-lie:  17 

t-r.->::f!': 

NOTES 

1.  Index  area;  a  notch  or  a  lead  one  identification  mark  > 
Is  located  adjacent  to  lead  one  and  shall  be  located  i 
within  the  shaded  area  shown.  Alternatively,  a  tab  J 
(dim.  k)  may  be  used  to  identify  lead  one.  This  _J 
may  be  located  on  either  side  as  shown.  ' 

2.  Dimension  Q  shall  be  measured  at  the  point  of  exit 
of  the  lead  from  the  body. 

3.  The  dimension  allows  for  eff-eeiitlir<H(|, jfwnlitW^^^^  i 

glass  overrun.  »-  <  . 

4.  The  basic  lead  spacing  is  0.050"  (1.27  mm)  between  | 
centerlines. 

5.  Applies  to  all  four  corners. 

6.  Dimension  S,  may  be  0.000"  (0.00  mm)  if  corner  leads 
bend  toward  the  cavity  of  the  package  within  one 
lead's  width  from  the  point  of  entry  of  the  lead  into 
body. 

7.  Optional  configuration.  If  this  configuration  is  used,  no 
organic  or  polymeric  materials  are  molded  to  the  bot- 
tom of  the  package  to  cower  the  leads. 

8.  Optional,  see  Note  1.  If  a  ImiI  em  identjfieatlon  mark 
is  used  in  addition  to  this      the  minimum  limit  off 
dimension  k  doas  not  ipftv- 
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(M-Suffix) 


0 

:  <.  T-'= 


SEE  NOTE  1 


7  e 

3-E 


S2 


SYMBOL 

INCHES   -  _ 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.030 

0.085 

0.76 

2.16 

b 

0.010 

0.019 

0.25 

0.48 

e 

0.003 

0.006 

0.08 

0.15 

D 

0.280 

7.11 

3 

E 

0.240 

0.260 

6.10 

6.60 

e 

0.05 

OBSC 

1.27  BSC 

4 

k 

0.008 

0.015 

0.20 

0.38 

8 

L 

0.250 

0.370 

6.35 

9.40 

Q 

0.010 

0.040 

0.25 

1.02 

2 

s, 

0.005 

0.13 

5,  6 

0.004 

0.10 

NOTES 

1.  Index  area;  a  notch  or  a  lead  one  identification  mark 
is  located  adjacent  to  lead  one  and  shall  be  located 
within  the  shaded  area  shown.  Alternatively,  a  tab 
(dim.  k)  may  be  used  to  identify  lead  one.  This  ttb^' — 
may  be  located  on  either  side  as  shown.  ^ 

2.  Dimension  Q  shall  be  measure(i^|^^^|p^nt  of  eaat 
of  the  lead  from  the  body.  r   -  - 

3.  The  dimension  allows  Ydroff-^£fii£u|lJMli^s»(S«tM  J 
glass  overrun.  j 

4.  The  basic  lead  spacing  is  0.050"'(1.27  mm)  batweoi^  -j 
centeriines.       _  _ 

5.  Applies  to  all  fi^r  domars. 

6.  Dimension  Si  may  bit  <KOOV  (0.00  mni)  if  eernsr  iMHte 
bend  tovyard  t]ie  cavity  gf  the  packag»1i6jt^ri  one 
lead's  width  from  the  point  of  enHy  of  #e  lead  into 
body. 

7.  Optional  configuration.  If  this  configuratian  is  used,  no 
organic  or  polymeric  mateitels  are  molded  to  the  bot- 
tom of  the  padcage  to  cover  the  leads. 

8.  Optional,  see  Note  1.  If  a  lead  one  identifieation  mark 
is  used  in  addition  to  this  tab,  the  minimum  limit  of 
dimension  k  does  not  apply. 


Tth22  f^ACKAGE  INFORMATION 


INCHES 

MILUMETERS 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

NOTES 

A 

0.045 

0.085 

1.14 

2.16 

b 

0.015 

0.019 

0.38 

0.48 

e 

0.003 

0.006 

0.08 

0.15 

D  ■ 

0.440 

11.18 

3 

E 

0.245 

0.285 

6.22 

7.24 

e 

0.050  BSC 

1.27  BSC 

4 

k 

0.008 

0.015 

0.20 

0.38 

8 

L 

0.250 

0.370 

6.35 

9.40 

Q 

0.010 

0.040 

0.23 

1.02 

2 

S 

0.045 

1.14 

5 

s, 

0.00. 

1 

5,  6 

NOTES 

1.  Index  area;  a  notch  or  a  lead  one  identification  mark 

is  located  adjacent  to  lead  one  and  shall  be  located  ^  — i 
within  the  shaded  area  shown.  Alternatively,  a  tab  ' 
(dim.  k)  may  be  used  to  identify  lead  one.  This  tab  <^V^ 
may  be  located  on  either  side  as  shown.  i~  ~ 

2.  Dimension  Q  shall  be  measured  at  the  point  of  exit  ' 

of  the  lead  from  the  body.         V     _  : —  _  _ 

3.  The  dimension  allows  for  (dffleeiiMlOlilij  i0Mli^jmi|_^  

glass  overrun.  ~  ^ 

4.  The  basic  lead  spacing  is  0.050"  (1.27  mm)  betwaoH—  -  - 
centerlines.  ..  3_ 

5.  ApplieMo  ad  fourvegrnfts.  ^ 

6.  Dimension  S,  S.Wtf^|O.OQ  mm}, if  eqmar  iMds' 
bend  t6ward  tK»:^vAv  WW*  paekiiga  wAittln  one  ^ 
lead's  width  from  tha  point  of  entry  of  the  lead  into  , 
body. 

7.  Optional  configuration,  ff  this  configuration  is  used,  no 
organic  or  polymeric  materials  are  molded  to  the  bot- 
tom of  the  package  to  cmrer  tha  leads. 

8.  Optional,  see  Note  1.  If  a  lead  on*  identiflcation  mark 
is  used  In  addition  to  this  tab,  th*  nlnliMim  limit  of 
dimension  k  does  not  apply. 
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Q 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.045 

0.090 

1.14 

2.29 

b 

0.015 

0.019 

0.38 

0.48 

c 

0.003 

0.006 

0.08 

0.15 

D 

0.430 

10.92 

3 

E 

0.245 

0.285 

6.22 

7.24 

e 

0.050  BSC 

1.27  BSC 

4 

k 

0.008 

0.015 

0.20 

0.38 

8 

L 

0.250 

0.370 

6.35 

9.40 

Q 

0.010 

0.040 

0.25 

1.02 

2 

S 

0.005 

0.13 

5,  6 

Si 

0.004 

0.10 

NOTES 

1.  Index  area;  a  notch  or  a  lead  one  identification  mark 
is  located  adjacent  to  lead  one  and  shall  be  located 
within  the  shaded  area  shown.  Alternatively,  a  tab 
(dim.  k)  may  be  used  to  identify  lead  one.  This  tab 
may  be  located  on  either  side  as  shown.  „ 

2.  Dimension  Q  shall  be  measured  at  the  point  of  mSt 
of  the  lead  from  the  body. 

3.  The  dimension  allows  for  off-center  lid,  meMscus  and 
glass  overrun. 

4.  The  basic  lead  spacing  is  0.050*  (1.27  mm)  lietween 
centeriines.  .  '_ 

5.  Applies  to  all  four  comers.  ^ 

6.  Dimension  S,  may  be  0.000"  (0.00  mm)  if  corner  leads 
bend  toward  the  cavity  of  the  package  within  one 
lead's  width  from  the  point  of  entry  of  tfie  lead  into 
body. 

7.  Optional  configuration.  If  this  configuration  is  used,  no 
organic  or  polymeric  materials  are  molded  to  the  bot- 
tom of  the  package  to  cover  the  leads. 

8.  Optional,  see  Note  1.  If  a  lead  one  identification  mark 
is  used  in  addition  to  this  tab,  the  minimum  limit  of 
dimension  k  does  not  apply. 
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i:10-Lead  Flatpack 
(L-Sufiix) 


,Banoia:ntazed  (LB-SnfiSx) 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.030 

0.085 

0.76 

2.16 

b 

0.010 

0.019 

0.25 

0.48 

c 

0.003 

0.006 

0.08 

0.15 

fr 

b.290 

7.37 

3 

0.240 

0.260 

6.10 

6.60 

E, 

0.280 

7.11 

3 

E2 

0.125 

3.18 

0.030 

0.76 

0.050  BSC 

1.27  BSC 

4 

k 

0.008 

0.015 

0.20 

0.38 

8 

L 

0.250 

0.370 

6.35 

9.40 

Q 

0.010 

0.040 

0.25 

1.02 

2 

S 

0.045 

1.14 

5 

1  1  tf.'. . 

Q.13 

5,6 

NOTES 

1.  Index  area;  a  notch  or  a  lead  one  identification  mark 
is  located  adjacent  to  lead  one  and  shall  be  located 
within  the  shaded  area  shown.  Alternatively,  a  tab 
(dim.  k)  may  be  used  to  identify  lead  one.  This  tab 
may  be  located  on  either  side  as  shown.  j 

2.  Dimension  Q  shall  be  measured  at  the  point  of  exit 
of  the  lead  from  the  body. 

3.  The  dimension  allows  for  off-center  lid,  meniscus  and 
glass  overrun. 

4.  The  basic  lead  spacing  is  0.050"  (1.27  mm)  bqitwpwi     -  j 
centerlines.  1  ^  0  |     Jt  | 

5.  Applies  to  all  four  comers. 

6.  Dimension  S,  may  be  0.000"  (0.00  mm)  if  comer  leads 
bend  toward  the  cavity  of  the  package  within  onA.. 
lead's  width  from  the  ppint  of  entry  ot  the  lead  into 
body. 

7.  Optional  eonfiguratioh.  If  this  configuration  is  used,  no 
organic  or  polymeric  materials  are  molded  to  the  bot- 
tom of  the  package  to  cover  the  leads. 

8.  OptionaL  see  Not»  Ivlf  a  lead-ona  idahMeation-niark 
is  used  in  addition  to  this  tab,  the  minimum  limit  of 
dimension  k  dioas  not  apply. 


SEENOTEI^ 


Q     SEENOTE7      7Es  Ej 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.030 

0.085 

0.76 

2.16 

b 

0.010 

0.019 

0.25 

0.48 

P,. 

0.003 

0.006 

0.08 

0.15 

D 

0.280 

7.11 

3 

E 

0.240 

0.260 

6.10 

6.60 

Et 

0.280 

7.11 

3 

E2 

0.125 

3.18 

E3 

0.030 

0.76 

e 

0.050  BSC 

1.27  BSC 

4 

k 

0.008 

0.015 

0.20 

0.38 

8 

•L 

0.2S0 

0.370 

6.35 

9.40 

Q 

0.010 

0.040 

0.25 

1.02 

2 

s, 

0.005 

0.13 

5,  6 

S2 

0.004 

0.10 

NOTES 

1.  Index  area;  a  notch  or  a  lead  one  identification  mark 

is  located  adjacent  to  lead  one  and  shall  be  located  j 

within  the  shaded  area  shown.  Alternatively,  a  tab  - 
(dim.  k)  may  be  used  to  identify,  lead  onei  This  tab 
may  be  located  on  either  side  1 


■ir.     •,!  ■Jill' 


2.  Dimension  Q  shall  be  measur«||^^lte  point  of  exif 
of  the  lead  from  the  body.        '  '■ — j~—  ,  - 

3.  The  dimension  allomfor  off-ceirtwt^jMftttcus  and 
glass  overrun. 

4.  The  basic  lead  spacing  Is  O.OSC  (1.27  mm)  between 
centerlines. 

5.  Applies  to  all  four  corners. 

6.  Dimension  S,  may  be  0.000"  (0.00  mm)  if  corner  leads 
bend  toward  the  cavity  of  the  package  within  one 
lead's  width  from  the  point  of  entry  of  the  lead  into 
body. 

7.  Optional  configuration.  If  this  configuration  is  used,- no 
organic  or  polymeric  materials  are  molded  to  the  Bot- 
tom of  thq  p||i9l^ge  to  cover  the  leads. 

8.  Optional,'i«e~N«te  1.  If  a  lead  one  identification  mark- 
igjuMd^iQ^MWpnjo  tM^  tab,  the  ntinjmum^|ii^^ 
dimanaion  k  doaa  not  apply. 


Si  ,  J 
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-  E  - 


7=^ 
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SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.045 

0.085 

1.14 

2.16 

b 

0.015 

0.019 

0.38 

0.48 

c 

0.003 

0.006 

0.08 

0.15 

D 

0.440 

11.18 

3 

E 

0.245 

0.285 

6.22 

7.24 

El 

0.305 

7.75 

3 

0.130 

3.30 

0.030 

0.76 

e 

0.050  BSC 

1.27  BSC 

4 

k 

0.008 

0.015 

0.20 

0.38 

8 

L 

0.250 

0.370 

6.35 

9.40 

Q 

0.010 

0.040 

0.23 

1.02 

2 

S 

0.045 

1.14 

5 

», 

0.005 

0.13 

5,6 

,.r  i 
0 


NOTES 

1.  Index  area;  a  notch  or  a  lead  one  identification  mark 
is  located  adjacent  to  lead  one  and  shall  be  located 
within  the  shaded  area  shown.  Alternathrely,  a  tab 
(dim.  k)  may  be  used  to  identify  lead  one.  This  tab 
may  be  located  on  either  side  as  shown. 

2.  Dimension  Q  shall  be  measured  at  the  point  of  exit 
of  the  lead  from  the  body. 
The  dimension  allows  for  off-oMUfy 
glass  overrun. 


5  i  BtS-f" 

The  basic  lead  spacing  to  0.050"  {1.r 
canterlines. 

Applies  to  ail  four  eoman. 

6.  Dimension  S.,  may  be  0.000"  (0.00  mm)  'rf  comer  liMti ' 
bend  toward  the  cavity  of  the  package  witliin  one  ' 
lead's  width  from  the  point  of  entry  of  the  lead  into 
body. 

7.  Optional  configuration.  If  this  configuration  is  used,  no 
organic  or  polymeric  materials  are  molded  to  the  bot- 
tom of  the  package  to  cover  the  leads. 

8.  Optional,  see  Note  1.  If  a  lead  one  identification  marii 
is  used  in  addition  to  this  tab,  the  minimum  limit  of 
dimension  k  does  not  apply. 
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Iianoiii>Btazed  (NB^Snffiz) 


iNOTET 


E2 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.045 

0.090 

1.14 

2.29 

b 

0.015 

0.019 

0.38 

0.48 

c 

0.003 

0.006 

0.08 

0.15 

B  . 

0.430 

10.92 

3 

E 

0.245 

0.285 

6.22 

7.24 

E, 

0.305 

7.75 

3 

0.125 

3.18 

0.030 

0.76 

e 

0.050  BSC 

1.27  BSC 

4 

k 

0.008 

0.015 

0.20 

0.38 

8 

L  • 

0.250 

0.370 

6.35 

9.40 

Q 

0.010 

0.040 

0.25 

1.02 

2 

S 

0.005 

0.13 

5,6 

Sa 

0.004 

0.10 

NOTES 

1.  Index  area;  a  notch  or  a  lead  one  identification  mark 
is  located  adjacent  to  lead  one  and  shall  be  located 
within  the  shaded  area  shown.  Alternatively,  a  tab 
(dim.  k)  may  be  used  to  identify  lead  one.  This  tab  — 
may  be  located  on  either  side  as  shown.  ■  ^  .  i 

2.  Dimension  Q  shall  be  measured^^^^^SW exit 
of  the  lead  from  the  body.  . 

3.  The  dimension  allows  fdrioff-canter  lid,  lAenlscus  aiid  ' 
glass  overrun. 

4.  The  basic  lead  spacing  is  0.050"  (1.27  mm)  between 
centerlines. 

5.  Applias  to  all  fnur  comer?' 

6.  Dimension  5i  jney  be  O-POO"  (O.OQ  mm)  'if  corner  leads 
b#nd^ward-ffie^eaVity  of  the  package  within  one  ' . 
lead's  width  ftem  the  point  of  entry  of  the  lead  intO' 
body. 

7.  Optional  configuration.  If.  this  configuration  is  used,  no 
organic  or  polymeric  materials  are  molded  to  the  bot- 
tom of  the  package  to  covew  the  leads: 

8.  Optional,  see  Note  1.  If  a  lead  one  identification  marie 
is  used  in  addition  to  tiiis  Ub.  the  minimum  limit  of 
dimension  k  does  not  apply. 
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SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.210 

5.33 

A2 

0.11s 

0.195 

2.93 

4.95 

b 

0.014 

0.022 

0.356 

0.558 

b, 

0.045 

0.070 

1.15 

1.77 

c 

0.008 

0.015 

0.204 

0.381 

D 

0.348 

0.430 

8.84 

10.92 

2 

E 

0.300 

0.325 

7.62 

8.25 

E, 

0.240 

0.280 

6.10 

7.11 

2 

e 

0.100  BSC 

2.54  BSC 

L 

0.125 

0.200 

3.18 

5.05 

L, 

0.150 

3.81 

Q 

0.015 

0.060 

0.38 

1.52 

NOTES  j 

1.  Index  area;  a  notch  or  a  lead  one  identification  nrarli 

is  located  adjacanf^  tol||ad'  i^%^  1  :  ~1 

2.  TK|s  dNpennol^pfRW'IRip^ripiQP)^^   7.  f 
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SEE  14 
NOTE1 


I  D  • 


ft 

b,  , 

i  ii  u  i. 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.210 

5.33 

0.115 

0.195 

2.93 

4.95 

b 

0.014 

0.022 

0.356 

0.558 

b, 

0.045 

0.070 

1.15 

1.77 

c 

0.008 

0.01S 

0.204 

0.381 

D 

0.725 

0.795 

18.42 

20.19 

2 

E 

0.300 

0.325 

7.62 

8.25 

E, 

0.240 

0.280 

6.10 

7.11 

2 

e 

0.100  BSC 

2.54  BSC 

L 

0.125 

0.200 

3.18 

5.05 

L, 

0.150 

3.81 

Q 

0.015 

0.060 

0.38 

1.52 

NOTES 

1.  Index  area;  a  notch  or  a  lead  one  identification  marli 
is  located  adjacent  to  lead  one. ,  . .    . . 

2.  This  dimension        not  lngjy|§1Bpi||^h  or  , 
protrusions.   •  4™—.— •'j   
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A  AAA-fr^A  A 


SEE  I  16 
N0TE1 


I  D  ^  -I 


SEATING 
PLANE' 


<  ■      .  .  i  t  t  ■ 


-J" 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.210 

5.33 

A, 

0.115 

0.195 

2.93 

4.95 

b 

0.014 

0.022 

0.356 

0.558 

b, 

0.045 

0.070 

1.15 

1.77 

c 

0.008 

0.015 

0.204 

0.381 

D 

0.745 

0.840 

18.93 

21.33 

2 

E 

0.300 

0.325 

7.62 

8.25 

E, 

0.240 

0.280 

6.10 

7.11 

2 

e 

0.100  BSC 

2.54  BSC 

L 

0.125 

0.200 

3.18 

5.05 

L, 

0.1S0 

3.81 

Mm 

0^ 

1.52 

9?. 


NOTES 

1.  Index  area;  a  notch  or  a  lead  one  identification  mark-  > 
is  located  adjacent  to  lead  one.  _ 

2.  This  dimension  does  not  include  mold  flash  or   

piiotnisions.  - .  .. 
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AAAAAAAAA 


SEATING 
i>lANE 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.210 

5.33 

A2 

0.115 

0.195 

2.93 

4.95 

b 

0014 

0.022 

0.356 

0.558 

b, 

0.045 

0.070 

1.15 

1.77 

c 

0.008 

0.015 

0.204 

0.381 

D 

0.845 

0.925 

21.47 

23.49 

2 

E 

0.300 

0.325 

7.62 

8.25 

E, 

0.240 

0.280 

6.10 

7.11 

2 

e 

0.100  BSC 

2.54  BSC 

L 

0.125 

0.200 

3.18 

5.05 

L, 

0.150 

3.81 

a 

0.016 

0.060 

0.38 

1.52 

NOTES 

1.  Index  arsa;  a  note^.  or  a  laad  mi^ 
is  located  adjacent  to  lead  on» 

2.  Thia  dimension  does  not  Include  mold 
protrusions. 


N-20 


AAAA AA A A A A 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.210 

5.33 

Ai 

0.115 

0.195 

2.93 

4.95 

b 

0.014 

0.022 

0.356 

0.558 

bi 

0.045 

0.070 

1.15 

1.77 

c 

0.008 

0.015 

0.204 

0.381 

D 

0.925 

1.060 

23.50 

26.90 

2 

E 

0.300 

0.325 

7.62 

8.25 

E, 

0.240 

0.280 

6.10 

7.11 

2 

e 

0.100  BSC 

2.54  BSC 

L 

0.125 

0.200 

3.18 

5.05 

Li 

0.150 

3.81 

_a — 

OkOlli  : 

0.38 

1.52 

NOTES 

1.  Index  area;  a  notch  or  a  lead  one  identification  mark 
is  located  adjacent  to  lead  one. 

2.  This  dimension  doss  not  include  mold  flash  or 
protrusions. 


IL 
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SEE  I  24 
NOTE 


EE  124  :  j 

y  y  y  \/ \j  y  \^  M/ Hi  k/ V  Hi'^  ^"^1 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

NOTES 

1 .  Index  area;  a  notch  or  a  lead  one  identification  mark 
is  located  adjacent  to  lead  one. 

A 

0.210 

5.33 

0.115 

0.195 

2.93 

4.95 

2.  This  dimension  does  not  include  mold  flash  or 

b 

0.014 

0.022 

0.356 

0.558 

protruslpns. 

b, 

0.045 

0.070 

1.15 

1.77 

c 

0.008 

0.015 

0.204 

0.381 

D 

1.125 

1.275 

28.60 

32.30 

2 

E 

0.300 

0.325 

7.62 

8.25 

E, 

0.240 

0.280 

6.10 

7.11 

2 

e 

0.100  BSC 

2.54  BSC 

L 

0.125 

0.200 

3.18 

5.05 

L, 

0.150 

3.81 

,  1 

Q 

0.015 

0.060 

0.38 

1.52 

,-.J 


1 


AAAAAA'AAAAAA 


24 


N01E1 
\ 


■t  ■■  it 

! 


13 


12 


D  —  — • 


INCHES 

MILLIMETERS 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

NOTES 

A 

0.250 

6.35 

0.125 

0.195 

3.18 

4.95 

b 

0.014 

0.022 

0.356 

0.558 

b, 

0.030 

0.070 

0.77 

1.77 

c 

0.008 

0.015 

0.204 

0.381 

D 

1.150 

1.290 

29.30 

32.70 

2 

E 

0.600 

0.625 

15.24 

15.87 

E, 

0.485 

0.580 

12.32 

14.73 

2 

e 

0.100  BSC 

2.54  BSC 

L 

0.125 

0.200 

3.18 

5.05 

L, 

0.150 

3.81 

Q 

0.015 

0.060 

0.38 

1.52 

NOTES  ! 

1.  Index  area;  a  notch  or  a  lead  one  identification  mark 
is  located  adjacent  to  lead  one. 

2.  This  dimension  does  not  include  mold  flash  or  , 
protrusions.   


M 
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SEATING 
PLANE, 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

NOTES 

1.  Index  area;  a  notch  or  a  lead  one  IdenMsatlOiOfniM'k 
Is  located  adjacent  to  lead  one. 

2.  This  dimension  does  not  indude  moM  flash  or 
protrusions. 

A 

0.250 

6.35 

A2 

0.125 

0.195 

3.18 

4.95 

b 

0.014 

0.022 

0.356 

0.558 

b, 

0.070 

1.77 

c 

0.008 

0.015 

0.204 

0.381 

D 

1.380 

1.565 

35.10 

39.70 

2 

E 

0.600 

0.625 

15.24 

15.87 

El 

0.485 

0.580 

12.32 

14.73 

2 

e 

0.100  BSC 

2.54  BSC 

L 

0.125 

0.200 

3.18 

5.05 

L, 

0.1SO 

3.81 

Q 

0.015 

0.060 

0.3S 

1.S2 

N-40A 
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NOTE: 

LEADS  ARE  SOLOER-PLATED  KOVAR  OR  ALLOY  42 


INCHES 

MILUM 

ETERS 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

A 

0.200 

5.08 

b 

0.015 

0.025 

0.38 

0.64 

bi 

0.040 

0.060 

1.02 

1.52 

e 

0.008 

0.015 

0.20 

0.38 

D 

:!.08 

52.83 

E 

0.550 

0.550 

13.46 

13.97 

E, 

0.S80  , 

0.620 

14.73 

15.75 

e 

CIOOBSC 

2.54  BSC 

L 

0.120 

0.17S 

3.05 

4.45 

L, 

0.140 

3.56 

Q 

0.015 

0.060 

0.38 

1.52 

S 

0.110 

2.79 

s, 

0.005 

0.13 

a 

0° 

16* 

0* 

ir 
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P-20A 

20-Lead  Fbwi^Leaded  Chip  Carrier  (PLCC) 


SYMBOL 

INCHES 

MILLIMETERS 

MIN 

MAX 

MIN 

MAX 

A 

0.385 

0.395 

9.78 

10.02 

B 

0.385 

0.395 

9;78 

10.02 

C 

0.165 

0.180 

4.19 

4.57 

D 

0.025 

0.040 

0.64 

1.01 

E 

0.085 

0.110 

2.16 

2.79 

F 

0.013 

0.021 

0.33 

0.53 

G 

0.050  BSC 

1.27  BSC 

H 

0.026 

0.332 

0.66 

0.81 

J 

0.015 

0.025 

0.38 

0.63 

0.290 

0.330 

K 

7.37 

8.38 

R 

0.350 

0.3S6 

8.89 

9.04 

'\) 

0.350 

0.356 

8.89 

9.04 

V 

0.042 

0.048 

1.07 

1.21 

W 

0.042 

0.048 

1.07 

1.21 

X 

0.042 

0.056 

1.07 

1.42 

Y 

0.020 

0.50 

10-38  PACKAGE  INFORMATION 


P-28A 

28-Lead  Plastic  Leaded  Chip  Cairier  (PLCC) 


INCHES 

MIUIMETERS 

SYMBOL 

MrN 

MAX 

MIN 

MAX 

A 

0.485 

0.495 

12.32 

12.57 

B 

0.485 

0.495 

12.32 

12.57 

C 

0.165 

0.180 

4.19 

4.57 

D 

0.025 

0.040 

0.64 

1.01 

E 

0.085 

0.110 

2.16 

2.79 

F 

0.013 

0.021 

0.33 

0.53 

G 

0.050  BSC 

1.27  BSC 

H 

0.026 

0.032 

0.66 

0.81 

J 

0.015 

0.025 

0.38 

0.63 

K 

0.390 

0.430 

9.91 

10.92 

R 

0.450 

0.456 

11.43 

11.58 

U 

0.450 

0.456 

11.43 

11.58 

V 

0.042 

0.048 

1.07 

1.21 

W 

0.042 

0.048 

1.07 

1.21 

X 

0.042 

0.056 

1.07 

1.42 

Y 

0.020 

0.50 

It  mm 
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P-44A 


Symbol 

INCHES 

MILLIMETERS 

MIN 

IVIAX 

MIN 

MAX 

A 

0.685 

1)695 

17.40 

17.65 

B 

0.685 

0.695 

17.40 

17.65 

C 

0.165 

0.180 

4.19 

4.57 

D 

0.025 

0.040 

0.64 

1.01 

E 

0.085 

0.110 

2.16 

2.79 

F 

0.013 

0.021 

0.33 

0.53 

G 

0.050  BSC 

1.27  BSC 

H 

0.026 

0.032 

0.66 

0.81 

J 

0.015 

i].025 

0.38 

0.63 

K 

0.650 

i).656 

16.51 

16.66 

R 

0.650 

0.656 

16.51 

16.66 

U 

0.650 

0.656 

16.51 

16.66 

V 

0.042 

0.048 

1.07 

1.21 

W 

0.042 

11.048 

1.07 

1.21 

X 

0.042 

11.056 

1.07 

1.42 

0.020 

0.50 

Y 

J-44 


(1X45°) 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.100 

0.135 

2.54 

3.43 

2 

A1 

0.054 

0.078 

1.37 

1.98 

A2 

0.025 

0.64 

B 

0.013 

0.023 

0.33 

0.58 

3 

B1 

0.020 

0.032 

0.51 

0.81 

3 

C 

0.006 

0.013 

0.15 

0.33 

3 

D/E 

0.680 

0.700 

17.27 

17.78 

D1/E1 

0.628 

0.662 

15.95 

16.82 

D2/E2 

0.250  BSC 

6.35  BSC 

D3/E3 

0.500  BSC 

12.70  BSC 

D4/E4 

0.610  1  0.650 

15.49  1  16.51 

e 

0.050  BSC 

1.27  BSC 

e1/e2 

0.012 

0.30 

L 

0.030 

0.76 

LI 

0.005 

0.12 

L2 

0.025 

0.76 

Q 

0.003 

0.08 

R 

0.016 

0.38 

m 

0.025 

0.040 

0.76 

1.02 

h 

0.040  REF 

1.02  REF 

j 

0.020  REF 

0.52  REF 

23Hm 

jommrs 

■y 

A 

NOTES 

1.  Pin  1  indicator  is  on  the  bottom  of  the  package. 

2.  Dimension  A  controls  the  overall  package  thickness. 

3.  All  leads— increase  maximum  limit  by  0.003" 
(0.08  mm)  measured  at  the  center  of  the  flat,  whan 
hot  solder  dip  lead  finish  is  appii|e4v'  >  i  j\' 


■0 


J 
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J-68 


(ounioB 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.100 

0.135 

2.54 

3.43 

2 

A, 

0.069 

0.091 

1.75 

2.31 

A, 

0.025 

0.64 

0.013 

0.023 

0.33 

0.58 

3 

B, 

0.020 

0.032 

0.51 

0.81 

3 

C 

0.006 

0.013 

0.15 

0.33 

3 

D/E 

0.980 

1.000 

24.89 

25.4 

D1/E1 

0.920 

0.960 

23.37 

24.38 

D2/E2 

0.400  BSC 

10.16  BSC 

D3/E3 

0.800  BSC 

20.32  BSC 

D4/E4 

0.910 

0.950 

23.11 

24.13 

e 

0.050  BSC 

1.27  BSC 

e1/e2 

0.012 

0,30 

L 

0.030 

0.76 

LI 

0.005 

0.12 

L2 

0.025 

0.76 

Q 

0.003 

0.08 

R 

0.015 

0.38 

R1 

0.02S 

0.040 

0.7S 

1.02 

h 

0.040  REF 

1.02  REF 

i 

0.020  REF 

0.52  REF 

— r 

1 


NOTES 

1.  Pin  1  indicator  is  on  the  bottom  of  tlie  paclcage. 

2.  Dimension  A  controls  the  overall  package  thickness. 

3.  All  leads— increase  maximum  limit  by  0.0003' 
(0.08  mm)  measured  at  the  center  of  the  flat,  whan 
hot  solder  dip  lead  finish  is  applied. 


11  _ 


J  
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n.  n  n 


SVMBOL 

INCHES 

MILUMETERS 

NOTES 

NHN 

MAX 

MIN 

MAX 

A 

ojno 

5.06 

b 

0.014 

0.023 

0.36 

0.58 

7 

b, 

0.030 

0.070 

0.76 

1.78 

2,7 

0.008 

0.015 

0.20 

0.38 

7 

D 

0.405 

10.29 

4 

E 

0.220 

0.310 

5.59 

7.87 

4 

El 

0.290 

0.320 

7.37 

8.13 

6 

e 

0.090 

0.110 

2.29 

2.79 

8 

L  " 

0.125 

0.200 

3.18 

5.08 

L, 

0.150 

3.81 

Q 

0.015 

0.060 

0.38 

1.52 

3 

S 

0.055 

1.35 

5 

0.00S 

0.13 

5 

a 

tr 

0* 

IS* 

NOTES  ,  ^, 

1.  Indn-araa;  «>iKiteh  or-a  IbmM 


is  locaUdadiacent  to  lead  <Mm.'l  '  A 
The  minimum  limit  tor  dimension  bi  may  be  0.8Z3B 
(0.58nnn)  for  all  four  comer  leads  only,  ~  "jj 

Dimension  Q  shall  b«  measured  froyn"gMtiiHBi^wpff 

to  the  base  plane.  4  

0 

This  dimension  allows  for  off-center  lid,  menisoMaT- — 
and  glass  overrun.  3^  _ 


El  shall  be  measured  at  Itie 


5.  Applies  to  all  four  corners. 

6.  Lead  center  when  a  is  0° 
centerline  of  the  leads. 

7.  All  leads  -  increase  maximum  limit  by  0.003"l0.08mm) 
measured  at  the  center  of  the  flat,  when  hot  solder 
dip  lead  finish  is  appiiadi  

8.  Six  spaces.  -| 
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SYMBOL 

INCHES 

MILLIMETERS 

MIN 

MAX 

MIN 

MAX 

NOTES 

A 

0.200 

5.08 

b 

0.014 

0.023 

0.36 

0.58 

7 

b, 

0.030 

0.070 

0.76 

1.78 

2,7 

c 

0.008 

0.015 

020 

0.38 

7 

D 

0.785 

19.94 

4 

E 

0.220 

0.310 

5.59 

7.87 

4 

E, 

0.290 

0.320 

7.37 

8.13 

6 

e 

0.090 

0.11Q 

2.29 

i.T9 

8  . 

L 

0.125 

0.200 

3.18 

5.08 

Li 

0.150 

3.81 

Q 

0.015 

0.060 

0.38 

1.52 

3 

S 

0.098 

2.49 

5 

s, 

0.005 

0.13 

5 

a 

0" 

IB* 

V 

18* 

NOTES 


Index  area;  a  notch  or  a  laad  one  identification  mark 
is  located  adjacent  to  lead  one.  — - 

2.  The  minimum  limit  for  dimension  bi  may  be  0^023*- 
(0.58mm)  for  all  four  corner  leads  only.  _  •  ' 

3.  Dimension  Q  shall  be  measured  from  the  seating  piwilt 
to  the  base  plane. 

4.  This  dimension  allows  for  off-center  lid,  meniscus 
and  glass  overrun. 

5.  Applies  to  all  four  corners. 

6.  Lead  center  when  a  is  0°.  Ef  sliall  be  measured  at  the 
centerline  of  the  leads. 

7.  All  leads  -  increase  maximum  limit  by  O.OOS'  (O.OOmni) 
measured  at  the  center  of  ttie  flat,  when  hot  solder 
dip  lead  finish  is  applied. 

8.  Twehre  spaces. 
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SYMBOL 

INCHES 

MILUMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.200 

5.08 

b 

0.014 

0.023 

0.36 

0.58 

7 

b, 

0.030 

0.070 

0.76 

1.78 

2,7 

c 

0.008 

0.015 

0.20 

0.38 

7 

D 

0.840 

21.34 

4 

E 

0J2li 

0.310 

5.59 

7.87 

4 

El 

0.290 

0.320 

7.37 

8.13 

6 

•i  . 

I^MO 

WIP 

2.29 

2.79 

8 

L 

0.125 

0.200 

3.18 

5.08 

L, 

0.150 

3.81 

Q 

0.015 

0.060 

0.38 

1.52 

3 

S 

0.080 

2.03 

5 

Si 

0.005 

0.13 

5 

a 

«r 

w 

r 

W 

NOTES 

1 .  Index  area:  a  notch  or  a  lead  one  identification  mark 
is  located  adjacent  to  lead  one. 

2.  The  minimum  limit  for  dimension  bi  may  be  0.023" 
(0.58mm)  for  all  four  corner  leads  only. 

3.  Dimension  Q  shall  be  measured  from  the  seating  plane 
to  the  base  plane. 

4.  This  dimension  allows  for  off-center  lid,  meniscus 
and  glass  overrun. 

5.  Applies  to  all  four  corners. 

6.  Lead  center  when  a  is  0°.  Ei  ^aft  lle  nMasurad  at  the 
centerline  of  the  leads. 

7.  All  leads  -  increase  maximum  limit  by  0.003''(0J)8mm) 
measured  at  the  center  of  the  flat,  when  hot  solder 
dip  lead  finish  is  applied. 

8.  Fourteen  spaces. 

"--L^^  ^±  .   yl..L   -  . 
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NOTE  7 


SYMBOL 

INCHES 

MILUMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.200 

5.08 

b 

0.014 

0.023 

0.36 

0.58 

7 

b, 

0.030 

0.070 

0.76 

1.78 

2,7 

.e, 

0.008 

0.015 

0.20 

0.38 

7 

D 

0.960 

24.38 

4 

E 

0.220 

0.310 

5.59 

7.87 

4 

E, 

0.290 

0.320 

7.37 

8.13 

6 

• 

0.090 

0.110 

2.29 

2.79 

8 

L 

0.12S 

0.200 

3.18 

5.08 

L, 

0.150 

3.81 

O  . 

0.015 

0.060 

0.38 

1.52 

3 

s 

0.098 

2.49 

5 

s, 

0.005 

0.13 

5 

a 

0* 

15* 

O" 

15" 

NOTES 

1.  Index  area;  a  notch  or  a  lead  oine  identifieation  mark 
is  located  adjacent  to  lead  one. 

2.  The  minimum  limit  for  dimension  hi  may  be  0.023"-' 
10.58mm)  for  all  four  corner  leads  only.  .  <  "  ! 

3.  Dimension  Q  shall  be  measured  from  the  seating  plaSk  I 
to  the  base  plana.  ^ —  > 

4.  This  dimension  allows  for  off-center  lid,  meniscus  -  -  -  A 
and  glass  overrun. 

5.  Applies  to  all  four  corners. 

6.  Lead  center  when  a  is  0°.     shall  be  measured  at  the 
centerline  of  the  leads. 

7.  All  leads  -  increase  maximum  limit  by  O.OOS'CO.OOmm) 
~  HMnured  at  the  center  of  the  flat  when  hot  solder 

-  -  diP'laad  finish  is  applied. 

8.  Sixteen « 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.200 

5.08 

b 

0.014 

0.023 

0.36 

0.58 

7 

b, 

0.030 

0.070 

0.76 

1.78 

2,7 

c 

0.008 

0.015 

0.20 

0.38 

7 

D 

1.060 

26.92 

4 

E 

0.220 

0.310 

5.59 

7.87 

4 

E, 

0.290 

0.320 

7.37 

8.13 

6 

e 

0.090 

0.110 

2.29 

2.79 

8 

L 

0.12S 

0.200 

3.18 

5.08 

L, 

0.150 

3.81 

Q 

0.015 

0.060 

0.38 

3 

S 

0.098 

2.49 

5 

s, 

0.005 

0.13 

5 

a 

V 

15° 

0° 

IS' 

NOTES 

1.  Index  area;  a  notch  or  a  lead  one  identification  mark 
is  located  adjacent  to  lead  one. 

2.  The  minimum  limit  for  dimension  bi  may  be  0.023" 
(0.58mm)  for  all  four  corner  leads  only.       -  - 

3.  Dimension  O  shall  be  measured  from  the  seatin||-plai^ 
to  the  base  plane. 

4.  This  dimension  allows  for  off-center  lid,  meniscus 
and  glass  overrun. 

5.  Applies  to  all  four  corners. 

6.  Lead  center  vwhni    is  0°.  Ef'shall  btjnwasured  at  the 
eenterifne  of  fKetcnas.  ,r! 

7.  All  leads  -  increase  maximum  limit  by  0.003"(0.Q8mn|) 
measured  at  the  center  of  the  flat,  when  hot  solder  - 
dip  lead  finish  is  applied.  _     .'_  i 

Bi  Eighteen  spaces,  er  t    |  j  eao.C  [  l 
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SYMBOL 

INCHES 

MIUJMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.200 

5.08 

b 

0.014 

0.023 

0.36 

0.58 

7 

b, 

0.030 

0.070 

0.76 

1.78 

2,7 

c 

0.008 

0.015 

0.20 

0.38 

7 

D 

1.175 

29.85 

4 

E 

0.320 

0.410 

8.13 

10.41 

4 

E, 

0.390 

0.420 

9.09 

10.67 

6 

e 

0.100  BSC 

2.54  BSC 

8 

L 

0.12S 

0.200 

3.18 

5.08 

L, 

0.150 

3.81 

Q 

0.015 

0.060 

0.38 

1.52 

3 

S 

0.098 

2.49 

5 

s. 

0.005 

0.13 

5 

a 

0* 

15" 

V 

IB- 

NOTES 

1.  Index  area;  a  notch  or  a  lead  one  identification  mark 
is  located  adjacent  to  lead  one. 

2.  The  minimum  limit  for  dimension  b,  may  be  0.023" 
(0.58  mm)  for  all  four  corner  leads  only. 

3.  Dimension  Q  shall  be  measured  from  the  seating  plane 
to  the  base  plane.  ^ 

4.  This  dimension  allow*  for  off-center  lid,  menisGin — 7 
and  glass  overrun. 

5.  Applies  to  all  four  corners. 

6.  Lead  center  when  a  la  0°.  E,  shall  be  measured  at  the 
canterllna  of  the  leads. 

7.  All  leads  -  increase  maximum  limK  by  OtOOS'  {0.08  mm) 
measured  at  the  center  of  the  Apt,  wlfMy^l^^li'*' 
lead  finish  is  applied. 

8.  Twenty  spaces. 
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SYMBOL 

INCHES 

MILUMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.200 

5.08 

b 

0.014 

0.023 

0.36 

0.58 

7 

b, 

0.030 

0.070 

0.76 

1.78 

2,7 

c 

0.008 

0.015 

0.20 

0.38 

7 

D 

1.280 

32.51 

4 

E 

0.220 

0.310 

5.59 

7.87 

4 

E, 

0.290 

0.320 

7.37 

8.13 

6 

• 

0.080 

0.110 

2.29 

2.79 

8 

L 

0.12S 

0.200 

3.18 

5.08 

L, 

0.1S0 

3.81 

Q 

0.015 

0.060 

0.38 

1.52 

3 

S 

0.098 

2.49 

5 

s, 

0.005 

0.13 

5 

a 

0* 

IS' 

0° 

15* 

1 


l\- — hill  fitl  i  I 


tii 


'SEE 
NOTET 


NOTES 

1.  Index  area;  a  notch  or  a  lead  one  idantifieation  mark 
Is  located  adjacent  to  lead  one.  . 

2.  The  minimum  limit  for  dimension  bi  may  be  0.023' 
10.58mm)  for  all  four  corner  leads  only. 

3.  Dimension  Q  shall  be  measured  from  the  seating  plana 
to  the  base  plane.  > 

4.  This  dimension  altowto  foraift'eatritwjMt  iw  — I 
and  glass  owerrUiCT  .^'IJJT*?  '^^  1  ZM  J 

5.  Applies  to  all  foiir  cornaiA^°  °  .[  1*^ 

6.  Lead  canter  when  a  is  O'.lii'dhall  be  measured  it  the 
centerllne  of  the  leads. 

7.  All  leads  -  increase  maximum  limit  by  0.003"l0.08mm) 
measured  at  the  center  of  the  flat,  when  hot  solder 
dip  lead  finish  is  applied.  ' 

8.  Twenty-two  spaces.  — 
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Ma 


NOTE? 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.225 

5.72 

b 

0.014 

0.026 

0.36 

0.66 

7 

b, 

0.030 

0.070 

0.76 

1.78 

2,7 

c 

0.008 

0.018 

0.20 

0.46 

7 

D 

1.490 

37.85 

4 

E 

0.500 

0.610 

12.70 

15.49 

4 

E, 

0.590 

0.620 

14.99 

15.75 

6 

e 

0.090 

0.110 

2.29 

2.79 

8 

L 

0.125 

0.200 

3.18 

5.08 

L, 

0.150 

3.81 

O 

0.015 

0.38 

3 

S 

0.100 

2.54 

5 

Si 

0.005 

0.13 

5 

a 

0* 

IB* 

0* 

IB' 

NOTES 
1 


■tion  mark' 


Index  area;  a  notch  or  a  lead  pfialjlimffieati 
is  located  adjacent  to  lead  one.-*  -f 

2.  The  minimum  limit  for  dimension  bi  may  be  0.033*^  ' 
|0.58mm)  for  all  four  corner  leads  only. 

3.  Dimension  Q  shall  be  measured  from  the  seating  plane 
to  the  base  plane. 

4.  This  dimension  allows  for  off-center  lid,  meniscus 
and  glass  overrun. 

5.  Applies  to  all  four  corners. 

6.  Lead  center  when  a  is  (l^.,Mt  sHilt  baHfevured  ft  the 
centerline  of  the  leads. 

7.  All  leads  -  increase  maximum  limit  by  0.003"(0.08mm) 
measured  at  the  center  of  the  flat,  when  hot  solder 
dip  lead  flnlah  is  applied. 

8.  Twanty-ste  apacM. 
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SEE 
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l^Lead  Narrow-Body  Sp 


i 
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4*>  SEATING 


hx45' 


SEE  DETAIL 
ABSit. 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

f 

NOTES 

1.  Package  dimensions  conform  to  JEDEC  specification 
MS-012-AB  (Issue  A,  June  1985). 

2.  Index  area;  a  dimple  or  lead  one  identification  mark  is 

MiN 

MAX 

MIN 

MAX 

A 

0.0S32 

0.0688 

1.35 

1.75 

b 

0.0138 

0.0192 

0.35 

0.49 

c 

0.0075 

0.0098 

0.19 

0.25 

located  adjacent  to  lead  one  and  is  within  the  shaded 

D 

0.3367 

0.3444 

8.55 

8.75 

areasnown.         ^  , 

E 

0.1497 

0.1S74 

3.80 

4.00 

H 

0.2284 

0.2440 

5.80 

6.20 

» 

e 

0.051 

MBSC 

1.27 

BSC 

h 

0.0099 

0.0196 

0.25 

0.50 

If.  -    !     ^'EiO  !  M(HL« 

a 

L 

0.0160 

0.0500 

0.41 

1.27 

Q 

0.0040 

0.0098 

0.10 

0.25 

a 

0° 

r 

0° 

8° 

9«oa.o 

\8ro.o  1  J 
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R-16  (S-^ii£fix) 

ii-Lead  Wide-Body  S6^ 
(SOL-16) 
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SEATING 
PLANE 


hx4S° 


.±JT 


SEE  DETAIL 
ABOVE 


SYMBOL 

MILUMETERS 

NOTES 

MM 

MAX  . 

MIN 

MAX 

A 

0.0926 

0.1043 

2.35 

2.6S 

b 

0.0138 

0.0192 

0.35 

0.49 

c 

0.0091 

0.0125 

0.23 

0.32 

D 

0.3977 

0.4133 

10.10 

10.50 

E 

0.2914 

0.2992 

7.40 

7.60 

H 

0.3937 

0.4193 

10.00 

10.65 

e 

0.0500  BSC 

1.27  BSC 

h 

0.0098 

0.0291 

0.25 

0.74 

L 

0.0157 

0.0500 

0.40 

1.27 

Q 

0.0040 

0.0118 

0.10 

0.30 

a 

0° 

r 

0° 

8° 

NOTES  ,1 

1.  Package  dimensions  conform  to  JEOEC  ^pacifle^on  ~| 
MS-013-AA  (issue  A,  June  fiK).  ^  'i 

2.  Index  area;  a  dimpie  or  iead  one  identification  mark  isi 
located  adjacent  to  lead  one  and  is  within  the  sCndad  j 
areashowm..  -        .      _   . — : 

d  I 


■2.  i  '^'-^ZI  ^2:0.0  [ee;- 


R-16A  (S-Suffix) 
16^Lead  NaiTOw  Body  SO 


SEE 
H0TE2 


n  fi  n  n  fi  n  fij 


y  y  y  y  y  y  y  y. 


hx45' 


SEATING 
PLANE 


«E  DETAIL 
ABOVE 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.0532 

0.0688 

1.35 

1.75 

b 

0.0138 

0.0192 

0.35 

0.49 

c 

0.0075 

0.0099 

0.19 

0.25 

D 

0.3859 

0.3937 

9.80 

10.00 

0.1497 

0.1574 

3.80 

4.00 

H 

0.2284 

0.2440 

5.80 

6.20 

e 

0.0500  BSC 

1.27  BSC 

h 

0.0099 

0.0196 

0.25 

0.50 

L 

0.0160 

0.0500 

0.41 

1.27 

Q 

0.0040 

0.0098 

0.10 

0.25 

a 

V 

r 

O" 

8° 

NOTES 

1.  Package  dimensions  conform  to  JEDEC  spacificatioii 
MS-612-AC  (Issue  A,  June  1985). 

2.  Index  area;  a  dimple  or  lead  one  identification  marie  Is 
located  adjacent  to  lead  one  and  is  within  the  shaded 


area  shown. 
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R-18  (S-Su£fix) 
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-H 

e  (- 

b 

INCHES 

MILLIMETERS 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

NOTES 

,-•■(;  A-  -. 

0.1043 

2.35 

2.65 

b 

0.0138 

0.0192 

0.35 

0.49 

c 

0.0091 

0.0125 

0.23 

0.32 

D 

0.4469 

0.4625 

11.35 

11.75 

E 

0.2914 

0.2992 

7.40 

7.60 

H 

0.3937 

0.4193 

10.00 

10.65 

e 

0.0500  BSC 

1.27  BSC 

h 

0.0098 

0.0291 

0.25 

0.74 

L 

0.0157 

0.0500 

0.40 

1.27 

Q 

0.0040 

0.0118 

0.10 

0.30 

a 

0° 

8° 

0" 

8° 

SEATING 
PLANE 


NOTES 

1.  Package  dimensions  conform  to  JEDEG  spacificvtlon 
MS-013-AB  (Issue  A,  June  1985). 

2.  Index  area;  a  dimple  or  lead  one  identification  mark  is. 
located  adjacent  to  lead  one  and  is  within  the  shaded 
area  shown.   ■  1 


W-«  mCKAGE  INFORMATION 
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SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.0926 

0.1043 

2.35 

2.65 

b 

0.0138 

0.0192 

0.35 

0.49 

c 

0.0091 

0.0125 

0.23 

0.32 

D 

0.4961 

0.5118 

12.60 

13.00 

E 

0.2914 

0.2992 

7.40 

7.60 

H 

0.3937 

0.4193 

10.00 

10.65 

e 

0.0500  BSC 

1.27  BSC 

h 

0.0098 

0.0291 

0.25 

0.74 

L 

0.0157 

0.0500 

0.40 

1.27 

Q 

0.0040 

0.0118 

0.10 

0.30 

a 

0° 

8° 

0° 

r 

NOTES-     •■'■ir  :         i  33^D«! 
1.  Package,  dimensions  cont^ip^tS^ 
MS-01 3^AC  (Issue  A,  June  198S>. 
2i<-bi^x  area;  a  dimple  or  lead  one  identification  mark  is 
looted  adjacent  to  lead  one  and  is  within  the  shaded 


aru  flvown. 
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^l^iead  WU^-Bod^  iSO 


SEE 
NOTE  2 
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SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.0926 

0.1043 

2.35 

2.65 

b 

0.0138 

0.0192 

0.35 

0.49 

c 

0.0091 

0.0125 

0.23 

0.32 

D 

0.SS8S 

0.6141 

15.20 

15.60 

E 

0.2914 

0.2992 

7.40 

7.60 

H 

0.3937 

0.4193 

10.00 

10.65 

e 

0.0500  BSC 

1.27  BSC 

h 

0.0098 

0.0291 

0.25 

0.74 

L 

0.0157 

0.0500 

0.40 

1.27 

Q 

0.0040 

0.0118 

0.10 

0.30 

a 

0* 

r 

0° 

r 

NOTES 

1.  Package  dimensions  conform  to  JEDEC  specification 
MS-013-AD  (Issue  A,  June  1985). 

2.  Index  area;  a  dimple  or  lead  one  identification  marie  is 
located  adjacent  .fStBVWf^Hd  is  within  the  ihadad 
area  shown.  ^  ' 


R-28  (S-Suffix) 

^Lead  Wide-Body  SO 
(SOL-28) 


NOTE  2 
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SEE  DETAIL 
ABOVE 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.0926 

0.1043 

2.35 

2.65 

b 

0.0138 

0.0192 

0.35 

0.49 

c 

0.0091 

0.0125 

0.23 

0.32 

D 

0.6968 

0.7125 

17.70 

18.10 

E 

0.2914 

0.2992 

7.40 

7.60 

H 

0.3937 

0.4193 

10.00 

10.65 

e 

0.0500  BSC 

1.27  BSC 

h 

0.0098 

0.0291 

0.25 

0.74 

L 

0.0157 

0.0500 

0.40 

1.27 

O 

0.0040 

0.0118 

0.10 

0.30 

a 

0" 

8° 

O" 

V 

NOTES 

1.  Package  dimensions  conform  to  JEDEC  specification 
MS-013-AE  (Issue  A,  June  1985). 

2.  Index  area;  a  dimple  or  lead  one  Identification  mark  Is 
located  adjacent  te 'toad  one  and  Is  Within  tlWiiKldwt 
area  sliown. 
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Guide 


I,  a  multioption 

.  Stl..  J  I£r--r-.0 


INTRODUCTION 

This  Ordering  Guide  should  make  it  easy  to  order  Analog  Devices  products,  whether  you're  buying  one  IC  op 
subsjMlem,  or  lOOOeadiof  IS  diflEnmt  ttems. &will  h^yoa: .     .    .  . 

1.  Find  the  correct  part  number  for  the  options  you  want.  -.  :tiifi»»A  Bia?.  Mik  jr,-'  ;• 

2.  Get  a  price  quotation  and  place  an  order  with  us.  -  -  ■  -  itx:'?  icr -b-jLV  .  ■ 

3.  Know  our  warranQr  ibr  components  and  subsystems.   

For  uBwers  to  fiirdier  i|BC*iiai^  oOl  the  nearest  stteroflier^liHrai  at  Hie  bade  of  liw  bocdc)  or  our  maiik  ofiSce  Ut  Nbrwoocf;  Mass. 
U.S.A.  (617-32M70©. 


MODEL  NUMBERING 

In  this  reference  manual  many  of  the  data  sheets  for  products  having  a  number  of  standard  options  contain  an  Ordering  Guide.  Use  it 
to  specify  the  correct  part  number  for  the  exact  combination  of  options  you  want.  Two  model  numbering  schemes  are  used  by  Analog 
Devices.  The  Snt  model  numbering  scheme  is  used  for  designating  standard  Analog  Devices  monolithic  and  hybiiil  {soducts.  The 
second  sdMMe  it  Uled  by  our  Pndsion  Monolitbics  Diviuon  (fcwmeily  PMI)  as  designators  for  its  product  line. 

Figure  1  shows  die  form  of  model  number  used  for  our  proprietary  standard  monolitfaic  ICs  and  many  of  our  hybrids.  It  consists  of 
an  "AD"  (Analog  Devices)  prefix,  a  3-to-S-digit  number*,  an  alpluibetic  petformance/tempoature-range  designator  and  a  package 
designator.  One  at  two  additioiial  letters  may  imnwdiairiy  follow  the  digits  ("A"  for  seamd-geneiation  redesigned  ICi,  "DI"  for 
dielectrically  isolated  CMOS  switches,  e.g.,  ADS36AJH,  AD7S12DIKD). 

Figiue  2  shows  a  different  numbering  scheme  used  by  out  Precision  MonoUthics  Diviston.  This  numbering  scheme  starts  with  a 
prefix  which  designates  the  device  type  and  model  number.  It  is  then  followed  by  a  sitfBx  consisting  of  alphabetic  designators  (as 
^[^il^gMhfe^  to.  'fflfflj^'^'p-iclfljtitwwri  tfmiffliffnBl  designittioiis  or  cations  imd  packaging  optirais. 


[NANN] 

XXXX    A  Y 


1  OR  2  LETTERS  PROVIOE 
ADDITIONAL  GENERAL  INFORMATION 
A:  SECOND  GENERATION 
DI:  DKLECraCAtLY  nOLATS) 
Z:  OPERATION  ON  ±12V  SUFPUES 


PERFORMANCE-TEMPERATURE 
RANOE  DEStONATOR' 


-WCOR-WC 

TO  +as°c 


-BrC10t12S°C 


1  PARAMETRIC 
*  PERFORMANCE 

BEST  OVERALL 
PERFORMANCE 

1  INCREASING 
*  T  PERFORMANCE 
B 

C    BEST  OVERALL 
PERFORMANCE 

1  INCREASING 
^    '  PERFORMANCE 

U    BEST  OVERALL 


PACKAGE  OPnONS: 


HERMETIC  DIP,  CERAMIC  OR  METAL 
CERAMIC  LEADLESS  CHIP  CARRIER 
CERAMIC  FLATPACK 
CERAMIC  PIN  GRID  ARRAY 
HERMETIC  METAL  CAN 
J-LEADED  CERAMIC 
HERMETIC  METAL  CAN  DIP 
PLASTIC  OR  EPOXV  SEALED  DIP 
PLASTIC  LEADED  CHIP  CARRIER 
CERDIP 

SMALL  OUTLINE  "SO "  PACKAGE 
PLASTIC  QUAD  FLATPACK 
TO-92  STYLE  PACKAGE 
W    NONHERMETIC  CERAMIC/GLASS  DIP 
Y     aiHQLE-INUNE  "SIP'  PACKAGE 
Z  CERAMKLEAOEOCMPCARMER 


EXAMPLES: 
ADS21KCHIPS 
AD7S24AD 


IMONOLITHK:  CMOS  chips  in  the  ADTSXX  SERIES 
WERE  FORMERLY  DESKSNATED  AD79XX/COM/CHIPS 
AND  ADTSXXnUUCHIPS  AND  MAY  APPEAR  ON  PRICE 
LWIt  Wrm  THOaS  DESnHKnOiB.  eOMMLT  ANALOG 


Figure  1.  Model-Number  Designations  for  Standard  Analog  Devices  Monolithic  and  Hybrid  IC  Products.  S,  Tand  U 


I4i|kIlell(rIt«o  oc  Anc  di|itt]  is  asal  inlsad  of  ADXXXX,  2SaS. 


1H2  Afmmix 


DAC-XX  Bl 


DEVICE  TYPE  AND  Model  NUWER 


DEVICE  TYPE; 


ADC 
AMP 
BUF 
CMP 
DAC 
JAN 
LIU 
MAT 
MUX 
OP 
PKD 
PM 
REF 
RFT 
SMP 
SW 
SSH 


ANALOG-TO-DIGITALCONVEmER^  'J!'"  ' 
INSTRUMENTATION  AMPLIRER 
BUFFER  (VOLTAGE  FOLLOWER) 
COMPARATOR 

DIGITAL-TO-ANALOG  CONVERTER 
MIL-M-38510  SLASH  SHEET 
HIGH  SPEED  SERIAL  DATA  RECEIVER 
MATCHED  TRANSISTOR 
MULTIPLEXER 

PROPRIETAflV  OPERATntULMnjnER 
PEAK  DETECTOR 
SECOND-SOURCE,  INDUSTRY  8 
VOLTAGE  REFERENCE 
PCM  LINE  REPEATER 
SAMPLE-AND-HOLD  AMPLIFIER 
ANALOG  SWITCH 
SOUD  STATE  MUSIC  PRODUCT 
mniBRATURE  SENSOR 


BURIUN  OPTION 
PM  OFPEfK  MOST  VnVC,  -25  't85  "C  AND  4ff  '^S'-C 
DEVlCeS  WITH  BURN-IN.  PARTS  WITH  THIS  OPTION  ARE 
SPECIFIED  WITH  THE  LETTERS  Bl  ADDED  BETWEEN  THE 
MODEL  NUMBER  AND  THE  ELECTRICAL  GRADE.  FOR 
EXAMPLE,  TO  OnOER  DA&MEO  WITH  BURH-IN,  THE 


m 


Q  /883 


ELECTRICAl-ORADE 
BCLECT  ELECTWCAL  ORADE 
FROM  DATA  SHEET. 


MIL-STD-M3,  CLASS  B,  REVISION  C  OPTION 

PMI  -55  C  TOt125CDEVICESARE  AVAILABLE 
WITH  HIL-STD.8S3.  CLASS  B  SCREENING  AS 
STANDARD  PRODUCTS.  TO  ORDER  AN  e«3  PART, 
SIMPLY  ADD  THE  DESIGNATION  .'883  TO  THE  PART 
NUMBER,  FOR  EXAMPLE,  THE  0AC-08AQ,  SCREENED 
TO  THE  883  REQUIREMBIT8  WOUU)  BG  OflOGREO 
AS  A  DAC.48AQ/B83,  CONTACT  FACTOHV  POfI  8B3 
DEVICE  SPEOFICATIONS. 


PACKAQE  SUFFIX 


PACKAGE  TYPE: 

H  6-LEAD  TO-7S  CAN 

J  8-LEAD  TO-aS  CAN 

K  ia-LEADTO-100CAN 

O  NOT  USED 

P  EPOXY  DIP 

PC  PLASTIC  LEADED  CHIP  CARRIER 

Q  1S-LEAD  CERAMIC  DIP 

R  20-LEAD  CERAMIC  DIP 

RC  20-POSmON  LCC* 

S  SMALL  OUTLINE  PACKAQE 

T  28-LEAD  CERAMICDIP 

TC  28-POSniON  LCC* 

U  NOT  USED 

V  24-LEAD  CERAMIC  DIP 
X  1»4-EAD  CERAMIC  DIP 

Y  14-LEADCEIUIIICDIP 

z  njEia»CBmtfetm> 

'AVAILABLE  «nni  JM3^»«n  PROCEBaMQ 
ONLY.  ' 


■■■  'iA 
V-  ..A 

x.-  ^  .lA 
X  ■  '■A 

*C  OA 
01  ^OA 

lA 

?;  :^ 

'J  ■■  ..^A 
V  lA 

- :./: 

i 

OKDERING  FROM  ANALOG  DEVICES  !' 
When  pladng  an  (»der,  please  provide  specific  infbimation  r^arding  model  type,  number,  option  designations,  quantity,  ship-to  and 
bill-to  address.  Prices  quoted  are  list;  they  do  not  include  aj>plicible  taxes,  customs,  or  shipping  charges.  All  shipments  are  F.O.B. 
factory.  Please  specify  if  air  shipment  is  required. 

Place  your  orders  with  our  local  sales  office  or  representative,  or  directly  with  our  customer  service  group  located  in  the  Norwood 
facility.  Orders  and  requests  for  quotations  may  be  telephoned,  sent  via  FAX  or  TELEX,  or  mailed.  Oiders  will  be  admoi^ellged 
when  received;  billing  and  deUvery  information  is  included.  ^-^      ,  \ 

Payments  for  new  accounts,  where  open-account  credit  has  not  yet  been  established,  Will  be  C.O.D.  or  prepaid.  Analog  T3en^^lM^ 
imum  order  value  is  two  himdied  fifty  dollars  ($2S0.00).  ' ' 

Vhen  prqnid,  orders  dioultf  imliide  $2.50  additional  for  packaging  and  posage  (and  a  S%  sales  tax  on  the  price  of  tlie  goods  if  you 
are  ordering  for  delivery  to  a  destination  in  Massachusetts). 

You  may  also  order  Analog  Devices  parts  through  distributors.  For  information  on  distributors,  please  see  pages  11-12  and  11^13  at 
the  back  of  this  volume.        ■  ,  ,  pv 


Figure  2.  Precision  Monolithics  Division's  Product  Designations 


WAKRANTY  AND  REPAIBi  CHARGE  POLICIES 

All  Analog  Devices,  Inc.,  products  are  warranted  against  defects  in  workmanship  and  mateiak  lender  normal  use  and  service  £kr  one 
year  &om  the  date  of  their  shipment  by  Analog  Devices,  Inc.,  except  that  components  d>Gdiied'&om  others  are  warranted  only  to  tfafe 
extent  of  the  original  manufaetnrers'  warranties,  if  any,  except  for  component  test  systems,  Whfi^faave  a  180-day  warranty,  and 
)>MAC  and  MACSYM  systems,  which  have  a  90-div  waiiantyi  Tbis  warrant  does  not  extend    any  products  which  have  been  sub- 
jected to  misuse,  n^ect,  accident,  or  iminoper  installation  or  Iqiplication,  or  which  have  beat  repaired  or  altered  by  others.  Analog 
Devices'  sole  liability  and  the  Purchaser's  sole  remedy  under  this  warranty  is  Umited  to  repaifiilg  or  replacing  defective  products. 
(The  repair  or  replacement  of  defective  products  does  not  extend  the  warranty  period.  This  mtianty  does  not  apply  to  components 
which  are  normally  consumed  in  operation  or  vrbich  have  a  n^tsi^  Ufe  inherently  sb^tor  IbSU^jlpE^ear,)  Analog  Devices^ 
not  be  liable  for  consequential  dam^es  under  my  dreumsta^S. 

THE  FOREGOING  WARRANTY  AND  REMEDY  ARE  IN  LIEU  OF  ALL  OTHER  REMEDIES  AND  ALL  OTHOt 
WARRANTIES,  WRITTEN  OR  ORAL,  STATUTORY,  EXPRESS,  OR  IMPLIED,  INCLUDING  ANY  WARRANTS 


Product  Families  Not  Included  in  the  Reference  Manual 
(But  Still  Available) 


The  infonnation  published  in  this  Reference  Aianual  is  intended  to  a^t  the  user  in  choosing  components  for  the  design  of  neu) 
equipment,  using  the  most  cost-effective  products  available  from  Andog  Devices.  TIie.|i^u%  jp^duct  types.listed  below  may  have 
been  designed  into  your  circuits  in  the  pa^t,  but  they  are  no  longer  likely  to  be  Ernest  eeomimic  Choice  for  your  new  designs. 
Neverdi^Iess,  we  recognize  thtt  it-tS'  afieen  a  wise  choice  to  refiain  &om  redesignii^  proven  eqi^ment,  and  <ai|  'iUi  '^ei^Diii*B  to 
make  tbtae  sflo^i^-V'^M&'M'''^Miaastiog  designs.  Data  sheets  on  these  ptDdnctMK  xmOiAk.iveiiampHt  x» 


Model  ri(irt»^«j 

Model 

Model  .wftvi^joi-j: 

ADIOI 

AD7541 

DAS1150             j-.  v-  V, 

AD201 

DAS1151              . ,       '  ' 

1  AD7546 

AD293 

_____  AD7550 

.  -  1     1       DAS115S              '      ^  '. 

AD294 

AD7552 

1     1       DAS1156        ^    ,  . 

AD301 

AD7576 

'  '     '  DRC1705 

AD301AL 

AD7772 

DRC1706  -'V 

AD367 

AD9502 

DSC1705 

AD368 

AD9611 

DSC1706                    .  . 

AD369 

AD9686 

HDS-1240E 

AD370/371 

ADC-908 

HOS-050/050A/050C 

AD392 

ADC-912 

HOS-060 

AD503 

ADC1130 

HTC-0300A 

AD504 

ADC1131 

HTS-0010 

AD506 

ADC1143 

HTS-0025 

ADS  10 

ADC-12QM 

JM385 10/1 1301/1 1302 

ADS  15 

AD  DAC-08 

MUX-88 

ADS  18 

AD  DAC71 

PM-562 

ADS33 

L         AD  DAC72 

■»^J  1   PM-7541 

AD535 

ADEB770 

PM-7574        ,  , 

ADS4S 

CAV-1210 

RDC-1700  ■> 

ADS67 

DAC-QS 

RDC-1702 

AD611 

ut;  jiS  t'ncwvfc  Rl)t>l704'  ^ 

AD6S1 

DAOOl 

RDC-1725 

AD1147 

DAC-02/03 

RDC-1726 

At)1148 

DAC-05/06 

RDC-1768 

AD1403 

DAC-IOZ 

RTM  Series 

AD2004 

DAC-12M 

SDC1700 

Model- 


AD2006 '  J'l  JiiJ  ">  ^■''■^  i/i  *^8DAG'12QS 


nwjbiw  in...  SDC1702 


40 

44 

45 
46 
50 
51 
118 
148 
171 
184 
234 
235 
261 
275 
277 
28S 
288 
310 
429 
433 
434 
435 
436 
440 
442 
4S0 


-.J 


AD200S-  '•osJm  ad  IMw  nslttO  feAG-12QZ  '  '  - '  »  X*'*  »i  ' 

■SDC1704 

451 

AD2009 

DAC-20 

SDC1725 

452 

AD2016  - 

DAC71/72            ■  :w 

SDC1726 

453 

AD2020 

DAC-86 

SDC1768 

458 

AD2033 

DAC-88 

SHA-5 

460 

AD2040 

DAC-89 

SHA-1134 

603 

AD3554 

DAC-210 

SHA-1144 

751 

AD3860 

DAC-888 

SMP-81 

756 

AD5200  Series 

DAC1108 

STM  Series 

903 

AD5210  Series 

DAC1136 

SW-01/02 

906 

AD7110 

DAC1138 

SW-7510/7511  2B24 

915 

AD7240 

DAC1146 

2B34 

926 

AD7520 

DAC-1408A 

2B35 

947 

AD7521 

DAC1420 

2B50 

959 

AD7522 

DAC1422 

2B52 

968 

AD7523 

DAC1423 

2BS3 

972 

AD7525 

DAC1508A 

2B56 

AD7S30 

DAC-82U 

2B57 

^37531 ■     ■  ^It.xh  .;. 

tu4  Aftmtam 


Sutetitution  Guide  for  Product  Families 

No  Longer  Available 


The  products  listed  in  the  left-hand  column  are  no  longer  available  from  Analog  Devices.  In  many  cases,  comparable  functions  and 


performance  may  be  obtained  with  newer  models,  Js^j;^ 
Analog  Devices  equivalent,  physically  and  ele 
infotnujtii^oag^ct  your  local  sales  office. 


-they  are  not  directly  interch^jgpajtilp.  The.  closest  recommended 


Model  "  '"^ 

AD108/208/308 
AD108A/20gA/308A 
ADl  11/21^1,;', 
AD345        '  ' 
AD351 
AD362 
AD376 
ADSOl 
AD502 
AD505 
ADS08 
ADSII 
ADS12 
AD513 
ADS  14 
ADS  16 
ADS20 
AD523 
ADS28 
AD530 
AD531 
AD540 
AD559 
AD565 
AD566 
AD612 
AD614 
AD689 
AD801 
AD810-813 
AD814-816 
AD818 
AD820-822 
AD830-833 
AD83S-839 
AD114S 
AD1408 
AD1S08 
AD1678 
AD1679 
AD1779 
AD2003 
AD2022 
AD2023 
AD2024 
AD2025 
AD2027 

>-mV( 


an't' 

■  ,■,■t-■ 


•:.n  ; 


ChMMt 

Recominejided'  -'■ 
Eqnivatent' 

AD705 
AD705 
AD790 
AD1321/1322 
AD790 
AD1362 
AD1376 
AD711 
AD711 
AD509 
AD517 
AD711 
AD711 
AD711 
AD711 
AD711 
AD524 
AD549 
AD711/744 
AD533 
AD532 
AD544 

AD557/AD5S8 
AD565A 
AD566A 
AD524 
AD524 
ADS86 
AD711 
None 
None 
None 
None 
None 
None 
AD7846 
ADSS8 
ADSS8 
AD678 
AD679 
AD779 
AD2021 
None 
None 
None 
None 
None 
ifane 


Model 

AD2037 

AD2038 

AD5010/6020 

AD6012 

AD7115 

AD7513 

AD7516 

AD7519 

AD7527 

AD7544 

AD7S55 

AD7560 

AD7570,  :  , 


AD7583 

AD90U 

AD9S21 

AD%1S 

AD9685 

AD9687 

AD9688 

AD  ADC-816 

ADC-8S 

ADC-IOZ 

ADC-12QL 

ADC-12QZ 

ADC-14I/17I 

ADC-1100 

ADC1102 

ADC  1103 

ADC1105 

ADC1109 

ADCllll 

ADCU21 

ADC1123 

ADC1133 

ADC-QM 

ADC-QU 

AD  DAClOO 

ADG200 

ADG201 

ADLH0032G/CG 
ADLH0033G/CG 
ADM501 
ADPSOl 
ADREFOl 
ADREF02 
ADSHC-S5 


Ooiest  (*\<.:>- 
RecomiuMaa-'JO 
■'Eqnivaleati'O'O^X 

' " " :  u  ' 


None  „  . 
None 
AD9000 
AD565A  '   '  ■ 
AD7111 
ADG201A 
AD7510DI 
None 
AD7548 
AD7548 
ADUi^SK 
None 

AD7S7WAD7580 

AD7579/AD75ffl) 

AD7880+Mra 

AD9002 

AD640 

AD9611/AD9617 
AD96685 
AD96686 
AD9002/AD90^8 
AD7820/AD7?21 
AD673 
AD574A 
AD7578 


AD574A/AD67fA, 
AD1170 

AD7550/AD^|S2,'.; 

AD7870 

AD7572A 

AD7550/AD7552 

AD7572A 

AD574A 

AD7880 

AD7880 

AD574A 

ADS74A/AD674A 

ADS74A/AD674A 

ADS61 

None 

ADG201A 

AD843 

AD9620/AD9630 
None 
None 
REF-01 
REF-02 
-AD58S 


Model 

AMP-OIBX 
AMP-01BX/883C 
AMP-05BX 
AMP-05BX/883C 
API1620/1718 
BDM  1615/16/17 
BUF-03BJ/883C 
CAV-0920/1020 
CAV-1202 
CAV-1205 

cMp-oiz 

aiiQ>-OSBJ 
CMP-OSBZ 
CMP-05GJ 
CMP-404BY 
CMP-404BY/883C 
DAC-02ACX1 
DAC-OSAXl 
DAC-05EX1 
DAC-IOBX 
DAC-IOCX 
DAC-IODF 
DAC-IOH 
DAC-14QM 
DAC-16QM 
DAC-100AAQ7 
DAC-100AAQ8 
DAC-100ABQ7 
DAC-100ABQ8 
DAC-100BBQ5/ 

883C 
DAC-100BCQ7 
DAC-100DDQ7 
DAC-312BR 
DAC-888AX 
DAC-888BX 
DAC1009 
DAC1106 
DAC1I12 
DAC1118 
DAC1122 
DAC112S 
DAC1132 
DAC-1408-6P 
DAC-1408-7P 
DAC-1408-7Q 
DAC-1408-GQ 


-■  ''I  Clo8erf''^Af3{!0 
Recomiil^acDe':! 
Equivaleat  '"'""'T 

AMP-OIAX 
AMP-01AX/883C 
AMP-05AX 
AMP-05Z/883C 
Consult  ADI  ' 
None 

BUF-03Aj/883C 
AD9020/9060 

Ai»aos 

AD9005 
CMP-Oll 
CMP-05CJ 
CMP-05CZ 
CMP-05CJ 
CMP-464Ay 
CMP-404AY/883C 
DAC-02CCX1  :^ 
DAC-02CCX1 
DAC-02CCX1 
DAC-IOFX 
DAC-IOGX 
AD568 
DAC-IOZ 
DAC1136  "[ 
DAC1136 
DAC-100ACQ7 
DAC-100ACQ8 
DAC-100ACQ7 
DAC-100ACQ8 
DAC:100^U7QS/. 

8830 
DAC-100BBQ7 
DAC-100CCQ7 
DAC-312ER 
DAC-888EX 
DAC-8g8EX 
AD767 
AD568 
DAC12QS 
AD767 
AD7541A 
AD7S33 
AD667 
DAC-1408-8P 
DAC-1408-8P 
DAC-1408-8Q 
DAC-1408-8Q 


DAC-1508A-8Q       DAC-1408r8Q  . 


Closest 

Closest 

Qoscst 

Recommended 

~  ilecoiirtiiCTMlcd 

Recommended 

EqUiMleiit'  '  ' 

''-'Miidel^-  ■ 

EqlilvaleMtx"^^ 

Model 

Equivalent 

DRC1765/66 

AD2S6S/66 

OP-02EZ 

OP-I77GZ 

PM-157J 

PM-175J/883C 

DSC160S/06 

DSC1705/06;  SDC1740  OP-02J 

OP-02AJ 

PM-157J/8«eiO 

PM-1S7AJ/883C 

DSC176S/S6 

AD2S6V66 

OP-02AZ/883C 

PM-208AJ 

FM-108AJ/883C 

DTM17IM7 

AD2S65/66  . 

OP-04DY 

OP-04CY 

PM-208AZ..-i-, 

PM-108AZ  • 

HAS-0802 

HAS12fi2A 

np-04f;Rr 

OP-04NBC 

PM-308AZ 

PM-1008GZ 

HAS-1002 

XXno  LMIAlX 

\Jt  yrr  I  / 00?^ 

OP-04AY/883C 

PM-308J 

PM-1008G 

HAS-1202 

OP-05Z 

OP-05AZ 

PM-4136RC 

OP-11ARC/883C 

HDD-1015 

n\J7l  L£A 

KJr-iJj/oojyj 

OP-05AZ/883C 

PM-562AV 

PM-562HV 

HDD- 1409 

OP  n^RT/ssar' 

\Jr-\JOD}  iooSKj 

OP-06AJ/883C 

OP-06GZ  r;.;  "' 

PM-562BV 

PM-562HV 

HDG-0805 

PM-562FV 

PM-562HV  .' 

HDH-0802 

A  rwi71  3  A 
AUy/  Ida 

OP-06GZ 

PM-562GV 

PM-562HV 
OP-02AJ 

HDH-1003 

&  r*Q7 1  3  A 

op_nc  A  T 

PM-1008AJ 

PM-741J 

HDH-1205 

A  r\07 1  a  A 
AUy/  14A 

OT>  AQ  A  T/QQa^^ 

PM-10O8AJ/883C 

RAC1763 

None        .  ..   ■  ' 

HDL-3805 

AUV4j3/AiJV4/o 

AQ  A  v/Qoa*^ 
U  "-Uo  AZi/o  8  3C 

PM-1008AZ/883C 

RDC1602/03 

RDCi702/oi^i;^;? 

None 

HDL-3806 

A  TWTAKII  ATWTA'JQ 

PM-1008AZ/883C 

RDC1711 

HDM-1210 

A  T\^^o/  A  T'\fni  1  A 

ADooo/ AD97 1 3A 

Or-OBtJ 

PM-1008EJ 

RDC1721 

AD2S46 

HDS-0810E 

A  TViT  1  T  A 

AUy/ IZA 

PM-1008EZ 

RDC1767 

RDC1768 

HDS-0820 

A  1^0*7 1  3  A 

f\n  AQAD/^/OOa/^ 

Ur-UyAKwoB3C 

OP-11ARC/8SSC,: 

RSCT1621 

AD2S80A/82A 

HDS-1015E 

A  TXOTl  1  A 

AUy/  IZA 

Ur-UVr  Y 

OP-09EY 

RTI-1200 

RTI-711  Series 

HDS-1025 

A  TiOT  1  2  A 
AUy/l5A 

OP-12AZ 

RTI-1201 

RTI-711  Series 

HDS-1250 

A  T\^£0  /  A  T^Q^l  a  A 

Ur-12CZ 

0P-12AZ 

RTI-1202 

RTI-711  Series 

HOS-IOOAH/SH 

None 

Ur-lZliZ 

OP-12FZ 

RTM1630-34 

RTM1680/83 

HOS-200 

A  T\a£^n/an 
AJJTDZWiU 

/~\1>  1  AT\T 

UJr-14JJZ 

0P-14CZ 

RTM1636 

Consult  ADI 

HTC-0300 

rl  1  Lr-UiUUA 

Ur-14uKI>L< 

OP-14GBC 

RTM1660/63/71/72 

Consult  AE>i:; 

HTC-OSOO 

tTTC  niilAA 
£1 1  LrUwUA 

Urri4J/oo3V' 

OP-14AJ/883C 

RTM1679 

None 

IPA-1751 

IPA-1764 

UfTl^Oj  ■ 

OP-15AJ 

RTM1681/86/87/89 

Consult  ADI 

IRDC1730-33 

Al/ZooUA/oZA 

OP-15AZ 

RTMi690/96 

Consult  ADI 

MAH-0801 

ATMinAC 

AL/tUUj  ' 

OD  IfnT 

OP-16AJ 

RtM1697 

None 

MAH-1001 

ATVIAAC 

Or-  17IJZ/oo3C 

OP-17AZ/883C 

RTM1736/37 

RDC1740  +  CCT 

MAS-0801 

ATVwmc 
ALItUUj 

ou  ^'7^^l 

OP-17AJ 

SAC1763 

Hone 

MAS-IOOI 

ATWinC 

Llr-l/rj 

OP-17EJ 

SBCD1752/53/56/57 

Nl»e 

MAS-1202 

AFtonnc 
Aijyuuj 

Lir-l/rZ 

OP-17EZ 

SCDXI623 

None 

MAT-01/883C 

U  AT  rtl  AXT/QSai^ 

MA  1  -Ui  Arl/oo3V' 

no  7n*^T 

OP-20BJ 

SCM1677 

None 

MAT-02BH 

MAT  n"}  AXT 

MAl-UZArl 

OP-21GBC 

SDC1602/3/4 

SDC1702/03/(M/40 

MAT-02BH/883C 

OP  ii^m 

OP-215AJ 

SDC1711 

None 

MATV-0811 

OP  n^nT/ccar' 

OP-215AJ/883C 

SDC1721 
SDC1767 

AD2S46 

MATV-0816 

AD9012/4S  7 

OP-215BZ 

OP-215AZ 

SDC1768 

MATV-0820 

AD9U12/48 

Ur-2 1 5CZ/883C 

OP-215BZ/883 

SERDEX 

(iMAC-5000  ^ 

MCH794 

AD2d80A/82A 

OP-21BJ 

OP-21AJ 

SHA-IA 

AD585  ' 
AD781 
AD585  : 
AD585     .    ■  :  ■ 

MDA  Family 

A  T^Q71  "7  A  /I  3  A 

OP-21AZ    "  '  " 

SHA-2A 

MDH  FamUy 

AD9712A/13A 

0P-21EJ 

OP-21AJ 

SHA-3 

MDMS  FamUy 

AD9712A/13A 

OP-220BJ 

OP-220AJ 

SHA-4 

MDS  Family 

AD9712A/13A 

OP-22AJ 

OP-22AJ/883C 

SHA-6 

ADI  154     ,.  'l 

MDSL  FamUy 

AD9712A/13A 

OP-22EJ 

OP-22AJ/883C 

SHA1114 

AD585 

MOD-1005/20 

AD9020/60 

OP-32BZ 

OP-32AZ 

SMP-IOBY 

SMP-IOAY 

MUX-08AQ 

MtJX-08BQ 

OP-32BZ/883C 

OP-32AZ/883C 

SMP-10BY/883C 

SMP-10AY/883C 

MUX-24AQ 

MUX-24EQ 

OP-32FZ 

OP-32EZ 

SPA-1695 

None 

MUX-24BQ 

MXJX-24FQ 

OP-50BY 

OP-50AY 

SSCT1621 

AD2S80A/82A 

MUX-16AT 

MUX-16ET 

OP-50BY/883C 

OP-50AY/883C 

SSCT1622/23 

None 

MUX-16BT 

MUX-16FT 

OSC-1754 

OSC-1758 

STM1630-34 

STM1680/83 

OP-OiHJ 

OP-OIJ 

PKD-OIBY 

PKD-OIAY 

STM1636 

Consult  ADI 

OP-OIHZ 

OP-OIHP 

PKD-OlBY/gpC 

PKD-01AY/883C 

STM1660/63/71/72 

Consult  API 

OP-02BJ 

OIM>2Aj 

PM-UY/M3C 

PM-IUJ 

STM1679  J. 

None       :  ' 

OP-02BJ/883C 

OP-02AJ/^83C 

PM-111J/883C 

STM1681/8S^)i9 

Consult  Atiif  '  ' 

op-mj 

OP^J 

FM-139AY 

PM-139AY/883C 

STM1«9IV96 

OwAAOa 

PM-156AZ 

PM-1S6AZ/883C 

STM1697 

None 

Closest 

Qosest 

Recommended 

Recommended 

Model 

Equivalent 

Model 

Equivalent 

STM1736/37 

SDC1740  +  CCT 

311 

AD549 

SW-OIBQ 

SW-OIFQ 

350 

None 

SW-7510AQ 

SW-7510EQ 

424 

43S/ADS34 

SW-7510BQ 

SW-7510FQ 

426 

AD534 

SW-75tlAQ 

.■5.  ■•■js'no -ri.ii;.\    it:ii(un  TBC-Finiay 

SW-1577BQ 

427 

428 

AD538 

THS-Familv 

HTC-0300A 

432 

TSL1612 

Pnnsult  ADI 

454 

AD537 

lSlO/20 

1S40-  AD2S80A/82A 

456 

AD537 

1S14/24/44/64 

1S74 

602J10 

!•«  iSOti'J  )• 

1S61 

1S60-  AD2S80A/82A 

6021100 

2^"!  /J'jqiL'     VX>  ».\t;i  2S20 

AD2S80A/82A  i- 

'  01  t^dtbli  r  ft*  lo  IIOl<^^03 

5S70/5S72 

603 

lilii  j'lo  -5-)  ,■  'i/)<  ,1  9S70/71/72 

None 

605 

AD524  ^ly'' 

■   <-'f-l'      7  ,1,1.:    iU;  '^'^^J 

yj  /  ji  /vi/y 

OUO 

AJJOZ3 

OlU 

AT^^TC 

AUOZJ 

7^7 

7<Q 

AD549 

901 

904 

47 

AD845 

on? 

A  r\Q/(< 
AJJo4j 

908 

921 

QAQ 

-  .  I.          I'  ^-  '  ■  lU^ 

Qa  1 

None  — ^   ■..  •  ■ 

106 

118 

yji. 

None 

fduJ  ajjuyji  107 

118 

933 

None 

108 

AD845 

935 

None 

AD84S 

Monc 

50 

944 

None 

ci:            'i-          yukyBIT?  '  ■  14'lv"'    ■■■■  !>•:.-.  -TIC 

4£i  i  . 

None 

142", ■ '  .  ".-.)• 

mijWf  J* " 

';'4''^<lh"|       'i^;  i.'Jili  TEdfltSKJOI'^i'    143>    ■    '•OtH'-f  -. 

None 

'.  UUf  '''Ml.',.           HlMUflt.r  V  life  1      l^Vv  r    <   ill.      '  < 

None 

i£^91I  ''m^tii'  ■ 

so 

071 

f.M  .1-  ^  ■■  .1 

^PS^  '■ 

163 

None 

165 

None 

None 

180 

A'n  OP-A7 

.      ..      .,       ,.  ,  183 

184 

220 

234  !■ 

230 

235 

2^1 

233 

232 

235 

233 

None 

260 

AD707 

272 

None 

273 

None 

276 

None 

274J 
279 
280 
282J 
tiJSMb  em's'  oa- 


284J 

286J 

281 

292A 


/fit 
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Technical  Publications 


Analog  Devices  provides  a  wide  array  of  FREE  technical  pubU- 
cations.  These  include  Data  Sheets,  Catalogs,  Apphcation  Notes 
and  Guides  and  four  serial  publications;  Analog  Productlog,  a 
digest  of  new-production  information;  DSPatch™,  a  newsletter 
about  digital  signal-processing  (appUcations);  Analog  Briefings^, 
current  information  about  products  for  military/avionics  and  the 
status  of  rehabiUty  at  ADI;  and  Analog  Dialogue,  our  technical 
magazine,  with  in-depth  discussions  of  products,  technologies 
and  applications. 

In  addition  to  the  free  publications,  a  groi^  of  technical  refer- 
ence books  are  available  at  reasonable  epst.  Subsysteni  products 
are  supported  with  hardware,  softwar^^  ,fl^  user  doqifqpntatiois, 
at  prices  related  to  content.  i  ^,1 

Brief  descriptioiis  of  typical  publications  appear  bekm^.-For  . 
copies  of  any  items,  to  subscribe  to  any  of  our  fiNit  "^'i^i^f  or  to 
tequgp  ma  o^MK  ipnbliapaeei,  pjtease  get  ia  touch  wiifa  'Analog 

Devai6i<e»lte>'ikMiiM«lte<'a^^.  K^'ti 

CATALOGS 

Data  Acquisition  Products  Databooks.  Contain  selection 
guides,  data  sheets  and  other  useful  information  about  all 
Analog  Devices  ICs,  hybrids,  modules  and  subsystem  com- 
ponents recommcMM  te  Mw  Mllttl.  He.ciinent  seiies 
consists  of: 

DATA  CONVERTER  REFERENCE  MANUAL- 1992: 
Volumes  1  and  2.  Data  sheets  and  selection  guides  on  A/D  and 
D/A  Converters,  V/F  and  F/V  Converters,  Synchro/Resolver-to- 
Digital  Converters,  Sample/Track-Hold  Amplifiers,  Switches 
and  Multiplexers,  Voltage  References,  Data-Acquisition  Sub- 
systems, Analog  I/O  Ports,  Communications  Products,  Bus  In- 
terface and  I/O  Products,  Application-Specific  ICs,  Digftal  Panel 
Meters,  Power  Supplies.  (Available  FREE) 

LINEAR  PRODUCTS  DATABOOK- 1990/ 199 L  Dau  Sheets 
and  Selection  Guides  on  Op  Amps,  Instrumentation  Amplifiers, 
Isolators,  RMS-to-DC  Converters,  Multipliers/Dividers,  Log/ 
Antilog  Amplifiers,  Comparators,  Temperature-Measuring  Com- 
ponents and  Transducers,  Special  Function  Components,  Digital 
Panel  Instruments,  Signal-Conditioning  Components  and  Sub- 
systems, Mass  Storage  Components,  ATE  Components,  Auto- 
motive Components,  Bus  Interface  and  Serial  I/O  Products, 
Application  Specific  ICs.  (Available  FREE.) 

AUDIO/VIDEO  REFERENCE  MANUAL-SSM  Audio  Prod- 
ucts from  ADI's  PMI  Division:  VCAs,  Surround-Sound  Decoder, 
Audio  Preamplifiers,  Audio  Switches,  Line  Driver/Receiver, 
Audio  Op  Amps,  Matched  Transistors,  Level  Detection  System, 
Voltage-Controlled  Filters,  Log  Conversion  Amplifier,  Multi- 
plexed Sample/Hold,  plus  19  Application  Notes. 

MILITARY  PRODUCTS  DATABOOK-im  (m  two  vol- 
lunes)  Information  and  data  on  products  available  with  process- 
ing in  accordance  with  MIL-STD-883. 

Volume  2:  PMI  Division  products— including  Class  S 

Volimie  1:  All  other  Analog  Devices  products 

DATA-ACQUISITION  AND  CONTROL  CATALOG- 1990. 
Tutorial  uid  ConfigumtKni  Guide,  with  Ftodua  Reference 
and  Index.  Bus-Compatible  I/O  Boards  for:  IBM  FS/2,*  IBM 
K/XmT,*  STD  Bw,  VMBtat,  MULTIBUS.t  Dinribuied 
VO  SuS^lfifiUi&SBii>—M^ii$<^si0^fiiB^%OBX  ends,  piogiinwaablc 


units,  and  distributed  control  systems.  Modular  Signal  Condi- 
tioners—analog and  digitizing.  Analog  Signal-Conditioning 
Panels— isolated  and  nonisolated.  Digital  Subsystems— 16-  and 
24/32-channel.  Software— DOS  drivers  and  applications 
packages. 

POWER  SUPPLIESt-Lineai  Supphes»DC-DC  Converters. 
12-page  Short-Form  Catalog  listing  AC/DC  Power  Supplies, 
Modular  DC/DC  Convertei's,  Power-Supply  Test  Proc^ures, 
Transients,  Thermal  1^:^^$  MechamM  6Mta«  ctf  AKkage* 

and  Sockets.  -s  ;-'. 

APPLICATION  NOt^'  , 

Available  iiidividu«[)^;j^iiQ:{equest: 

'  i  AlBf  GOiiiiittm 

■  s ^ASBSn  12-Bit,  2-MHz  ADC  Digitizes  QCD  OaQMits  for 
Imaging  AppUcations"  [E14SS] 
"AD7672  Converter  Delivers  12-Bit  20048^  iampling 
Systems"  [E1313] 

"Asynchronous  Clock  Interfacing  with  the  AD7878"  [E1334] 
"Bipolar  Operations  with  the  AD7572"  [ElOlO] 
"Evaluation  Board  for  the  AD7701/AD7703  ^His-®^ 

A/D  Converters"  [E1483] 

"FIFO  Operation  and  Boundary  Conditirais  in  the  AD1332 
and  AD1334"  [E1355] 

"How  to  Obtain  die  Best  Betformasce  btm  the  AD7S72" 

[E1038] 

"Implement  Infinite  SampIe-and-Hold  Circuits  Using 
Analog  Input/Output  Ports"  [El 359] 
"Simple  Circuit  Provides  Ratiometric  Reference  Levels  for 
AD782X  Family  of  Half-Flash  ADCs"  [E1412] 
"Simultaneous  and  Independent  Samplisg  of  Analog  Signals 
witii  the  AD1334"  [E1358] 

"The  AD7S74  Analog-to-Microprocessor  Interface"  [E694] 
"Using  Multiple  AD1334s  in  Many-Channel  Synchronous 
Sampling  Applications^  [Eil43S] 

Amplifiers 

"A  Balanced-Input  High-Level  Amplifier"  [AN-112] 
"Active  Feedback  Improves  Amplifier  Phase  Accuracy" 
[AN-107] 

"AD9617/AD9618  Current-Feedback  Amplifier  Macro- 
Mcklels"  [E1460] 

"An  IC  Amplifier  User's  Guide  to  Decoupling,  Groimding, 

and  Mdking  Things  Go  Rjdit  for  a  Change"  [AN-202] 

"An  Iflttalow-Noise  Pteati|per"  [AN-136] 

"An  Unbalanced  Virtual-Ground  Summing  Amplifier" 

[AN-I13] 

"Applications  of  High-Perfotmance  BiFET  Op  Amps"  [E727] 
"CMOS  DACs  and  Opet^onal  Ampiifios  Combine  to 
Build  Programmable-Gain -Amplifiers"  (in  2  parts:  I  and  II) 
[E1073AandEinO]  " 


Analog  Bricfiiigs  is  a  registered  trademaik  of  Analog  Devices,  lac. 

DSPatch  is  a  trademark  of  Analog  Devices,  Inc. 

Wonl-SUce  is  a  registarad  trademark  of  Analog  Dovicea,  Inc. 
•PC/XT/AT,  PS/2  and  Micro  Channel  an  —^—^  ef  iHannliM 

IhniTii  Mirhiaii  rwiiiiialiiin 
tMULTiPUS  b  a  tntawk  If  lilgl  CovomlMk 
fnru*  pab)|«ttioa  is  andUUa  hi  »^  Amoiea  ia)r- 


fAN^l]-''-  ^roiijoiin^t  U.'.     ..    '  •  I'll  f. 

~JFkT'<lgyM''«^  «ta«^M««l^  for  Speed  and  Aecuiai^^ 
[AN-I08]  ■•  ■•';<-.-. 

"Low-Cost  Two-Chip  Voltage-Controlled  Anplifia  and  .Video 

Switch"  (AD539)  [AN-213]' 

"Using  the  AD9610  Transimpedance  Amplifier"  [E1097] 
"Very  Low-Noise  Operational  Amplifier"  (0V-7.J),y^:\S^., 

Analog  Signal-Processing  and  Measurement 

"A  Function  Generator  and  Linearization  Circuit  Using  the 
AD7569"  [E1369] 

"Precision  Surface  Measurements  Using  the  AD2SS8" 

[E1486] 

"RMS-to-DC  Converters  Ease  Measurement  Tasks" 

[E1519] 

"Understanding  and  Applying  the  AD7iiM|iH171 
Switched-Capacitor  Filters"  [E1373] 

Audio 

"A  Balanced  Mute  Circuit  for  Audio  Mixing  Consoles" 
[AN-122] 

"A  Constant-Power  'Pan'  Control  Circuit  for  Microphone 
Audio  Mixing"  [AN-123] 

"A  High-Performance  Compandor  for  Wireless  Audio       .  >c 
Systems"  [AN- 133]  . 
"An  Automatic  Microphone  Mixer"  [AN- 134]  ' 
"An  Ultralow  Noise  Preamplifier"  [AN-136] 
"A  Precision  Sum  and  Difference  (Audio  Matrix)  Circuit" 
[AN-129] 

"A  Two-Band  Audio  Compressor/Limiter"  [AN-130] 

"A  Two-Channel  Dynami£  Mifir  iNoiie  Reduction  System" 

[AN:125]  '^--''f^m--  '      ...    .   .  V 

"High  Performance  Stereo  Routing  Switcher"  [AN-t21] 
'"Interfacing  Two  16-Bit  AD1856  (AD1851)  Atjdio  BACs  with 
ae  i%flipSi  SAA7220  Digital  Rlter"  [AN-aOTJ  ■  -  ' 

"Three  High-Accunu?  RIAA/IEC  MC^itm  FVoBio 
Preamplifiers"  [AN-124]:  -    .  •  •  .3' 

D/A  Converters 

"AD7528  Dual  8-Bit  CMOS  DAC"  [E757] 

"Analog  Panning  Circuits  Provide  Almost  Constant  Output 

Power"  [AN-206] 

"Circuit  Applications  of  the  AD7226  Quad  CMOS  DAC" 
[E873] 

"CMOS  DACs  and  Operational  Amplifiers  Combine  to  Build 
Programmable-Gain  Amplifiers"  (iji  2  ppcteTted  11) 
[E1073A  and  ElUO]  -  '     '  ' 

"Dynamic  Performance  of  CMOS  DACs  in  Modem 
Applications"  [El  172] 

"8di  Order  Programmable  Low-Pass  Filter  Using  Dual  12-Bit 
DACs"  [AN-209] 

"Exploring  the  AD667  12-Bit  Analog  Output  Port"  [E875] 
"14'Bit  DACs  Maintain  High  Poicnmance  Over  Extended 
i "  XenvetliniierRaiige'^  XE987] 
"Glial  EcnxlandiTimpco  of  CMOS  Multiplying  DACs" 

"Genence  4  CiiaBels  of  Analog  Output  Using  AD7S42  12'8it 
DIA  Qmiimimm  mA  Control  the  Lot  with  Only  Two  Wires" 


■fMterabing-^  AD7S49«tatf  WmmmemeiUmmiSC 
andMCS-Sl-itlicrocoagiiatailteiMMp^  .^latsa^' 
"Replacing  the  ADII4S       the  J^QSITI^pilM^  i^-a 
'*Simirite  Interface  BetweeniD/A'QQnaramiuid  Mi 
Leads  to  Programmable  Sine-Wvfe  OsdUiftor"  (AD7S42) 
[E889]  to  «•.,.•'.••  •  • 

"The  AD7224  DAC  ProvkW  Btagnunnuble  Voltages  Ov^ 
Varying  Ranges"  [E910]  i    -  ^    j  jic ' 

"Three-Phase  Sine-Wave  Generation  Using  the  AI^^g2S|lj^ 
DAC"  [E924]  ,   ^.  .^..^^   .  t,,:..,,..^^^. 
"Understanding  and  EaeiR^ug  ljKan)0.m&AC^ 
[AN-109] 

"Voltage  Adjustment  Applications  of  the  DAC-8800      J.ti  | 
TrimDAC''',  an  Octal  8-Bit  D/A  Conyener^'JAN-1421 

Digital  Signal-Processing  '  -^.^ 

"Considerations  for  Selecting  a  DSP  Processor"  (ADSP-2100A 

vs.  TMS320C25)  [E1306] 

"Considerations  for  Selecting  a  DSP  Processor"  (ADSP-2101 
vs.  WE  DSP16A)  [E1446] 

"Considerations  for  Selecting  a  DSP  Processor"  (ADSP-2101 
vs.  TMS320C50)  (E1558] 

"Implement  a  Cache  Memory  in  Your  Word-Slice*  System" 
[E1062] 

"Sharing  the  Output  Bus  of  the  ADSP-1401  Microprogram 

Sequencer"  [E1059] 

"Using  Digitally  Programmable  Delay  Generators"  [ElSlSa] 
"Variable-Width  Bit  Reve^;  wttHS^lSlSi^l 
Generator"  [E1061]  '  '     ' '  "  ' 

Disk-Drive  Electronics 

"Microstepping  Drive  Circuits  for  Single  Supply  Systems" 
[E1229A] 

"Simple  DAC-Based  Circuit  Implements  Constant  Linear 
Velocity  (CX'V5  Miii&JSpisa  Ceiiffl^^ 

"AD9617/AD9618  Current-FeedlMdc  An«|^  Macro- 

Models"  [E1460] 

"OP-42  Advanced  SPICE  Macro-Model"  [AN- 11 7] 
"OP-64  Advanced  SPICE  Macro-Model"  [AN- 110] 
"OP-260  Advanced  SPICE  Macro-Model"  [AN-126] 
"OP-400  SPICE  Macro-Model"  [AN-120] 
"OP-470  SPICE  Macro-Model"  [AN- 1 32] 
"SPICE-Compatible  Op  Amp  Macro-Models"  [AN-138] 

Power  Supply 

"A  Low- Voltage  Power  Supply  Watchdog  Mo^tor  Circuit" 
[AW?!,,-..,,  "  ' 

Practice  '  "j' 

"An'ie  Anqdifier  Ua^sUisde  to  Decoopling,  Grounding, 
and  Making  Things  Go  IQgKt^finIa<3idige"IAN>'202]  r 
"How  to  Reliably  Protect  CMOSs£grciuU,Ai^iiB8t  Power- 
Supply  Overranging"  [C1499]  ; 

Repeater  Circuits 
"Improved  T148  (CEPT)  PCM  Repeater  for  #22AWG 
(0.7mm)  Unshielded  Twisted-Pair  Wire"  [AN-1191 

Resolver  (Synchro)  to  Digital  Conversion 
"Circuit  Applications  of  the  2S81  and  2S80  Resplver-to:  j  , 
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"Dynamic  Characteristics  of  Tracking  Converters"  [El  141] 
"Dynamic  Resolution-Switching  on  the  1S74  Resolver-to- 
Digital  Converter"  [E919] 

"Using  the  2S80  Series  ResoIver-to-Digital  Converters  with 
Synchros:  Solid-State  Scott-T  Circuit"  [E1361] 
"Why  the  Velocity  Output  of  the  1S74  and  1S64  Series  R/D 
Converters  is  Contim«M|ill  Step-Free  Down  to  Zero 
Speed"  [E893] 

Sample-Holds 

"Applying  IC  Sample-Hold  Amplifiers"  [E931] 

"Generate  4  Channels  of  Analog  Output  Using  AD7542  12-Bit 

D/A  Converters  and  Control  It  All  with  Only  Two  Wires" 

[E909] 

"Implement  Infinite  Sample-and-Hold  Circuits  Using  Analog 
Input/Output  Ports"  [E1359] 

Switches  and  Multiplexers 

"ADG201A/202A  and  ADG221/222  Performance  with 
Reduced  Power  SuppUes"  [E1052] 

"Bandwidth,  OFF  Isolation,  and  Crosstalk  Performance  of  the 
ADG5XXAA  Multiplexer  Series"  [E1340] 
"Overvoltage  Protection  for  the  ADG5XXA  Multiplexer 
Series"  [E1237] 

"Ron  Modulation  in  CMOS  Switches  and  Multiplexers;  What 
it  Is  and  How  to  Predict  its  Effect  on  Signal  Distortion" 
[E1470] 

Temperature  Measurement 

"A  Cost-Effective  Approach  to  Thermocouple  Interfacing  in 
Industrial  Systems"  [E730] 

"Use  of  the  AD590  Temperature  Sensor  in  a  Remote  SedSiMg 
Application"  [E920] 

V/F  ConveTtets 

"Analog-to-Digital  Conversion  Using  Voltage-to-Frequency 
Converters"  [E994A] 

"Operation  and  Applications  of  the  AD654  IC  V-to-F 
Converter"  [E923] 

"Using  the  AD6S0  Voltage-to-Frequency  Converter  as  a 
Ftequency-to-Voltage  Converter"  [E1539] 

Video  ^t^lic9tions 

"Animation  Using  the  Pixel  Read  Mask  Register  of  the 
ADV47X  Series  of  Video  RAM-DACs"  [EI3I6] 
"Changing  Your  VGA  Deagn  from  a  171/176  to  an 
ADV471"  [E1260] 

"Design  and  Layout  of  a  Video  Graphics  System  for 
Reduced  EMI"  [El 309] 

"Improved  PCB  Layouts  for  Video  RAM-DACs  Can  Use 

Either  PLCC  or  DIP  Package  Types"  [E1225] 

"Low  Cost  Two-Chip  Voltage-Controlled  Amplifier  and 

Video  Switch."  (AD539)  [AN-213] 

"The  AD^2;Video  Sigiul  Digitizer  and  Its  Applications" 

[E1173]  ' 

"Video  Formats  &  Required  Load  Terminatiiw-"  {i^-2QS] 

APPLICATION  0UnD^ 

Analog  CMOS  Stoitches  and  Multiplexers.  A  16-page  short-form 
guide  to  high-speed  CMOS  switches,  CMOS  switches  with  di- 
electric isolation  and  CMOS  multiplexers.  Also  included  are  reli- 
ability data  and  iaSmmilim  oa  «a#iNw>iply^#M«iBih-  -  <"  • 


Applications  Guide  for  IsolatioKAapUfiers  and  Signal  Conditioners. 
A  20-page  guide  to  specifications  and  applications  of  galvanically 
isolated  amplifiers  and  signal  conditioners  feftjudKupial,  mstru- 
mentation  and  medical  applications. 

CMOS  BAC  AppHcatiek  Guide  3rd  Edition  by  Phil  Burton 
(1989—64  pages).  Introduction  to  CMOS  DACs,  Inside  CMOS 
DACs,  Basic  Application  Circuits  in  Current-Steering  Mode, 
Single-Supply  Operation  Using  Voltage-Switching  Mode,  The 
Logic  haabce.  Applications. 

ESD  Prevention  ^ainta^,- ProteoiqgJICs.jSrom  electrostatic  dis- 
charges. Thirty  pages  of  mformation  that      assist  the  reader 
in  implemQiting.aaiiP{^S|te|JH^j^&^|!^^am  to  assure 
protection  against  ^ectrostt^msdui§6(Ej^3)t^iires. 

High-Speed  Data  Conversion  -  A  24-page  short-form  guide  to 
video  and  other  high-speed  A/D  and  D/A  converters  and 
accessories,  ia  ferms  tanging  from  monolithic  ICs  to  cardTlevel 
products. 

RMS-to-DC  Conversion  Application  Guide  2nd  Editiott  by 
C.  Kitchin  and  L.  Counts  (1986—61  pages).  RMS-DC  Conver- 
sion: Theory,  Basic  Design  Considerations;  RMS  Application 
Circuits;  Testing  Critical  Parameters;  Input  Buffer  Amplifier 
Requirements;  Programs  for  Computing  Errors,  Ripple  and 
Settling  Time. 

Surface  Mount  IC^—A  28-page  guide  to  ICs  in  SO  and  PLCC 
packages.  Products  include  op  amps,  rms-tordc  converters, 
DACs,  ADCs,  V^,  sample-hol^p[p3li^  switches.  ' 

DIGITAL  SIGNAL  PROCESSING  MANUALS 
Available  at  no  charge  for  single  copies;  write  on  letterhead. 

ADSP-2101/ADSP-21O2  USER'S  MANUAL-Arckitecture. 
[Fixed-point  processor]  Introduction;  Computational  Units; 
Data  Moves,  Program  Control;  Timer;  Serial  Ports;  System  In- 
terface; Memory  Interface;  Instruction  Set  Overview;  Appen- 
dixes; Index.  IS^O  pages. 

ADSP-2ni  USER'S  MANUAL-Architecture.  [Fixed-point  ' 
processor]  Introduction;  Computational  Units;  Data  Moves;  ,^1^ 
gram  Control;  Timer;  Host  Interface  Port;  Serial  Ports;  System 
Interface;  Memory  Interface;  Instruction  Set  Overview;  Appen- 
dixes; Index.  218  pages. 

ADSP-21020  USER'S  MANUAL.  [Floating-point  processor] 
Introduction;  Computational  Units;  Program  Sequencing;  Data 
Addressing;  Timer;  Memory  Interface;  Instruction  Summary; 
Assembljp^'TQgiani^ii^vS  Xittorial;  Haidirare  System  Confi^iua- 
tion;  Appendixes;  Index.  394  pages. 

TECHNICAL  REFERENCE  BOOKS 

Can  be  purchased  from  Analog  Devices,  Inc.,  at  the  prices 
shown.  'If  more  tiiaa  oiue^Mk  is  ordered^  deduct  a  discount  of 
$1.00  from  the  price  of  each  book.  Price  of  the  entire  set  of  9 
books  is>$166.00— a  barsdit  fdr  your  depainhent^s  library 
efifect,  thir  nonlUeaTj'traBadaar,  and  high-speed  books  aame 
&ee).  VISA  and  MasterCard  are  vKl6ome;-phone  (617)  461-3392 
or  FASf(6I7)821-4273.  O^tidid  your  diedc  for  the  indicated 
amount  to  Analog  Devices,  Inc.,  P.O.  Box  9106,  Norwood,  MA 
02062-9106. 

4Thk  fMkmSam  b  mtUOe  im  Noctk  Aaaite  Mir.  - 


ANALOG-DIGITAL  CONVERSION  HANDBOOK:  Third  ^ 
Edition,  by  the  Engineering  Staff  of  Analog  Devices,  edited  by 
Daniel  H.  Sheingold.  Englewood  Cliffs,  NJ:  Prentice  Hall 
(1986).  A  comprehensive  guide  to  A/D  and  D/A  converters  and 
their  applications.  This  third  edition  of  our  classic  is  in  hard- 
cover and  has  more  than  700  pages,  an  Index,  a  Bibliography, 
and  much  new  material,  including:  video-speed,  synchro- 
resolver,  V/F,  high-resolution,  and  logarithmic  converters,  ICs 
for  DSP,  and  a  "Guide  for  the  Troubled."  Seven  of  its  22  chap- 
ters are  totally  new.  $32.95 

DIGITAL  SIGNAL-PROCESSING  APPLICATIONS  US- 
ING THE  ADSP-2100  FAMILY,  by  the  Applications  Staff  of 
Analog  Devices,  DSP  Division;  edited  by  Amy  Mar  (628  pages). 
Englewood  Cliffs  NJ;  Prentice  Hall  (1990).  Bridge  the  gap  be- 
tween DSP  algorithms  and  their  real-world  implementation  on 
state-of-the-art  signal  processors.  Each  chapter  tackles  a  specific 
apphcation  topic,  briefly  describing  the  algorithm  and  discussing 
its  implementation  on  the  ADSP-2100  family  of  DSP  chips. 
Comprehensive  source-code  listings  are  complete  with  comments 
and  accompanied  by  explanatory  text.  Programs  are  listed  on  a 
pair  of  supplementary  diskettes— furnished  with  the  book.  Ap- 
plication areas  inchide  fixed-  and  floating-point  arithmetic,  func- 
tion approximation,  digital  filters,  one-  and  two-dimensional 
FFl's,  image  processing,  graphics,  LP  speech  coding,  PCM, 
ADPC^,  high-flpced  modem  algorillmis,  Dl%^coding,  sonar 
beamftiffiiiig.  .^iSditioiial  topics  indude  ritemory  inter&ce,  mul- 
tiproeei^iriBid  beit  im^H^m-  '^iH^twidl  «Mti9live  as  a  com- 
paiu(m<&i  B^iUt  Sigml  I^aeR^lSlt' VZi^.!  3^  includes 
diskettes.  $38.00 

DIGITAL  SIGNAL  PROCESSING  IN  VLSI,  by  Richard  J. 
Higgins.  Englewood  difis  NJ:  FtenticelUL(1990).  An  intro!- 
ductory  614-page  guide  for  the  engjneer  and  sdentist  who  needs 
n>  undeistand  and  use  DSP  algorithms  and  ^edid-purpose  DSP 
hardware  ICs— and  the  software  tools  developed  to  carry  them 
out  efSciemly.  Real-World  Signal  Processing;  Sampled  Signals 
aivl  Systems;  The  DIvT  aod  the  FFT  Algoritbj^  Digital  Filters; 

°~''ir  TQi^S^ijtiHttBfiiP  f^iT~V'rr;  -  °r4T — r  r* — 't  ' 
mem  for  the  WWS^^^^^WSP  Applications;  phis  Bibliography 
and  Index.  $38.00 

NEW-DIGITAL  SIGNAL  PROCESSING  LABORATORY 
Uang  the  ADSP-2101  Uicmam^uter,  by  Vinay  K.  Ingle  anA 
John  G.  Proakis  (Northeastern  University).  En^ewood  Gliffe 
NJ:  Prentice  Hall  (1991).  Contents:  Introduction  to  the  ADSP- 
2100/2101  familyi  ADSP-2101  instruction  set  overview;  Over- 
view ^  development  tools;  Getting  started  with  the  ADSP-21,Qy  .. 
Laboratory  experiments  using  the  ADSP-2101;  FIR  filter  impfe- 
mentation;  IIR  filter  implementation;  Fast  Fourier  transform 
implementation;  Applications  in  communications;  Adaptive  fil- 
ters and  their  applications;  References;  Index.  $24.00 


,tjmGH-SPEED  DESIGN  SEMIMAR,^jl):^ed  by  Analog 
Devices  (1990).  A  496-page  guide  to  the  practical  application  of 
high-speed  semiconductor  devices  in  processing  of  analog  sig- 
nals. Topics  include:  data  conversion,  digital  video  applications, 
high-speed  sample-holds  and  operational  amplifiers,  nonlinear 
signal  processors  (including  log  amps),  comparators  and  pin 
electronics,  time-delay  generators,  phase-locked  loops,  direct 
digital  synthesis,  computer  graphics  and  RAMDACs,  and  high- 
speed techniques.  $20.00 

r4hV/-MIXED-SIGNAL  DESIGN  SEMINAR,  published  by 
Analog  Devices  (1991).  Contents:  Introduction  to  mixed-signal 
processing  of  real-world  signals  and  signal  conditioning;  Linear 
and  nonlinear  analog  signal  processing;  Fundamentals  of 
sampled-data  systems;  ADCs  for  DSP  applications;  DACs  for 
DSP  applications;  Sigma-delta  ADCs  and  DACs;  Digital  signal- 
processing  techniques;  DSP  hardware;  Interfacing  ADCs  and 
DACs  to  digital  signal  processors;  Mixed-signal  processing  appli- 
cations; Mixed-signal  circuit  techniques;  Index.  $22.00 

NONLINEAR  CIRCUITS  HANDBOOK:  Designing  with 
Analog  Function  Modules  and  ICs,  by  the  Engineering  Staff  of 
Analog  Devices,  edited  by  Daniel  H.  Sheingold.  Norwood  MA: 
Analog  Devices,  Inc.  (1974).  A  540-page  guide  to  multiplying 
and  dividing,  squaring  and  rooting,  rms-to-dc  conversion,  and 
multifunction  devices.  Principles,  circuitry,  performance,  speci- 
fications, testing,  andappl^tkm  of  diese  devic^^east^i^^JS'' 
illustrations. 


SYNCHRO  &  RESOLVER  CONVERSION,  ecBttda^':! 
Boyes.  Norwood,  IWA;  Analog  Devices,  Inc.  (1980).  Principles 
and  practice  of  interfacing  synchros,  resohrers,  and  Inductosyns* 
to  digital  and  analog  circuitry.  $11.50 

TRANSDUCER  INTERFACING  HANDBOOK:  A  Guuk  to 
Analog  Signal  Conditioning,  edited  by  Daniel  H.  Shei^gold.  Nor- 
wood MA:  Analog  Devices,  liic.  (1980).  A  book  for  the  dice-  ' 
tronic  engineer  who  must  interface  transducers  for  temperature, 
pressure,  force,  level,  or  flow  to  electronics,  these  260  pages  tell 
how  transducers  work— !|&c(Q^t  el^n^^Us-^o^  bpw  to  connect 


them  to  electronic  cira 
signals. 


t  oBectne  in&e«siilg~of  their 
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•AD2S46   CI  3-23 

•AD2S47  C  I  3-31 

•AD2S65  i  C  I  3-35 

•AD2S66  ...CI  3-35 
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,ADS34   L 

AD535   L 

ADS36A  L 

AD537  C  n  3-7 

AD538   ..  ...L 

AD539  L 

AD542   ■.   L 

AD544   L 

AD545   L 

AD545A   L 

AD546   L 

AD547  L 

AD548  L 

AD549   .  ;  .  ;   L 

AD557    CI  2-43 

AD558  .........CI  2-47 

AD561  ......CI  2-55 

AD562   CI  2-59 

AD563   CI  2-59 

AD565A  CI  2-63 

AD566A  CI  2-63 

AD567   L 

AD568   CI  2-71 

ADS69   CI  2-83 

AEPTO 
AD57i 

AD572     ................. : . .  €  lEl^  l 


•W9#el  .  P»ge* 

rA0573   C  II  2-33 

AD574A   C  II  2^1 

AD575   C  II  2-53 

AD578   C  II  2-61 

AD579   ,  C  II  2-61 

ADS80  C  II  6-5 

AD581   C  II  6-9 

AD582   .  C  II 4-29 

AD583   aa4r^3 

AD584     C 116-15 

AD585     C  II  4-35 

AD586  C  II  5-23 

AD587  C  U  6-31 

AD588   C  n  6-39 

AD589   Cn6-51 

.AD590  ..L 

AD592   ,  .  .  .........  .,..L 


,AD594/595 
.jAD59&'5?7 . 
iAD5^  .  .  . 
jADSli  . . . 
.IAD624  

AD625   

AD630.  .... 

AD632  

-'AD633  ... 

AD636  .  .  .• 

'AD637  .  .  .  • 
■^AD639 .  .'. 
'  AD64d  .  ;  . 


■  '.U 


j.  L 

,L 
.'L 
'.X 
.L 
.  L 
.  L 
.  L 
.  L 
.  L 
.  L 


:AD642  .     .  .  .  L 

.AD644  .  .  .  .  .  .  L 

^,AD645     .  .  .  .  L 

■^AD647    .  L 

7AD648  .  L 

.AD6S0   C  II  3-15 

AD651   D 

AD652   C  II  3-27 

AD654   C  II  3-43 

AD664  ....CI  2-95 

AD667  CI  2-115 

AD668   .  .  CI  2-123 

•AD669  CI  2-139 

AD670   C  II  2-69 

AD671   .  .  :  .  C  II  2-81 

AD673     C  II  2-97 

AD674A   C  II  2-105 

•AD674B   C  II  2-109 

•AD675  C  II  2-121 

•AD676   C  II  2-123 

AD678  CH  2=137 

AD679   . 


J^odd  Page* 

•AD680   C  II  6-55 

•AD682   C  II  4-41 

AD684   C  II  4^9 

•AD688   C  II  6-63 

AD693   L 

AD694  L 

AD704    L 

AD705  :  :  l 

AD706   .  \  .  .W.W^.:  L 

AD707   1  ■  I . ; : : . ;  1 : ; : ; :  l 

AD708  L 

AD711  L 

AD712    L 

AD713   L 

AD734   L 

AD736  L 

-An737   .  .  ,L 

,AD74r   . .  .  J  .  , .  .  .  L 

.  AD743   'fj.  .  .  J, 

.  AD744      v!    .  .  .  .  L 

AD746   ..  \  ............    L 

•AD766  .'..'..".*......  C  I  2-151 

AD767    CI  2-159 

.AD770  ■.".■,'.';,*;.■...  C  II  2-161 

•AD773   C  II  2-173 

•AD774B    C  II  2-109 

•AD776  C  II  2-189 

AD779   C  11  2-191 

•AD781    .  .  .'.  .   C  II  4-57 

•AD783     en  4-65 

AD790   L 

AD827  L 

AD829  L 

AD834  L 

AD840   L 

AD841  ,  ,   .L 

AD842   .  .  L 

AD843   .  .  .  L 

AD844   .  .  .  L 

AD845   L 

AD846    L 

AD847   L 

AD848  L 

AD849  ;■.  .  .  L 

AD880   ;  L 

AD890   ,  .  L 

AD891   .  ;  L 

AD892   .  .  L 

AD897   .\  .  .  L 

AD1139  CI  2-167 

AD1147   .    CI  11-4,  on  12-4 

.'jisanst*;. . .-  .■  .•  .• . . . .  .•  .■ . . .  .•  .• .- .  .•  .■  .  C  I  11^.  ejt  ii-4 


•New  product  since  publication  of  the  most  recmt  Databooks. 

"01  =  Daui  Convener  Reference  Manual,  Volume  /;  C  II  =  Data  Converter  Reference  Manual^  Voboite  D  =  Data  sfaeet  a^iUable,  conmb  ftcm* 
L  =  Linear  Products  Databook\  P  =  Precision  MonoUAia  Division  Databook.  ,  ,  '  / 
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Model  Page* 

AD  1154    ......  

AD1170  .  illl  .llll^llllllllllll ; .  I'.  .  ^r^2r^03 
AD1315  .......  ......  .'+,6a^<,  .  L 

AD1317  .  .L 

ADI32I .\ J J  ; . . . . , .  l 

AD1322  .  ...  .  .  ......  L 

AD1332  ..■;;.;■.!'.*.  1 c  n  y-i? 
AD1334  — ; . .  c  n  7-21 

•AD1341  .  .  .  .WW'.'.'.l^lW.W  .  .  .  .'.  C  II  7-25 

AD1362   c  n  7^1 

AD1376  .  .   C  II  2-215 

AD1377  .  .         V,  v.  ...  .  C  II  2-215 

•AD1378  .... ". '. '. '. ', '. '. ".  ■. '. '. '.  ■. '. '. '. '.  ■.  ■.  ■.  .  C  II  2-223 

AD1380  .  .  .  C  II  2-231 

•AD1382  .  .  . '. '.   C  II  2-239 

•AD1385   C  II  2-255 

AD1403/1403A   C  II  6-71 

•AD1671  C  II  2-259 

•AD1674   C  II  2-269 

•AD1851....  ...   CI  2-173 

AD1856         .■ :   c  1 2-183 

ADI860 ; ." ; ; ; ; : : ; ; ; :  c  1 2-191 

•ADI861 . . ; . ; . ; ; ; ; ; ; : ; ; . ; ; . ; ; ; : . : ; . . .  c  1 2-173 
•AD1862  : ; . : ; ; ; ; ; ; : : . . . .... c  1 2-203 

•AD1864  ....  .-.  .  .  .  CI  2-213 

»AD1865  ; ; : ; ; . ;   CI  2-225 

•AD1866  ....  ; ; .  ; ; ; .•  .• ; ; .  ; ;  CI  2-235 

•AD1868  ;  »• ;  ;  ; ;  ;  .■ .•    .  ....  .  ....  C  I  2^237 

•AD1876  .  .  .  .  .■  .•  .•  .•  .•  .•  .•  .■  .•  .• .  .•  .•  .■  V  .  .  .  .  ....  .G  II  2M2S3 

•AD  1 878  .-.-^^  ... .- .  .-  .C  II  2-295 

*AD  1879   .  ^       *■  *  y  ^  V     ^     V  rf-  r  •'  V  ?  V  f     •*  •  .G  II  2~297 

AD2004  D 

AD2006     D 

AD2008  D 

AD2009   D 

AD2010    G  I  5-7 

AD2016  ,  D 

AD2020  D 

AD2021  C  I  5-9 

AD2026  CI  5-11 

AD2033   D 

AD2040  D 

AD2700   Oil  6-75 

AD2701   CII  6-75 

AD2702   C  II  6-75 

AD2710  C  II  6-79 

AD2712  C  n  6-79 

AD3554   L 

AD3860   D 

AD5200  Series   D 

AD5210  Series   D 

ADS240   C  II  2-809 


•New  product  nnoe  publiankm  of  the  mon  lecent  Databooks. 


Model  i-^m* 
AD5533 

•AD7Q0i  f '^<^7 

•AD70d2  „ .... ^ .... ^ .... ...........  .,  CI  .M9 

•AD70W   .  .  .G.I4-75 

•AD7008   cCUit^l 

AD7U0  itaam 

AD71II  mSl^ 

AD7U8  04«^i 

'AD7224  C 12-259 

'AD7225   Cia^279 

AD7226  — ,  fmtam 

AD7228  .  et9^ 

•AD7228A    C I-2-331 

•AD7233   CI  2-339 

AD7237   .'  '  CI  2-347 

AD7240  ■  D 

•AD7242  .......  .  .  .  ....  .   ...CI  2-359 

•AD7243   CI  2-371 

•AD7244   C  I  2-359 

AD7245   i  .......  C  I  2-383 

•AD7245A  CI  2-385 

AD7247   C  12-347 

AD7248    CI  2-383 

•AD7248A    ......  CI  2-385 

•AD7306   C  I  4-93 

AD7341   .  ......-.■....■...•.■.■.■.....CI  4-99 

AD7371  CI  4-99 

AD7501   ;  ;  ;  .'.^^m^ 

AD7502   .  .'c'n  5-9 

AD7503   C  II  5-9 

AD7506   C  II  5-13 

AD7507   C  II  5-13 

AD7510DI   CII  5-17 

AD7S11DI     CII  5-17 

AD7512DI   Cn5-17 

AD7520   .  .  -.  .  .  ...  .   D 

AD7521  D 

AD7522  ;  D 

AD7523  ;  D 

AD7524  ;   CI 2-399 

AD7525  ;  D 

AD7528     CI  2-415 

AD7530   D 

AD7531  D 

AD7533  CI  2^39 

AD7534   CI  2-455 

AD7535   CI  2-467 

AD7536   C  2-479 

AD7537  CI  2-491 

AD7538  ,  .  ..CI  2-499 

AD7541   im^^^M  D 

AD7S41A   .  .  .•  :  .~.-.-'?fr*?f.  .  C  I  2-307 

-    iH-iW  r 

Manualy  Votume  IT;  D  =  Data  sheet  available,  consult  factory; 
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AD7542   CI  2-525 

AD7543   CI  2-545 

AD7545   CI  2-565 

AD7545A   CI  2-585 

AD7S46  D 

AD7547   CI  2-593 

AD7548   CI  2-601 

AD7549   CI  2-629 

AD7550   D 

AD7552   D 

•AD7564   CI  2-637 

•AD7568   CI  2-645 

AD7569    C  II  8-7 

AD7572   C  11  2-299 

•AD7572A   .  C  II  2-303 

AD7574    C  II  2-315 

AD7575   Cn2-32S 

AD7576   .  6 

AD7578  .   c  ii  2-335 

AD7579   ■   .  '.  C  II  2-347 

AD7580  C  II  2-347 

AD7581    C  II  2-363 

AD7582  C  11  2-371 

•AD7586   C  II  2-383 

AD7590DI  C  II  5-25 

AD7591DI  C  II  5-25 

AD7592DI  CII  5-25 

AD7628   CI  2-657 

AD7669   CII  8-7 

AD7672  CU  2-391 

•AD7701  C  II 2-403 

•AD7703  .  .  .   .CII 2-419 

•AD7710  C  II  2-435 

•AD7711  Cn  2-457 

•AD7712  C  II  2-479 

•AD7713  cn  2-501 

AD77e9  C  n  8-27 

AD7772   ;  :  .  . .  .  ,  D 

•AD7773   C  lI«-43 

•AD7774   ;  .  .  .   ;  C  n  8-63 

•AD7775   .  .  :  .   C  II  8-43 

•AD7776   C  II  2-509 

•AD7777   C  II  2-509 

•AD7778     CII  2-509 

AD7820   C  II  2-511 

AD7821  C  II  2-521 

AD7824  C  II  2-533 

AD7828  ■.  C  II  2-533 

•AD7837  CI  2-681 

AD7840  CI  2-693 

(^7845  CI2-TO9 

M3784ii:i>   ^(c'ri-721 

•New  produa  ainoe  puUication  of  the  most  recent  Daubooks. 
'C  I  =  Data  Comerter  R^emux  Manual,  Volume  I;  C  II  =  Data  Converter  FUft 
L  =  Linear  Pmdaat  Dasabook;  P  =  FndsiM  Mamotakks  i}iRnon  Daiabook. 


•AD7847   CI  2-681 

AD7848   CI  2-735 

•AD7868   C  II  8-79 

•AD7869   C  II  8-95 

AD7870   cn  2-545 

AD7871   2^-563 

AD7872   ;  .  C  H  2-563 

•AD7874   C  ll  2-579 

•AD7875   «?n  2-!545 

•AD7876   ^  2-545 

AD7878  ......  .  ...  .  .  ^%2JS95 

•AD7880  •. . .... .  cm^n 

•AD7884  ..........  ...........  Cn  2-625 

•AD7885    •.  •.   C  n  2-625 

•AD7886    C  11  2-637 

•AD7890  .  .  .....   C  n  2-653 

•AD7891   ...  C  II  2-659 

•AD7892  ...   C  n  2-663 

•AD7893   tin  2-669 

AD9000   .  . ; ; ; . ;  eft  2-<f3 

AD9002     c  n  2-681 

AD9003  C  II  2-689 

•AD9005A    C  II  2-697 

AD9006   cn  2-705 

AD9012  .....C  9  2-721 

•AD9014  .................... ; .'  g  112-7^ 

AD9016     2-7(J5 

•AD9Q20   J  ...  .' .' , ." .'  ■ .'  .  >i^  2-741 

AD9028  ...................  , .  , .. , ,  #,8i2r7S3 

•AD9032  ..  G-B!2-7& 

•AD9(B4  CU2r^6S 

.AD9038  eiIvZ-753 

•AD9040   e  II.2i-769 

AD9048  ,  ,  .  .  C  n.2-773 

•AD90S8    .  .   .  . ..  .  •.  .  . . .  .  filir-2-781 

•AD9060   .w  «...     .  .  iiffSi-789 

•AD9100  .  .  .  .  .  .  ...■.•.  .•*>.  ....■.  .  .%]ft4^75 

AD!>300  V  i  ;  t  ;  .»6  n5-31 

AD9500   .  ...  .   .   L 

AD9501  L 

AD9502    D 

Ar)9610  L 

AD9611   - .  .    L 

AD%17  ,   L 

AD9618   ,  L 

AD9620  L 

AD9630   L 

AD9686   L 

AD%96  L 

AD%98  L 

AD9701   CI  2-747 

AD9712  CI  2-753 
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'mt^                                                      '  Model  'Fagfe* 

•A09712A    .;;.:.*.  ..C  1*^761       ADG212A   ..C 11  5-57 

'^AI»713.......   ©12^753       ADG221   C  II  5-«5 

•AD9713A    :\;i.)^.-.vV.:r>iC  1^^761       ADG222   -.CUS-^S 

«AD9720  .......  ^ .  .  ©  r  S^765      •ADG408   C  H  5r-7l 

•AD9721     CI2-765      •ADG409  v..CI15-7i 

AD9768  ,   .C  12-769      oAIXHll   C  II  5-73 

AD9901  CI  4-115      •ADG412   C  II  5-73 

•AD9950  .  Oil  4-123       •ADG441    C  II  5-75 

•AD22001  . ,...,>,..,..,..........,,.^.. ........ ..j.^....     i  .  ..  L      •ADG442   C  II  5-75 

•AD22050    ,.  i  ...  L       •ADG444   '.  C  II  5-77 

•AD22100   . .".  . .'.  .  .^r-H  -  •  •  L      •ADG445   ...  l  \  ^  .....  C  II  5-77 

•AD22150  . '. '. '. '. '. '.  ....  s<.  ,  V .  iL        ADG506A  .'.  C  II  5-79 

•AD22180   L        ADG507A   .Cll  5-79 

•AD22181  .  L        ADG508A   \  \  ]......  \  ....  .  C  II  5-87 

AD75004 . ; . ; . ; ; ; ; : ; ; ; : : . c 1 2-773, ci s-i, c n 9-1     adg509a    ;  c  11 5-87 

•AD75019   CII5-39        ADG526A  C  II  5-95 

AD75068  .  . ".  ; ". ;  . ;   C  I  S-l,  C  II  9-1         ADG527A   ;   ;  ....  C  II  5-95 

•AD75069  c 1 2-777      adg528a   cii  5-103 

•AD75089   C  I  2-777        ADG529A   CII  5-103 

•AD75090   CI  2-777        AD  OP-07  L 

AD79015   CI  8-1,  C  II  7-49,  C  II  9-1         AD  OP-27       L 

•AD79024   C  II  7-57        AD  OP-37   L 

AD96685   L        ADSP-824ROM   D 

AD96687   L        ADSP-1008A   D 

AD  ADC71  C  II  2-801        ADSP-1009A   D 

AD  ADG72-   ..CII2-801        ADSP-lOlOA  D 

AD  ADCM- ,  .• . .-.   C  n  2-803       ADSP-lOlOB   .  D 

AD  ADGS*^.-.-.  .  .        .  .  . .  cmmi       AD§P-1012A   ... .  ..... . .  -^y^M 

AD  ADG8S  . .- . .- . .•   on  2-«09        ADSP-I016A  ■ V  P 

•ADC-170   Cn2-8I7        ADSP-1024A  D 

ADC-908    D        ADSP-1080A   .  D 

ADC-910  CII  2-819        ADSP-1081A  .>,.,.  D 

ADC-912     .  .  ,  .  .  .  ...  D       ADSP-1101    '  ,  ,  . .  ,  D 

•ADC-912A  . .  . .  ...  CII  2-831        ADSP-IUOA      ,„  D 

5iDCll3fl«lil'    D        ADSP-1401   ^ D 

:ADCn40  .  ,  .  .  .     .0112-843        ADSP-1402       D 

'  ADCii«  d      adsp-uio   d 

ADDAO08  D        ADSP-2100  D 

AD  DAC71  D        ADSP-2100A  C 1 6-2 

ADDAC72  ::::::::::::::::::::::::::::::;d  adsp-^ioi  CI6-2 

ADDAC80  :.. .012-783   .....•■.ci« 

ADDAC85   CI2-783      ^^DSP  2^  "   C  6-2 

j^^^-  ci^783  :S  ^:::::::::::::::::::::::::::c  t 

•tSSc"^  Sil^ ^       .ADSP.21 12  C  I  fr-2 

fADDS-2100A-ICE  D  .afxip  7\m^„-^n                                            r  i  t^i 

ADDS-2101-ICE                                                .  D  :adsp  2  Zm  ■■■■■■ '  " 0  ^2 

•ADDS-2m-EZ  ..D  Im  D 

w^Stl^  ^™  :::::::::::::::::::::::::::::::d 

^ADG201HS                                             ..^0,0  H  5149  adsp  3210                       UJ-  y,-  n 

 mmfi  :::::::::::::::::::::::::::::::d 

•New  produg  smce  puhliration  of  the  mow  recent  Dmboola. 

*C  I  =  Dot  Cmmtkimtfmiia  Ummilr  VllmmtsCa  ^BakiiUMmr  ib^immMmm  Voktm  m  b^^mM^iMtaite,  mimmiitt^       '  ' 

L    Lmtar Proixa  Dat^oak;  P  -  Prtcaiim  MomoUMcz Diom<m  Daabook.  .      -  .u  ..f .  ^j  .v.-r^  "vk- r  =      .   -t.inf'  -         'k<-3  '  : 
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Model  Page* 

ADSP-3220   D 

ADSP-3221  ,  D 

ADSP-3222   ,  ,  D 

•ADSP-21000-SW  ...»  D 

•ADSP-21«BI     CI  6-;! 

•ADVlOl   CI  2-793 

ADV453  .  ,  ,  1 1  s  ,  I ,  s  >  .  .   CI  2-799 

ADV471    I  1  i  i  ,  i  i  i  i  .  i  ..  C  I  2-839 

•ADV473       i      i      i  ::  i  ::  i  :  i  .  CI  2-805 

•ADV475    CI  2-827 

ADV476  ;  ......CI  2-817 

•ADV477   CI  2-827 

ADV478    CI  2-839 

•ADV7120   CI  2-851 

•ADV7121   CI  2-857 

•ADV7122   CI  2-857 

•ADV7141  CI  2-869 

•ADV7146    .....CI  2-869 

•ADV7148   /C  I  2-869 

•ADV7150  '.CI  2-889 

•ADV7151   CI  2-907 

•ADV7152   CI  2-889 

ADVFC32   C  II  3-51 

AMP-01  P 

AMP.02  F 

AMP-03  P 

AMP-05         .P 

'  kSICs  .:;  i  CI  8-1,  C  n  9-1 

fiUF^)3  ...  .  .  .  .       .       .  .  .  .  .  P 

CAV-1218-  :::  i  i i  :  ...  ;  D 

tMP-01  .  . .  . .  .  .  .  -.  •.  -.   P 

CMP-02  .%::\::::\:   P 

CMP-04  .  . .  .  .  V.V.-.-.V.V.  P 

CMP-05  .  ....•..•.■.•.•...%•..■.■.•.   P 

cmp-os    p 

■  CMP-404  P 

DAC-QS    D 

DAC-QZ  D 

DAC-01  D 

DAC-02/03   D 

DAC-05  CI  11^,  C  II  12^ 

DAC-06   e  111-4,  C  II  12-^ 

DAC-08  CI  2-923 

DAC-10  CI  2-935 

DAC-IOZ  D 

DAC-12M  D 

DAC-12QS  D 

DAC-12QZ     D 

«DAC-16   CI  2-943 

DAC-20  f .!.  ..<D 

DAC71/72  (see  AD  DAC71/72)  .  !  '  : 

i!IAC80.(ae«ADCAC^)  .  itli-liii,- 


Model 


Page* 


DAC85  (see  AD  DACS5)    AL 

DAC-86  D 

DAC87  (see  AD  DAC87)  

DAC-88  D 

DAC-89  D 

DAC-lOO   .   CI  2-945 

DAC-210    D 

DAC-312  CI  2-953 

DAC-888  ......  .....   f. •.  D 

DACl  108    D 

DAC1136  .   D 

DACl  138  D 

DAC1146  D 

DAC-1408A  D 

DAC1420   .  D 

DAC1422    .   .  .  .  D 

DAC1423   D 

DAC-1508A  d 

DAc-8012  c  1 2-957 

DAc-8043  ..{.-.,.  ,  .  01 2-977 

DAc-8143        . . . . . . ;  .;ci 2-987 

DAC-8212  D 

DAC-8221   ...  .'.   .   CI  2-1001 

DAC-8222    ......  CI  2-1015 

DAC-8228   .\' .......  C  I  2-1029 

DAC'8229   -CI  2-1041 

DAC-8248   CI  2-1053 

DAC-8408   ' .  .  .'  .......  C  I  2-1069 

DAC-8412   .' C  I  2-1083 

•DAC-8413   ..'...'.'.'....CI  2-1083 

DAC-8426  '.'...■.'.'  CI  2-1095 

OAC-8800  C  I  2-1 107 

DAC-8840   CI  2-1121 

•DAC-8841   CI  2-1131 

DAS1128  D 

DAS1150  D 

DAS1151  D 

DAS1152    C  n  7-65 

DAS1153   C  n  7-65 

DAS1155  D 

DAS1156   D 

DAS1157   C  n  7-69 

DAS1158  C  n  7-69 

DAS1159  C  n  7-69 

DRC1705    :  .  .  .  D 

DRC1706  D 

DRC1745   .        .  .C  13-107 

DRC1746   ,  .  .  .  .C  13-107 

DSC1705/06       D 

HDS-1240E  .....  . . ,  D 

.  JJ0SK15QA  . ......        ..„,.w.„  J*Sft(^i.»Ci;X 

.. .   h 
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^  INBEX 


Model 


L-.Itage* 


HTC-0300A   .  .......  !*.!;  , .  .  D 

HTS-0010   .(..,.......  .......  .  ...  ..  ..  .-iN  .  .  .  .  D 

HTS-0025  .  .  .  .  ..... .................................  .  .1  D 

•IPA1764   .   .   „  C  I  3-115 

LIU-01  . .  .  .  .gjjP  1 4-135 

LTS-0614  .'.  .'.■.'.■.".■.".■.^etl.  1,.  .  L 

LTS-0655  ....  .  .  ." ; ." .  .■ .' ;  .■  .■  .■  .■ .  . .'  .■  L 

LTs-0680 . . . ." .' ; .' ; ; . ; ; . . . ." ........   l 

LTs-2020 . . . ; ; ; ; ;  .■ ; .' ;  .■ ; 

LTs-2 101  


•r<5- 


LTS-2200  .  .  .  .'.  ..:  .  .  L 

LTS-2302  .     .     .     .  .  ...  .  .  .  .....  ...  .  .  .  .  ;  .  .  .  L 

LTS-2510  . . . ; . ; ; . ; . ; . . . . . . . . ; ; ; . ; . . . .  ,  l 

LTs-2600 .;;.:;;;.  ;;;.  ;;;;;;;;»  .:;;;;;.!!;,;. . .  l 


LTS-2700  .... . .  .• . ; ; ; ; ; .: ; . ." ; . ; ."  .• ; ;  .■  .\  l 

LTs-2800  ...  ■.   . . . . L 

MAT-Ol   .  . .        .  .  .  .  ...  P 

MAT-02  .' . ; . ; ; . . . . . ; ; . . . ; ;   ? 

MAT-03 ...... ; ; . ; ; ; ." . . .  .v. . ;  p 

MAT-04  .  .  .  .  .  .'   .  .  P 

MUX-08  .  .  .  .  .  Cn  5-111 

MUX-16  .  .  .' J .     i  .. .. .     ...........  C  n,5-123 

MUX-24  .  . .........  .  .  .................  .  .  ...  ......  C  n  5-111 

MUX-28   .  ...  .CII  5-123 

MUX-88    D 

OP-01   ^  „.  i   P 

OP-02    P 

OP-04  P 

OP-05   P 

OP-06   P 

OP-07  P 

OP-09   P 

OP-10    P 

OP-11   .  ...  .  P 

OP-12   .  .p 

OP-14     p 

OP-15   .  P 

OP-16   .  .  P 

OP-17   P 

OP-20   P 

OP-21   P 

OP-22   P 

'  6p-27  P 

OP-32   P 

OP-37    P 

OP-4r  P 

■.OP-42   .  P 

;op-43  : . :  ;  p 

OP-44  .  P 

OP-50  .  .  .  .   ....  .,.P 

OP-61  ; .  . 

OP-64   .  .  .  P 

«lbw  pcqdnct  since  publication  of  the  most  recent  Daubooks. 


Model  Uitm^' 
OP-77  V  i# 

OP-80  f  I  I  t  t  e  f  r  >■••  t       r  r  ^  r  •  ^  <J»|V->;  *{P 

OP-97  .  , ,  , ,. ,  .  ,^  .............. ,  .fc,- 'tP 

OP-160  . .  ......  P 

OP-177  ,   .  P 

OP-200  .....  ...  ...........  ...  .   ,P 

OP-207  .  .  .  .....  .  .............   ^P 

OP-215   .  .  ...  ..........  .   P 

OP-220  P 

OP-221     P 

OP-227   .................  .  5 

OP-249  ................................  :i-^^irP 

OP-260  .. ....  ,  .. ............................  ::4-r-i*iP 

OP-270   .. ,   .  .  .  P 

OP-271   . .. .. .............  i  ...  P 

•OP-282   P 

OP-290   P 

OP-297   P 

OP-400   P 

OP-420   P 

OP-42 1  P 

OP-470   P 

OP-471  P 

<pOP-482   i  ,  .  .:  P 

OP-4?0j  ....  .  .  .  . .. , ......... ..  .i*?iaa.4  •  •       ■  P 

•OSC17S8  ,.,..>,,.,  .M.?j3Cfl»,e  i.Jr:U7 

fKD-oi  ......... ................ . . . .  muKjijs^mmiei'P 

<J'M-108   ..  .  .  .  .  ...  .....  .  .  .  d^AHiiP 

vyM-iii   .iB  -iai<;p 

ClPM-119   .^H  vAHilP 

PM-!139   .V1.-.  P 

PM-148/248   1;  .  V.  .  P 

PM-155   .P 

PM-155A    P 

PM-1S6    .  .  P 

PM-156A  .  .    •.  ...  P 

PM-157   P 

PM-157A  .  .  .  ............  .- .  .   P 

PM-1008  P 

PM-1012  p 

PM-2108   .  :  .  .   P 

•PM-6012  C  I  2-1141 

PM-7224  .   .  .  .     .  ...  .  .  CI  2-267 

PM-7226    CI  2-303 

PM-7226A  .-.  .  .  .   CI  2-303 

PM-7524   CI  2-405 

PM-7528  CI  2-423 

PM-7533  CI  2-445 

PM-7541  .  .  .  .     .  .  .         .  . ......  ....  .-.  D 

PM-7541A  .  .  .  C  I  2-513 
PM^7542   .CI2-533 


?  uiiA  •  1 1^ 


PM-7*»  ■.  w .  :  •. » -.  V  4 .  V  -. .  , .  * , .  ..CI  2-^53 

*M-7S4y  V  •.•.».•.  ...  V . .  . . .  C  liiSn 

rt/L-TSW  •. .  V  i . .  v  >  •. . .  V  V  > .  V . . . .  V . . . .  .  . .  C  M-ili 

~PM-7574  >  *«  s  V  >  %  *•  V  >  V  ^  '•  % '.     s   ....  .  ■.  .  . .  .  .  i  D 

""PM-TeiS  .  V     .  V     %  V .  V  vv  >  V .  - .  > . . .  > . .  .  .  C I 
PM-764S  ;  ^>'*«v^v%v%vv«%  \  -  v.  •  .^^-..-k-.  .  Cri  2-^573 

'REF^l  ^  ....  <v  .v<v-.v. v. ...... ... ...  . .  Cnfr^3 

ItEF-02  . . . .  •. . .  %  •.   .  .  C  O 

REF-03  .  ,       .     .  .  Cn6-99 

REF-05  .  .  ^ .- .- ,• .- .. .  ,   C  II  6-107 

REF-08  .  .  . . . .  ...  . .  .Cn6-113 

REF-IO   .  .Cn  6-121 

REF-43  .  ..  .•  .r .. .. . .-  V  .  .-  .•  .r  ,•  C  II  6-127 

RPT-82         .-    W  w:  V       *-  ♦■  f  *  i'  r  .  ...  .  .  CI  4-147 

RPT-g3  vvv. .V-.  .-.  ...  CI4-147 

RPT-85  ..  ..............  . -.^v.^-.-.-.-.  .  .  ...  CI4-155 

RPT-86  vv  .  %  ^  •.  ...  C  I  4-163 

RPT-87   . .. ..  -.        -.  .  C  I  4-163 

RTM  Series   ...   .  .  D 

SDC1700/RDC1700  D 

SDC1702/RIX:i702   D 

SDC1704/RDC1704   D 

SDC1725/RDC1725   D 

SDC1726/RDC1726   D 

SDC1740/RDC1740   CI  3-119 

SDC1741/RDC174I  CI  3-119 

SDC1742/RDC1742   C  I  3-119 

SDG1768/RDC1768   .  .  .  D 

'■SHA-5   .  .  O 

'SHA-113*  . . . . .  .  .  ... .  i  iO 

-^'SHA-im     .■:V1D 

SMP-04    Cn**7 

tSMP-08   i  CH;4H-101 

SMP-10       .  &II4MI09 

SMP-U   C"B  4^^109 

•SMP-18  ,  C«  4^119 

SMP-81  ,  .  .  .  D 

SSM-2013   f .  .  P 

SSM-2014  P 

SSM-2015  ..............................  P 

SSM-2016   .  .  .  .......  :.  P 

SSM-2017   .  P 

ssM-2018 . . . ;    : .  .  .  . ,  P 

t..v^.         SSM-2024   .  .  .'.  .  P 

■■■lift:'     SSM-2100     P 

SSM-2110    .  .         .  .  .P 

SSM-2120   .  .  .  .  .  .  ,  ; .  .  .  .  P 

SSM-2122   .  .   . .  .  .  .  P 

SSM-2131     P 

SSM-2132   .  ...  .  .P 

ssM-2134  

SSM-2139  


SSM-2141  .'P 

SSM-2I42  .P 

SSM-2210  .  P 

'  SSM-2220  .  P 

SSM-2300   P 

SSM-2402   C  II  5-133 

•SSM-2404   C  II  5-147 

SSM-2412  CD  5-133 

STM  Series   .  .  .  D 

SW-01  D 

SW-02  D 

SW-06  CII  5-149 

SW-201   C  II  5-161 

SW-202   C  II  5-161 

SW-7510  D 

SW-7511  .-.  D 

1B21  .  .   ...  L 

1B22   L 

1B31   .   .-.  P.  .  .  .  L 

1B32  ......-..}:  L 

1B41  L 

1B51   L 

•1S74  .  .  .   .  .  .  .  .  .  .   C  3-127 

2B20   L 

2B22  ^  L 

2B23    L 

2B24  L 

2B30  ^  i. ,  I .,  i  .  ;  ...  L 

.2B3I   ..  ..L 

334  .  .L 

2B35   ..L 

2B50  ^  .  .  ..L 

2B52  .  L 

2B53   ,  .  ,  .  t 

2B54/2B55   ,  ,  .,L 

2B56   . .  L 

2B57   .  .  .  L 

2B58  L 

2B59  L 

2S50  CI  3-135 

2S54  CI  3-137 

2S56  CI  3-137 

2S58  .   CI 3-137 

2S80A  CI3-55 

2S81A  ....  .  CI 3-71 

2S82A  .CI 3-71 

3B  Series   .L 

4B  Series   .  .  .  L 

SB  Series   L 

,  6B  Series  L 

.•7B  Series  L 

,r40  •   L 
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modiA  Fage* 

44   L 

45  L 

46  L 

50   L 

51  L 

118    L 

148  .'  L 

171    L 

184  L 

234    .....  t 

235   L 

261   .  i 

275  ...h 

zn     ,  ....  I, 

281     1 

284J    ...t 

285  5L 

2861   L 

288    t 

289  ..L 

290A   

292A    

310  I. 

429  .,..1. 

433   .  L 

434   L 

435    L 

436     L 

440   .  L 

442  L 

450  D 

451    D 

452     D 

453  D 

458   D 

460   D 

741A/PM741  P 

751  D 

755   L 

756   L 

757   L 

759   L 

902/902-2   C  I  9-1,  C  II  10-1 

903   D 

904   CI  9-1,  Cn  10-1 

905   CI  9-1,  cn  10-1 

906   D 

915  D 

920  C 1 9-1,  C  n  10-1 

921  CI  9-1,  CII  10-1 

922   C  I  9-1,  C  n  10-1 

923   CI  9-1,  C  II 10-1 
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Model  Page* 

925  C  I  9-1,  C  U  10-1 

926    D 

927   . .   CI  9-1,  C  n  10-1 

928  C  I  9-1,  C  II  10-1 

940   C  I  9-2,  C  II  10-2 

941  C  I  9-2,  C  n  10-2 

943    CI  9-2,  C  U  10-2 

945  C  1 9-2,  C  n  10-2 

947   D 

949   ,  ,  C  I  9-2,  C  II  10-2 

951    C  I  9-2,  CII  10-2 

952  C  I  9-1,  C  II  10-1 

953   C  I  9-2,  CII  10-2 

955  ..  C  I  9-1,  C  II  10-1 

958   C  I  9-2,  C  II  10-2 

959  D 

960   C  I  9-2,  C  II  10-2 

962   C  I  9-2,  CII  10-2 

964   C  I  9-2,  CII  10-2 

965   C  I  9-2,  C  II  10-2 

966   C  I  9-2,  C  U  10-2 

967   CI»-2,CaiO-2 

iffg  »..D 

970   CI»-l,C8lM 

972   

973   .019-1, €iill®-l! 

974  CI9-1,C1MK1 

975      CIM,CilO^ 

976  CI»-l,CitlO-* 

977    CI9-l,CilO-I 
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